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EXPERIMENTS ON THE SYNTHESIS OF THE BENZOTERPENES. 1565 


CXLIX.—Ezaperiments on the Synthesis of the Benzo- 
terpenes. Part I. Derivatiwes of Benzonor- 
p-menthane. 

By Francis Witiiam Kay and ALiAn Morton. 


Tue authors have selected the term “benzoterpene” to describe 
those aromatic, terpene-like substances which contain, in addition, 
a benzene nucleus condensed to the normal, characteristic, mono- 
cyclic terpene skeleton such as is present in dipentene, for ex- 
ample; and although such compounds, so far as the authors are 
aware, have not yet been isolated from natural sources, yet a study 
of their general behaviour and properties appears to them of con- 
siderable interest in connexion with the synthesis of the sesqui- 
terpenes which is engaging the authors’ attention. 

Considering only the case of pmenthane, as it is the most repre- 
sentative of all the terpenes, it will be seen that the compound 
formed by the fusion of a benzene ring in the 5: 6-position is a 
typical representative of this class of polycyclic terpenes, and is 
the benzoterpene par excellence, the systematic name for which 
will be benzo-pmenthane. It will be noticed that the latter com- 
pound differs slightly from the parent p-menthane, however, in 
containing a double bond in the menthane portion of the molecule, 
but this is inherent, of course, with condensed nuclei of such a 
nature. 
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Benzo-p-menthane. 


These benzoterpenes can likewise be regarded as derivatives of 
tetrahydronaphthalene, but nevertheless it is undoubtedly much 
more convenient to use the simpler system of nomenclature, namely, 
to refer to these compounds as benzoterpenes, because it at once 
expresses their relation, from a constitutional point of view, to 
the common terpenes. 

When further examined, it will be found that these benzo- 
terpenes are in reality very closely allied to the sesquiterpenes, 
and, in fact, form a connecting link between the truly aromatic 


394942 


1566 KAY AND MORTON: EXPERIMENTS ON THE 


naphthalene on the one hand, and the hydroaromatic sesqui- 
terpenes on the other; as may be ascertained by comparing the 
structural formule of naphthalene, benzo-pmenthane, and 
a-selinene, the constitution of which last named has been estab- 
lished by Semmler and Risse (Ber., 1912, 45, 3725). 
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Benzo-pmenthane thus bears the same relation to selinene as 
pcymene does to the monocyclic terpenes in general, that is, it 
can be regarded as that compound in the naphthalene series which 
corresponds with p-cymene amongst the homologues of benzene. 
It is naturally a compound possessing a double function, because 
it must show both the properties of a true terpene, coupled with 
those of the aromatic substances in general, since there is still an 
unreduced benzene ring present in the molecule. 

Our preliminary experiments were directed to the synthesis of 
the simpler members of this series, and more particularly those 
compounds which contain no methyl groups but still retain the 
characteristic benzoterpene structure, and it is hoped that the 
experience thus gained will facilitate our work on the sesqui- 
terpenes themselves. 

It is clearly evident that these simpler compounds, or benzo- 
norterpenes, as we have described them, can exist as derivatives 
of hydronaphthalene containing the characteristic terpene side- 
chain either in the a-position or in the corresponding f-position, 
and thus give rise to two parallel series of benzoterpenes, which 
are derived respectively from 
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.For the sake of comparison, and in order to complete the series, 
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we have included in each the corresponding compounds derived 
from naphthalene itself. In the present communication, which 
contains a description of certain derivatives of benzonor-p- 
menthane, the general method of introducing the isopropyl chain 
into the naphthalene molecule consisted in applying the Grignard 
reaction to the esters of the reduced and unreduced a-napkthoic 
acids. 

When reduced with sodium in boiling alcoholic solution, 
a-naphthoic acid is converted into tetrahydro-a-naphthoic acid (1), 
which has previously been obtained by Sowinsky and by Schoder 
by a different method (loc. cit., p. 1571). 

When this acid is treated with phosphorus pentachloride, and 
then with bromine, it yields the corresponding a-bromo-acid, which, 
however, is exceedingly unstable, and was not isolated, but directly 
converted into the corresponding ester, ethyl a-bromotetrahydro-a- 
naphthoate (II). The latter partly decomposes on distillation 
under diminished pressure, with the formation of ethyl Al-dihydro- 
a-naphthoate (III), which is the ester of the stable dihydro-a- 
naphthoic acid described by Baeyer (loc. cit., p. 1571). 
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In preparing the large quantity of dihydro-acid required for 
the present synthesis, it was found impossible to employ Baeyer’s 
method of partly reducing a-naphthoic acid and separating by 
fractional crystallisation the mixture of stable and labile acids thus 
obtained, as it is too slow and cumbersome. 

The bromo-ester (II) described above gives, however, a good 
yield of pure ethyl A!-dihydro-a-naphthoate (IIT) when boiled with 
diethylaniline, which eliminates hydrogen bromide from the 
1: 2-position, and although this method of preparing the required 
unsaturated ester is an indirect one, yet it has the advantage that 
large quantities of material can be worked up in one single opera- 
tion. The ester obtained in this way is identical with the ethyl 
dihydro-a-naphthoate, previously prepared by Rabe (Ber., 1898, 
31, 1899) by esterifying the free acid, and regenerates the latter 
(identified by m. p. 125°) on hydrolysis. 

When ethyl tetrahydro-a-naphthoate is left in contact with an 
ethereal solution of magnesium methy! iodide, it is gradually con- 
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verted into benzonor-p-menthan-10-ol (IV),* which distils at 166°/ 
30 mm., and, when digested with potassium pyrosulphate, yields 
a benzonor-pmenthene by the elimination of water. This hydro- 
carbon boils at 259—261°/745 mm., and may be either benzo- 
A1%(4).nor-p-menthene (V) or the alternative benzo-A!Q)-nor-p- 
menthene (VI), according to the direction in which water is 
eliminated. te 
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From theoretical considerations, the authors were at first in- 
clined to assume that, of the two hydrogen atoms adjacent to the 
hydroxyl group in benzonor-pmenthan-10-ol, that one occupying 
the 4-position would be by far the more reactive, since it is in 
close proximity to the benzene ring, and that consequently the 
elimination of water from the carbinol would take place between 
this hydrogen and the hydroxyl, thus giving rise to a double link 
in the 10: 4-position. 

In order to test this assumption, experiments were instituted 
with the object of definitely establishing the constitution of this 
benzonor-pmenthene. Thus, of the two isomerides, only the 
A1°(4)-modification should yield a blue nitroso-chloride, but we were 
unable, unfortunately, to obtain a nitroso-chloride even when the 
most elaborate precautions were taken, a behaviour which recalls 
that of many terpenes possessing similar constitutions. As a last 
resource, it was decided to submit the hydrocarbon to careful 
oxidation with potassium permanganate in order to locate the 
position of the double bond; but here again we encountered un- 
expected difficulties, as the compound proved to be remarkably 
refractory to this powerful oxidising agent even at elevated 
temperatures, and what oxidation did take place led to the destruc- 
tion of the reduced ring, thus yielding no clue whatever to the 


* The scheme of numbering employed inythis communication is: 
8 1 
7 ) 2 
6 3 3 
FNS 
5 4 
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nature of the compound oxidised. The negative results of these 
two experiments are much more favourable, however, to the second 
of the two alternative formule for the benzonor-p-menthene under 
discussion, which we have assumed as a tentative suggestion. This 
assumption is amply justified by further considerations that arise 
when the boiling point of this hydrocarbon is compared with that 
of benzo-A!°4)-nor-pmenthene (V), which was _ subsequently 
obtained by an indirect synthesis, as is described later. 


Benzonor-p-menthene ............++ b. p. 259—-261°/745 mm. | difference 
Benzo-A-!4)-nor-p-menthene ...... b. p. 245—247°/744 mm. 15°. 


This marked difference in the boiling points of these two hydro- 
carbons cannot in any circumstances be due to experimental errors, 
but must undoubtedly be attributed to structural differences. 
Since then, the A!()-formula has been assigned to the hydrocarbon 
boiling at 245—247°/745 mm.; we must therefore conclude that 
the benzonor-p-menthene in question has the double linking in the 
10: 11-position—the only alternative left when it is borne in mind 
that this hydrocarbon is derived from benzonor-p-menthan-10-ol— 
and for this reason we have ascribed to it the constitution benzo- 
A10(11)_nor-p-menthene (VI). This difference in boiling point, which 
accompanies the isomerisation of the two benzonor-pmenthenes, 
has its parallel in the somewhat analogous case of A}-dihydro- 
naphthalene, which boils at 92°5°/19 mm., and A*dihydro- 
naphthalene, with a boiling point slightly higher, namely, 94°5°/ 
17 mm. (Straus and Lemmel, Ber., 1913, 46, 236). 

Now it has been definitely established for compounds like 
A’-dihydronaphthalene and allylbenzene that they undergo an 
intramolecular rearrangement when heated with alcoholic potassium 
hydroxide or sodium ethoxide under pressure, which leads to the 
formation of those isomerides containing the double bond adjacent 
to the benzene ring. This wandering of the double link from the 
By- to the aB-position in the side-chain is so characteristic for all 
aromatic compounds containing an allyl radicle directly attached 
to the nucleus that we submitted our benzo-A!°(!)-nor-pmenthene 
to the same reaction in order to gain additional evidence in favour 
of the formula under discussion. Thus, when heated in a sealed 
tube with sodium ethoxide to a temperature of 140—150° for 
eigh’ hours, the benzo-A!90)-nor-pmenthene, boiling at 259—261°/ 
745 mm., is converted partly into the isomeric hydrocarbon, 
which distils at 251—253°/771 mm., and must therefore be 
identical with benzo-A!%4)-nor-pmenthene; but the isomerisation 
is not complete, an equilibrium mixture being produced, as is 
usually the case with unsaturated hydrocarbons of this nature. 
We are therefore amply justified in ascribing the A1()-configura- 
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tion to the benzonor-p-menthene derived from benzonor-pmenthan- 
10-ol. 

The next section of the present communication contains our 
work on the benzoterpenes derived from A!-dihydro-a-naphthoic 
acid (III). Thus, when the ester of this acid is allowed to react 
with an ethereal solution of magnesium methyl iodide, it gives a 
good yield of benzo-A*-nor-p-menthen-10-ol (VII), a crystalline solid 
which melts at 101—102°, has a peculiar, penetrating odour 
resembling that of naphthalene, and when digested with potassium 
pyrosulphate is converted into benzo-A*:1))-nor-p-menthadiene 
(VIII). The latter is an oil which distils at 255—256°/750 mm., 
and has a pronounced odour, resembling that of petroleum. 
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This new hydrocarbon possesses many interesting properties 
which are not exhibited by any of the compounds we have described 
up to the present, and can only be accounted for as being due to 
the presence of the grouping—-C:C-C:C-—in the molecule. Thus 
it is capable of combining directly with only two atoms of bromine, 
and when treated with a large excess of sodium and alcohol at 
a temperature of 130° it is reduced, although with difficulty, and 
then with the addition of only two atoms of hydrogen. The 
hydrocarbon, C,,H,,, which is formed must evidently be benzo- 
A!°4)-nor-pmenthene (V), and this experiment indicates that 
benzo-A3:10(11)-nor-p-menthadiene behaves towards nascent hydrogen 
in the same way as it does towards bromine, that is to say, it is 
only able to yield an additive product with two atoms of the 
element in each case. These results are rather interesting, as they 
go to show that the proximity of the benzene nucleus has practic- 
ally no effect on the behaviour of the system of conjugated double 
links which is present in the molecule, and thus to all intents and 
purposes the benzene ring is absolutely neutral so far as it 
influences the properties of the terpene fragment with which it is 
condensed in the benzonorterpenes. 

In the conclusion we include a brief description of a-naphthyl- 
dimethylearbinol, C,,)H;-CMe,-OH, which is produced when ethyl 
a-naphthoate is treated with an ethereal solution of magnesium 
methyl iodide, and of isopropenylnaphthalene, which is obtained 
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from it by the elimination of water. These derivatives of 
naphthalene, which have already been described by Grignard (Bull. 
Soc. chim., 1901, [iii], 25, 497) and by Schurakovsky (J. Russ. 
Phys. Chem. Soc., 1909, 41, 1687), are interesting, because they 
are the parent substances of which many of the compounds 
described in this paper are the di- and tetra-hydro-derivatives. 


EXPERIMENTAL. 
Tetrahydro-a-naphthoic Acid (1). 


Tetrahydro-a-naphthoic acid was first obtained by Sowinsky 
(Ber., 1891, 24, 2358), and Baeyer, Schoder and Besemfelder 
(Annalen, 1891, 266, 184), by reducing a-naphthoic acid with 
metallic sodium and boiling amyl alcohol. In preparing the large 
quantities of tetrahydro-a-naphthoic acid required for the present 
investigation, a modification of the above process, in which ethyl 
alcohol is used instead of amyl alcohol, was found to be more 
convenient. 

Owing to the relatively high price of a-naphthoic acid, we found 
it cheaper to start from a-naphthonitrile as a source of the acid, 
and devised the following method for its hydrolysis, which is both 
rapid and quantitative. 

a-Naphthonitrile (50 grams) is mixed with a solution of 100 c.c. 
of glacial acetic acid and 100 c.c. of concentrated sulphuric acid 
in 100 c.c. of water, and heated under a reflux condenser to 120° 
for one and a-half hours in an oil-bath. As the a-naphthoic acid 
which is formed is exceedingly prone to lose carbon dioxide and 
pass into naphthalene, even at temperatures slightly above 120°, 
the above experimental conditions must be adhered to if a good 
yield of acid is to be obtained. The cold reaction product, which 
is partly crystalline, is mixed with water, thoroughly ground to a 
fine paste, filtered, and washed with water until free from mineral 
acid. It is then dissolved in dilute aqueous sodium carbonate, 
heated for some time to separate the resinous impurities, and 
finally filtered hot. The clear filtrate, when acidified with a slight 
excess of mineral acid, gives a voluminous precipitate of pure 
a-naphthoic acid, which is collected, washed free from inorganic 
impurities, dried, and then crystallised from light petroleum, 
when 57 grams (quantitative yield) of pure a-naphthoic acid are 
obtained, melting at 160°. 

Reduction.—a-Naphthoic acid (17 grams) is dissolved in 500 c.c. 
of absolute alcohol, and the solution heated to boiling under a 
long, reflux condenser. Five times the theoretical amount, namely, 
twenty molecules (56 grams), of metallic sodium are added to the 
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boiling solution as rapidly as possible, and the boiling is then 
continued until all the metal has disappeared. The cold alkaline 
solution is then diluted with a little water, and the excess of 
alkali nearly neutralised by the addition of 180 cc. of 10N- 
sulphuric acid, which precipitates the bulk of the sodium as sodium 
sulphate. After thoroughly cooling, the sodium sulphate is 
collected, well pressed, and repeatedly washed with absolute 
alcohol. The bulk of the alcohol is then distilled from the filtrate, 
which is finally evaporated repeatedly on the water-bath, with 
frequent additions of water in order to remove the last traces of 
alcohol. The aqueous solution is now acidified with an excess 
(40 ec.c.) of 10N-sulphuric acid, when an oil, which gradually 
solidifies, is obtained. Although the acid obtained in this way 
melts practically constantly (84—86°), it contains, nevertheless, 
traces of dihydro-acid, since it decolorises bromine water. It was 
therefore purified by careful oxidation with potassium per- 
manganate in the following way. The crude acid is dissolved 
in dilute sodium carbonate, mixed with ice, and treated with cold 
saturated permanganate until the colour persists for one minute, 
carbon dioxide being pasged in, and the liquid stirred by a turbine 
during the whole of the operation. The excess of permanganate is 
destroyed by the addition of sodium sulphite, then the semi- 
colloidal precipitate of manganese dioxide filtered off, and finally 
repeatedly washed with hot water. The clear solution thus 
obtained at once gives a solid precipitate of the pure acid on 
acidifying with dilute sulphuric acid. The yield of acid obtained 
by this process is about 95 per cent. of that theoretically possible. 


Ethyl Tetrahydro-a-naphthoate, C,yH,,°CO,Et. 


This ester is readily prepared by dissolving the tetrahydro-acid 
(18 grams) in a mixture of alcohol (110 c.c.) and concentrated 
sulphuric acid (20 c.c.), and, after leaving overnight, heating to 
boiling for three hours. Water is then added, the ester extracted 
with ether, the ethereal solution washed with dilute sodium 
carbonate, dried, evaporated, and the residue purified by fractional 
distillation under atmospheric pressure. The yield is 16 grams: 


0°1471 gave 0°4118 CO, and 0°0998 H,O. C=76'35; H=7°60. 
C,3;H,,O. requires C=76'42; H=7°88 per cent. 
Ethyl tetrahydro-a-naphthoate boils at 279°/747 mm., and has 
a pleasant, aromatic odour, somewhat resembling that of phenyl- 
acetic ester. 
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Ethyl a-Bromotetrahydro-a-naphthoate (II), and Ethyl 
Al-Dihydro-a-naphthoate (III). 


The bromination of tetrahydro-a-naphthoic acid proceeds much 
more vigorously than it does with the majority of the hydro 
aromatic acids which have previously been utilised in the synthesis 
of the terpenes, because the a-carbon atom is situated between 
a carboxyl and a phenyl group, which naturally combine to render 
the hydrogen attached to that carbon atom extremely mobile. For 
the same reason the bromo-acid, thus obtained, is extremely un- 
stable, and readily parts with hydrogen bromide or carbon dioxide, 
or both, yielding neutral products consisting chiefly of naphthalene. 
An additional complicating factor is introduced into this bromina- 
tion by the fact that the halogen always exhibits a tendency to 
enter the benzene ring at the same time, even at moderately 
elevated temperatures, as actually happened in one of our experi- 
ments, so that on this account, as well as for the reasons stated 
above, the bromination of tetrahydro-a-naphthoic acid must be 
carried out at as low a temperature as possible, and never in the 
presence of a large excess of halogen. 

Even the bromo-ester which is derived from a-bromotetrahydro- 
a-naphthoic acid shares the remarkable instability of the latter, 
and partly decomposes when distilled even under very low 
pressures. The behaviour of both these compounds is not difficult 
to understand when it is remembered that a-chlorohydratropic 
acid, the analogous open-chain acid, behaves in precisely the same 
way, and decomposes on heating to temperatures above 100°. 

Eighteen grams of carefully purified tetrahydro-a-naphthoic 
acid (1 mol.) was ground to a fine powder, gradually mixed with 
25 grams (1°2 mol.) of pulverised phosphorus pentachloride in a 
flask fitted with a ground-in air-condenser, and, after the vigorous 
action had somewhat abated, the mixture was warmed on the 
water-bath for half an hour. The product was then carefully 
cooled, and gradually treated with the requisite amount of bromine 
(6 c.c., 2°25 mols.), which was not added all at onee, but in six 
separate portions of 3 grams each, with an interval of one hour 
between each addition, during which the flask was very gently 
warmed in a water-bath maintained at 50—60°, so that only very 
little bromine was lost by evaporation. The halogen disappeared 
rapidly at first, whilst hydrogen bromide was evolved in abund- 
ance, but naturally slowed down towards the end of the reaction. 
The carefully cooled bromo-acid bromide mixture was now poured 
slowly in a thin stream into four times its volume (120 c.c.) of 
absolute alcohol, the vigorous reaction being controlled by running 
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water in such a way that the temperature never rose above 40°, 
and, after twenty-four hours, excess of water was added, and the 
bromo-ester dissolved in ether. The ethereal extract was now 
shaken with aqueous sodium hydrogen sulphite to remove free 
bromine, then with very dilute sodium carbonate (NW /2-solution), 
and finally repeatedly washed with a small proportion of water 
until all the alcohol had been removed. After drying over calcium 
chloride and evaporation on the water-bath, the ethereal solution 
left a viscid, oily residue, which cannot be freed from solvent by 
distillation in a vacuum, as a previous experiment had shown that 
the bromo-ester partly decomposes even under these conditions. 
The complete purification of the bromo-ester, which merely consists 
of removing the last traces of ether and other volatile impurities, 
can, however, be readily attained by placing the crude ester over 
concentrated sulphuric acid in a vacuum. The bromo-ester is 
obtained in this way as a faintly yellow, viscid oil, and in practic- 
ally quantitative yield—28 grams in the present instance: 

0°1978 gave 0°1310 AgBr. Br=28'18. 

C,3H,,0,Br requires Br=28°25 per cent. 

Ethyl aBromotetrahydro-a-naphthoate is a faintly coloured, oily 
liquid, which possesses an exceedingly penetrating odour, similar 
to that of ethyl bromoacetate, and boils with considerable decom- 
position at 208°/20 mm. (Br=23°58 per cent.). 

As stated in the introduction, ethyl Al-dihydro-a-naphthoate has 
previously been obtained by Rabe (Joc. cit., p. 1567) from the free 
acid by esterification, whereas the method which has been adopted 
in the present paper consists in the elimination of hydrogen 
bromide from ethyl a-bromotetrahydro-a-naphthoate by the action 
of boiling diethylaniline. In carrying out this reaction, we have 
profited by J. F. Thorpe’s experience in connexion with the removal 
of halogen acids from haloid esters (T., 1913, 103, 1601), and 
avoided as much as possible the formation of the quaternary salts, 
which invariably accompanies the formation of the unsaturated 
esters at low temperatures, by running the bromo-ester into boiling 
diethylaniline. 

Ethyl abromotetrahydro-a-naphthoate (28 grams) was slowly 
poured in a thin stream into twice its weight of specially dried 
diethylaniline, which was heated to 180° by means of an oil-bath; 
then a ground-in air-condenser was attached, and the bath main- 
tained at the same temperature for one hour. When cold, the 
product of the reaction was poured into an excess of cold, dilute 
mineral acid, and the oily ester which separated was dissolved in 
ether, washed successively with dilute acid and sodium carbonate, 
then dried, and finally separated from the solvent by distillation. 
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The crude ester thus obtained was subsequently purified by a very 
careful fractionation, which yielded 16 grams of ethyl dihydro-a- 
naphthoate (b. p. 300—310°/756 mm.), together with a large 
residiie of an oil of high boiling point. 

The identity of this ester was established by hydrolysing a small 
test portion with methyl-alcoholic potassium hydroxide, when an 
acid was obtained which, when recrystallised from light petroleum, 
melted sharply at 125°—the melting point of A1-dihydro-a- 
naphthoic acid. 


Benzonor-p-menthan-10-ol (IV). 


In our experiments on the synthesis of this carbinol we met 
with unexpected difficulties, owing to the fact that the primary 
product of the action of the magnesium methyl iodide frequently 
suffers dehydration in the presence of uncombined Grignard’s re- 
agent, which is frequently present in considerable excess on account 
of the slowness of the reaction in the present case. We therefore 
used only one molecule of magnesium methyl iodide, instead of 
two as required by theory, in those experiments where the prepara- 
tion of the carbinol was the primary object, whereas, when it was 
a question of obtaining the corresponding hydrocarbon, a large 
excess of organo-metallic compound was naturally employed. 

An ethereal solution of magnesium methyl iovide was first pre- 
pared from 5 grams of magnesium (1 mol.), 30 grams (1°1 mol.) of 
methyl iodide, and 100 c.c. of dry ether, and then allowed to run, 
drop by drop, from a separating funnel into 40 grams (1 mol.) of 
pure ethyl tetrahydro-a-naphthoate, diluted with 200 c.c. of 
absolute ether, and cooled in ice-water, the whole operation being 
conducted in such a way that not the least trace of moisture was 
allowed to reach the reacting liquids. After twenty-four hours 
the product was decomposed with water and dilute hydrochloric 
acid, the ethereal solution separated, freed from iodine by shaking 
with aqueous sodium hydrogen sulphite, evaporated, and hydro- 
lysed by boiling with a large excess of methyl-alcoholic potassium 
hydroxide—at least two molecular proportions of the alkali—for 
three hours. Water was then added, the oil dissolved in ether, 
the ethereal solution carefully freed from methyl alcohol by several 
washings with water, dried, and evaporated. On fractionating 
the residual oil under diminished pressure, about 75 per cent. of 
it passed over at 160—170°/35 mm. (145—155°/15 mm.), and 
consisted of practically pure benzonor-p-menthan-10-ol. A speci- 
ally pure specimen was obtained for analysis by submitting the 
latter to a second fractional distillation in a vacuum, when the 
bulk of it was obtained boiling constantly at 166—168°/28 mm. : 

5 K 2 


SE 
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01535 gave 0°4600 CO, and 0°1280 H,O. C=81'74; H=9°33. 
C,3H,,0 requires C=82°10; H=9°47 per cent. 

When purified in this way, benzonor-p-menthan-10-ol forms a 
viscid oil, which distils undecomposed at 166°/30 mm., and fails 
to crystallise in a freezing mixture. -It is volatile in steam, and 
possesses a characteristic camphoraceous odour. 


Benzo-A())-nor-p-menthene (V1). 


This hydrocarbon is readily obtained when benzonor-p-menthan- 
10-ol is digested with potassium pyrosulphate. Twenty grams of 
the crude carbinol are mixed with twice its weight (40 grams) of 
finely powdered potassium pyrosulphate, and heated in a flask, 
fitted with a ground-in air-condenser, to 220—230° for two hours 
in an oil-bath. The dark brown, charred product is now treated 
with sufficient water to dissolve the salts, the hydrocarbon layer 
dissolved in ether, and the ethereal solution washed with aqueous 
sodium carbonate to remove sulphurous acid and traces of other 
acid impurities. The dried ethereal solution, on evaporation, 
leaves a residue of crude hydrocarbon in practically quantitative 
yield. The oil is now distilled once alone, when a fairly pure 
product (b. p. 255—265°/745 mm.) is obtained. This is then 
digested for half an hour at its boiling point with metallic sodium, 
and finally refractionated, when the main portion passes over 
between 258° and 262°/745 mm. The distillation is repeated twice 
over metallic sodium, and finally once over metallic potassium, in 
order to obtain the hydrocarbon analytically pure: 


0°1742 gave 0°5830 CO, and 0°1390 H,O. C=91'28; H=8'93. 
C,3H,, requires C=90°62; H=9°38 per cent. — 

Benzo-A))-nor-p-menthene boils at 259—261°/745 mm., and 
has a pronounced odour, recalling that of cedrene. Its solution in 
acetic anhydride, when treated in the cold with a few drops of 
concentrated sulphuric acid, develops a bright, olive-green colora- 
tion, which persists on keeping. This hydrocarbon apparently does 
not form a nitroso-compound, for when mixed in molecular pro- 
portion with freshly distilled csoamyl nitrite and treated, drop by 
drop, with a slight excess of fuming hydrochloric acid at —10°, it 
can be recovered unchanged. 

Oxidation.—Towards' oxidising agents, benzo-Al0(1)-nor-p- 
menthene exhibits quite unexpected stability. Thus in one experi- 
ment, where 1°7 grams (1 mol.) of the hydrocarbon were dissolved 
in 50 c.c. of acetone, and gradually treated with finely powdered 
permanganate corresponding with one atom of oxygen, 11 grams 
of pure hydrocarbon were recovered by steam distillation and 
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fractional distillation, whilst the residue from the steam distilla- 
tion only gave the merest trace of a glycol or other soluble oxida- 
tion product on extraction with ether. In a second experiment, 
an oily suspension of the hydrocarbon, rendered alkaline’ by the 
addition of 5 cc. of 2N-sodium carbonate, was oxidised at 25° 
by slowly adding a large excess of permanganate—equivalent to 
three atoms of oxygen—and vigorously shaking the emulsified mix- 
ture. In this case, more than half of the hydrocarbon was again 
recovered unattacked, whilst no tangible oxidation product could 
be isolated. 

Bromination.—This hydrocarbon absorbs bromine very rapidly 
at first, but finally the absorption of the halogen becomes so slow 
that an accurate direct titration is almost impossible. We ulti- 
mately obtained fairly accurate figures by dissolving a weighed 
amount of hydrocarbon in chloroform, cooling to —10°, and then 
running in a slight excess of a standard solution of bromine in 
chloroform. After allowing the mixture to remain at —10° for 
six hours, the residual, unabsorbed bromine was determined tinto- 
metrically in the following way. The solution was poured into a 
Nessler tube, and standard bromine solution run, drop by drop, 
into another Nessler tube filled to the same height with chloro- 
form. Measured in this way, 0°96 gram of benzo-A!0(-nor-p- 
menthene absorbed 0°913 gram of bromine, whereas the amount 
of bromine required for the formation of the compound C,,H,,.Brz 
is 0°893 gram. 

Conversion of Benzo-Al)-nor-p-menthene into Benzo-Al(4)-nor- 
p-menthene.—The isomerisation of the A!(0-hydrocarbon was 
carried out under the conditions indicated by Straus and Lemmel 
(Ber., 1913, 46, 232), as follows: two grams of the A!°()-menthene 
were dissolved in 20 c.c. of 5 per cent. sodium ethoxide solution 
and heated to 140—150° in a sealed tube for eight hours. When 
cold, the alcoholic solution was largely diluted with water, and the 
oil which separated was isolated in the usual way. After drying, it 
was submitted to a very careful fractional distillation under atmo- 
spheric pressure, when, neglecting a very small first fraction up 
to 251°, about two-thirds passed over at 251—253°/771 mm., and 
finally less than a quarter distilled between 253° and 256°} 
771 mm., forming the higher fraction, which obviously consists 
largely of the original hydrocarbon. Hence, although isomerisa- 
tion is far from complete, yet at least 75 per cent. of the 
A10(11)-hydrocarbon has been converted into the A1(*-isomeride. 
This result agrees very well with the general experience that nearly 
all the analogous compounds containing allyl side-chains form 
equilibrium mixtures when submitted to the same treatment. The 
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hydrocarbon, boiling at 251—253°/771 mm., is identical in physical 
and chemical properties with the benzo-A!(4)-nor-pmenthene which 
was subsequently obtained by the reduction of benzo-A%+:10(@)-nor- 
p-menthadiene. Thus, it has the same odour, slowly turns brown 
and resinifies on keeping, and develops the same bright, yellowish- 
green coloration when its solution in acetic anhydride is treated 
with a few drops of concentrated sulphuric acid in the cold. The 
identity and purity of the new hydrocarbon was further estab- 
lished by examining its behaviour towards bromine, when 1°084 
grams, titrated with a standard solution of bromine in the way 
already described, exactly decolorised 1°000 gram of bromine, 
whereas the formation of C,,H,,Br, requires-1°006 grams of the 
halogen. These results leave little room for doubt that the hydro- 
carbon obtained by. the isomerisation of benzo-A!()-nor-p- 
menthene, in the manner described above, is identical with that 
which is formed when benzo-A3:1°(!)-py-menthadiene is hydrogenised. 


Benzo-A®-nor-p-menthen-10-ol (VII). 


In preparing this carbinol, the same modus operandi was 
followed as described in the preparation of the other alcohols of 
this series, 20 grams (1 mol.) of ethyl A!-dihydro-a-naphthoate in 
dry ethereal solution being gradually treated with a solution of 
2°4 grams (1 mol.) of magnesium in 15 grams (1‘1 mol.) of methyl 
iodide and 50 c.c. of absolute ether. 

The product, after remaining for twenty-four hours, was decom- 
posed by the addition of water and dilute hydrochloric acid, the 
ethereal solution separated, decolorised by washing with aqueous 
sodium hydrogen sulphite and afterwards with dilute alkali, 
evaporated, and the residue digested with a methyl-alcoholic solu- 
tion of potassium hydroxide (6 grams) for two hours. Water was 
then added, the oil extracted with ether, the ethereal solution 
washed free from methyl alcohol with water, dried, and evaporated, 
when 8 grams of crude carbinol were obtained. On distilling the 
latter under a pressure of 43 mm., it underwent partial decom- 
position apparently, giving a large amount of hydrocarbon; a 
small amount of carbinol was obtained, however, boiling at 180°. 
This solidified on keeping to a mass of hexagonal plates, which 
were subsequently used to seed a fresh preparation of carbinol. 
In this way, the viscid, oily carbinol at first obtained slowly 
solidified to a buttery, crystalline cake, the process being complete 
in about two days. The viscid mass was now spread on porous 
earthenware, when most of the oily impurities were absorbed, 
leaving a waxy, faintly coloured cake of impure carbinol, which 
was next washed on the plate itself with petroleum (b. p. 80—130°) 


—— 
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to remove the coloured impurities, the carbinol being very sparingly 
soluble in the cold solvent. After two recrystallisations, each time 
from ten times its volume of hot (100°) petroleum, from which it 
separates in slender, waxy needles, the melting point of the 
carbinol becomes stationary at 100°, but the compound is not quite 
pure (analysis gave C=81'57; H=7°79 instead of C=82°93; 
H=8'56 per cent.), and we experienced the greatest difficulty in 
obtaining a sample pure for analysis. This we are inclined to 
ascribe to the presence of sulphur in the a-naphthonitrile, manu- 
factured by distilling sodium naphthalene-a-sulphonate with 
potassium cyanide, which doubtless gives rise to a certain amount 
of thionaphthencarboxylic acid. We may also add that Will- 
stitter and Hatt have shown commercial, pure naphthalene to be 
invariably contaminated with a small percentage of combined 
sulphur (Ber., 1912, 45, 1474), which would naturally persist in 
the naphthonitrile, and finally reappear in the carbinol. We 
ultimately obtained a specimen of the new alcohol sufficiently pure 
for analysis by recrystallising it wastefully, three times again from 
petroleum, which yielded a product melting at 101—102°. This 
was finally washed with light petroleum and dried over concen- 
trated sulphuric acid in a vacuum: 

0°1641 gave 0°4973 CO, and 0°1258 H,O. C=82°65; H=8'58. 

C,3;H,,0 requires C=82°93; H=8°56 per cent. 

Benzo-A3-nor-p-menthen-10-ol crystallises from petroleum (b. p. 
80—130°), in which it is sparingly soluble, in long, silky, waxy 
leaflets, melting at 101—102°, which dissolve readily, however, in 
the hot solvent. It is rather more soluble in light petroleum, and 
dissolves freely in cold chloroform, ether, acetone, benzene, ethyl 
acetate, or methyl and ethyl alcohols, from which solvents it can 
only be obtained crystalline by spontaneous evaporation. It 
possesses a very peculiar, characteristic, naphthalene-like odour, and 
gives a bright, olive-green coloration when dissolved in acetic anhy- 
dride and mixed with a few drops of concentrated sulphuric acid. 
Being an unsaturated alcohol, benzo-A*-nor-pmenthen-10-ol com- 
bines directly with bromine, and, when measured quantitatively, it 
was found that 0°969 gram of the carbinol were capable of absorb- 
ing 0°814 gram of bromine, whereas the amount calculated for the 
formation of the additive compound C,,;H,,OBr, is 0°816 gram. 


Benzo-A8:10(11)-nor-p-menthadiene (VIII). 


In preparing this hydrocarbon, 15 grams of crude, solid benzo- 
A3-nor-p-menthenol were mixed with 30 grams of finely powdered 
potassium pyrosulphate, and heated under reflux to 225° for two 
hours in an oil-bath. Considerable charring took place, which 
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rendered the direct extraction of the hydrocarbon somewhat diffi- 
cult. Water was therefore added to dissolve the inorganic salts, 
the hydrocarbon driven over in steam, and thus a partial separa- 
tion from the non-volatile resins was readily effected, in spite of 
the fact that it is not very volatile in steam. The oil was now 
extracted with ether, the ethereal solution purified and dried in 
the usual way, and finally evaporated, when an oily residue, smell- 
ing strongly of petroleum, was obtained. This was then very care- 
fully distilled under atmospheric pressure, when about half of it 
passed over between 250° and 260°/750 mm., the remainder consist- 
ing of polymerised products of high boiling point. The crude 
hydrocarbon was now digested for half an hour with metallic 
sodium, which removed about 50 per cent. of the oil as a non- 
volatile sodium compound, evidently due to unchanged carbinol or 
oxidised oils. The remainder boiled at 255—256°/750 mm., and 
is evidently fairly pure hydrocarbon, but it was nevertheless re- 
fractionated three times over metallic sodium before being 
analysed : 


0°1344 gave 0°4532 CO, and 0°6984 H,O. C=91:°96; H=8'19. 
C,3H,, requires C=91°71; H=8'29 per cent. 

Benzo-A8:Q1)_nor-p-menthadiene is a colourless, highly refrac- 
tive oil, which is specifically heavier than water, boils at 255—256°/ 
750 mm., and possesses a strong odour of petroleum. Its solution 
in acetic anhydride yields, on the addition of a few drops of con- 
centrated sulphuric acid in the cold, a pale, yellowish-green colora- 
tion, which persists for some time, but finally becomes dirty on 
long keeping. 

Action of Bromine.—In investigating this action, the hydro- 
carbon (0°5848 gram) was dissolved in 5 c.c. of chloroform, cooled 
to —10°, and then titrated with a standard solution of bromine 
in chloroform, as already described in analogous experiments, when 
it was found that 0°540 gram of bromine had been absorbed. The 
amount of bromine required for the formation of the additive 
compound C,,;H,,Br, is 0°551 gram; it is therefore obvious that 
benzo-A:10(11)-p-menthadiene is only capable of combining directly 
with two atoms of bromine. 

Reduction.—Benzo-A3:1°10-nor-pmenthadiene is reduced only 
with great difficulty, as the following experiment shows. The 
hydrocarbon (5 grams) was dissolved in 80 c.c. of absolute alcohol 
and slowly allowed to run, drop by drop, on to 7 grams of metallic 
sodium, which was maintained at 130° in a flask, immersed in 
an oil-bath, and connected to an efficient condenser. In this way 
very energetic reduction is obtained, but care must be taken not 
to..allow the temperature of the alkaline solution to rise ahove 
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130°, otherwise the sodium ethoxide will bring about a shift of 
the double linking. When the whole of the hydrocarbon solution 
had been added, and all the sodium had dissolved, the product was 
cooled, largely diluted with water, and the reduced hydrocarbon, 
which separates as an oil, isolated with ether in the usual way. 
The oily residue, obtained on evaporating the ether, was now sub- 
mitted twice more to the same treatment. The hydrocarbon which 
was finally obtained was distilled first alone, to remove alcohol and 
impurities of low boiling point, and the main fraction, boiling 
between 230° and 250°/744 mm., purified by two distillations over 
metallic sodium, when an oil was obtained which gave the foilow- 
ing results on analysis: 

0°1302 gave 0°4332 CO, and 0°1082 H,O. C=90°74; H=9°30. 

C,3H,, requires C=90°62; H=9°38 per cent. 

This new hydrocarbon, which boils at 245—247°/744 mm., must 
evidently be benzo-A!)-nor-p-menthene, and identical with the 
isomerisation product of benzo-A!0()-nor-p-menthene, with which 
it agrees in faint terpene odour, in turning brown, and resinifying 
on exposure to the air. It further resembles the A!(@)-hydro- 
carbon by giving a yellowish-green coloration when its solution in 
acetic anhydride is treated with a few drops of concentrated 
sulphuric acid in the cold. We must therefore conclude from this 
experiment that benzo-A?:100))-pmenthadiene is likewise only 
capable of forming a dihydro- and not a tetrahydro-derivative, as 
one might expect. 


a-Naphthyldimethylcarbinol, C,,)H,-CMe,°OH. 

In preparing this alcohol, 15 grams of ethyl anaphthoate, 
diluted with absolute ether, were gradually treated with an ethereal 
solution of magnesium methyl iodide (containing 3°6 grams of 
magnesium), and the mixture allowed to remain overnight. 

The product was decomposed by the addition of water and dilute 
mineral acid, the ethereal solution separated, purified by shaking 
first with aqueous sodium hydrogen sulphite and afterwards with 
dilute sodium carbonate, evaporated, and the residue digested for 
half an hour with a methyl-alcoholic solution of 6 grams of 
potassium hydroxide. Water was then added, the oil extracted 
with ether, the ethereal solution freed from methyl alcohol by 
repeatedly washing with water, dried, and evaporated. The resi- 
dual oil solidified on cooling, and was then recrystallised twice 
from dilute alcohol, but without yielding a pure product, as shown 
by analysis. (Found, C=85'44; H=812. Cale, C=83°84; 
H=7'53 per cent.) The high carbon content is probably due to 
the presence of hydrocarbon, produced by the dehydrating action 
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of the magnesium methyl iodide. As repeated recrystallisation 
from aqueous alcohol failed to separate the impurities, it was 
decided to utilise Tiemann’s method (Ber., 1896, 29, 901). To 
this end, 16 grams of metallic sodium were reduced to a fine powder 
by melting under boiling xylene and vigorously emulsifying the 
hot mixture. The finely divided, solidified metal was washed with 
dry ether, and then mixed with 13°5 grams of the crude carbinol 
diluted with absolute ether. The evolution of hydrogen ceased in 
two days, after which 10°5 grams of finely pulverised phthalic 
anhydride were added, and the mixture again allowed to remain 
for several days. An equal volume of water was then added, and 
the aqueous layer, which contains the sodium salt of the acid 
phthalate of the carbinol, separated, and shaken once with some 
fresh ether. The acid ester was then liberated by adding an 
excess of dilute hydrochloric acid, isolated in the usual way, and 
finally hydrolysed by allowing to remain for a few days with an 
excess of methyl-alcoholic potassium hydroxide. Water was then 
added, and the carbinol obtained solid in the usual way. It was 
finally obtained pure for analysis by three recrystallisations from 
absolute alcohol ‘by spontaneous evaporation, when it was obtained 
in long, prismatic needles. (Found, C=83:30; H=8°01. 
C,;H,,0 requires C=83°87; H=7°53 per cent.) 

a-Naphthyldimethylearbinol crystallises from alcohol, in which 
it is freely soluble, in long, prismatic needles, melting at 86°, and 
possessing a fragrant odour. It is also freely soluble in benzene, 
pyridine, ether, or glacial acetic acid, but does not crystallise 
readily from these solvents. 

Benzoyl Derivative-—The benzoylation of this carbinol can 
easily be effected with benzoyl chloride in alkaline solution, which 
yields a well-defined, crystalline product, melting at 100°5° when 
recrystallised from absolute alcohol. 


a-isoPropenylnaphthalene, Cy)>H7;*CMe:CHg. 


This hydrocarbon was prepared by digesting crude a-naphthyl- 
dimethylearbinol with twice its weight of powdered potassium 
hydrogen sulphate for one hour. Sufficient water was added to 
dissolve the salt; the oil was then extracted with ether, the ethereal 
solution dried, evaporated, and the residue distilled under the 
ordinary pressure, at first alone, and lastly twice over sodium. 
(Found, C=92°56; H=7'24. C,,H,,. requires C=92°71; H=7°29 
per cent.) 

a-isoPropenylnaphthalene is a mobile, highly refractive liquid 
which distils at 256—257°/760 mm., and has a peculiar odour, 
resembling that of allylbenzene. When its solution in chloroform 
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is cooled to —10°, and titrated with a standard solution of bromine 
in chloroform, jt decolorises exactly the amount of bromine which 
is theoretically required for the formation of the dibromo-additive 
product C,,H,.Bro. 

Picrate—This characteristic solid derivative of a-sopropenyl- 
naphthalene is readily obtained by warming the hydrocarbon with 
a cold, saturated alcoholic solution of picric acid, and allowing 
to cool slowly, when it generally crystallises out in nacreous 


* leaflets, which melt at 141° (Grignard, Joc. cit., gives 91°). 
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CL.—Action of Grignard Reagents on Acid Amides. 


By Avex. McKenziz, Gzorrrey Martin, and 
Haroitp Gorpon RULE. 


One of the features of the optically active benzoins (McKenzie 
and Wren, T., 1908, 98, 310; T., 1910, 97, 473; Wren, T., 1909, 
95, 1583, 1593) is the ease with which they undergo racemisation 
at the ordinary temperature in the presence of a trace of alkali. 
The suggestion was advanced by Wren that in this change the 
pseudomeric form of r-benzoin may be produced as an intermediate 
phase, and since this w-dihydroxystilbene would possess a plane of 
symmetry, fhe benzoin resulting from it by intramolecular re- 
arrangement must of necessity be devoid of optical activity, thus: 


C,H;° H*OH ii O,H,°C-OH wail C,H,° H-OH 
C,H,° O C,H,°C:-OH C,H," 0 
Active. Inactive. Inactive. 


The fact that the glycols of the types C;,H;-CH(OH)-CRR-OH 
and C,H,;-CH(OH)-CRR’/-OH are not racemised by alkali is in 
favour of this conception, and it will be noted that, in the latter 
compounds, the grouping —CH-CO- is no longer present. 

A parallel case to the above is provided by work carried out 
by Dakin (Amer. Chem. J., 1910, 44, 48. Compare also Dakin 
and Dudley, J. Biol. Chem., 1914, 17, 29), who attributes the cata- 
lytic racemisation of optically active hydantoin derivatives to the 
tautomeric change which they undergo. Hydantoins of the type 
ROH<), ih i gradually lose their optical activity when dissolved 
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in alkali, the transformation being represented in the following 
way: 

NH-CoO sa co 

CuU-NH ~ RCS oH) d ‘NH’ 


When, however, the mobile hydrogen atom of the —CH-CO- 
grouping is displaced by an alkyl group, the active hydantoin of 
this type is stable towards alkali, for example, methylethyl- 


hydantoin, OMeEt<) a ts 1 


R-CH< 


» showed no signs of racemisation in 


the presence of Pe 

Since the optically active benzoins are prepared by the action of 
magnesium phenyl bromide on d- and /-mandelamides, the present 
investigation was undertaken with the primary object of preparing 
other optically active ketols by the aid of Grignard reagents. It 
is very probable that, in the formation of benzoin by the action 
referred to, the mandelamide reacts with the Grignard reagent in 
accordance with the aci-structure, the additive compound being 
represented by the formula 

C,H,;-CH(O-MgBr)-C(O-MgBr)(C,H,;)-NH-MgBr. 

There were, therefore, good grounds for hoping that mandelo- 
piperidide could be substituted for the amide with advantage; the 
disturbing effect of the hydroxyl groups ought to be less pro- 
nounced than in the case of the amide, whilst the strongly basic 
character of the piperidine grouping might have the effect of 
restricting the formation of additive compound at the ketonic 
stage. Moreover, Bouveault (Compt. rend., 1903, 187, 987) had 
shown that disubstituted formamides, H-CO-NRR’, can be con- 
verted into aldehydes by the aid of Grignard reagents, but the 
formation of aldehydes does not occur when formamide itself is 
used. Again, the piperidide of diethoxyacetic acid is converted 
with ease into the aldehyde-acetal of methylglyoxal by means of 
magnesium methyl iodide (Wohl and Lange, Ber., 1908, 41, 3612). 
Nevertheless, the use of mandelopiperidide is not practical for the 
preparation of benzoin. It was found that whilst benzoin is 
actually produced by the interaction of the piperididé and mag- 
nesium phenyl bromide, it is always mixed with regenerated 
piperidide and with af-dihydroxy-a8f-triphenylethane, and the 
separation of these three compounds is troublesome. 

From the results recorded in the experimental part, it is clear 
that in those cases where a ketol was isolated as one of the pro- 
ducts of the action of Grignard reagents on amides, the yield was 
small. This is due partly to the insolubility in ether of the amides 
employed, but mainly to the difficulty of restricting the action, 
when once the hydroxyl groups of the amide have been attacked, 
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to the formation of that particular additive compound which under- 
goes disruption with water to give a ketol; this additive compound 
possibly unites with more of the Grignard reagent to form another 
additive compound, from which a glycol is obtained by the addition 
of water. The action of magnesium phenyl bromide on 
r-a-hydroxy-B-phenylpropionamide may be cited as an example. 
The products resulting from this action were benzoylbenzylcarbinol 
and af-dihydroxy-aay-triphenylpropane. On the above view, the 
additive compound 
C,H;-CH,-CH(C-MgBr)-C(O-MgBr)(C,H;)-N(MgBr), 

would be produced (compare T., 1908, 93, 310). It is, however, 
simpler to regard the amino-group of the acid amide as undergoing 
displacement, to some extent at least, by the phenyl group, thus: 


(1) C,H,-CH,-CH(OH)-CO-NH, + 2C,H,-MgBr= 
C,H,;-CH,-CH(O-MgBr)-CO-C,H, + C,H, + MgBr-NHg. 
(2) C,5H,-CH,-CH(O-MgBr)-CO-C,H, + C,H;-MgBr = 
C,H,-CH,*CH(O-MgBr)-C(O-MgBr)(C,H;)>. 
(3) CgH;-CH,-CH(O-MgBr)-CO-C,H; —> 
C,H,;-CH,*CH(OH)-CO-C,H,,. 
(4) C,H,-CH,-CH(O-MgBr)-C(O-MgBr)(C,H;), —> 
C,H;°CH,*CH(OH):-C(OH)(C,H;).. 
d-Benzoylbenzylcearbinol undergoes racemisation at the ordinary 
temperature when a trace of sodium ethoxide is added to its 
alcoholic solution, the value for the rotation of a 5 per cent. solu- 
tion falling to about one-half of the original after 481 hours had 
elapsed. This change is much slower than that undergone by 
l-benzoin under similar conditions. On the other hand, 
l-aB-dihydroxy-aay-triphenylpropane is not racemised by alkali. 


EXPERIMENTAL. 


Five grams of r-mandelamide (1 mol.) were added within an 
interval of twenty minutes to the Grignard reagent prepared from 
34 grams of pbromotoluene (6 mols.). After the mixture had 
been boiled for seven hours, it was decomposed by ice and mineral 
acid. The ether was expelled, and the pditolyl removed by dis- 
tillation in steam. The residual brownish tar was crystallised 
several times from aqueous methyl alcohol, and finally about 0°5 
gram of a pure compound was obtained. 

r-p-Toluoylphenylearbinol, CgH;-CH(OH)-:CO-C,H,°CHsg,  separ- 
ates from aqueous methyl alcohol in colourless needles, and melts 
at 108—109°. It is readily soluble in methyl alcohol, carbon tetra- 
chloride, ether, or benzene, and reduces Fehling’s solution in the 


cold: 
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0°1554 gave 0°4541 CO, and 0°0886 H,O. C=79'7; H=6'4. 
C,;H,,0, requires C=79°6; H=6°2 per cent. 
r-o-Toluoylphenylcarbinol, prepared from r-mandelamide and 
o-bromotoluene in a very small yield, melts at 108—109°, and 
resembles its isomeride in other respects: 
0°0654 gave 0°1900 CO, and 0°0375 H,O. C=79'2; H=6-4. 
C,;H,,0, requires C=79°6; H=6'2 per cent. 
r-Mandeloethylamide, CsH;->CH(OH)-CO-NH°C,H;, prepared by 
the action of an ethyl-alcoholic solution of ethylamine on ethyl 
dl-mandelate, separates from a mixture of benzene and light 
petroleum (b. p. 60—80°) in lustrous plates, and melts at 53—54°. 
It is readily soluble in water, benzene, ethyl alcohol, acetone, or 
ether, and sparingly so in light petroleum: 
0°2283 gave 0°5615 CO, and 0°1530 H,O. C=67'1; H=7°'5. 
C,9H,30,N requires C=67'0; H=7°3 per cent. 

Attempts to prepare r-benzoin by the action of magnesium 
phenyl bromide on this compound met with no success. 

1-Mandeloethylamide, prepared from ethylamine and methyl 
Lmandelate, separates from a mixture ef chloroform and light 
petroleum in pearly plates, and melts at 65°5—66°5°: 

0°2479 gave 0°6075 CO, and 0°1640 H,O. C=66°8; H=7°4. 

C,»H,;;0,N requires C=67°0; H=7°3 per cent. 
Its specific rotation was determined in ethyl-alcoholic solution : 
l=2, c=3°691, al’ —2°54°, [a}s —34-4°. 
r-Mandelopiperidide, C,H;-CH(OH)-CO-NC;H,,, prepared by 
heating ethyl di-mandelate (1 mol.) with piperidine (1} mols.) for 
fifteen hours at 120°, separates from aqueous alcohol in colourless 
needles, and melts at 75—76°: 
0°2118 gave 0°5524 CO, and 0°1518 H,O. C=71:1; H=8°0. 
C,3H;,0O,N requires C=71'2; H=7'8 per cent. 

The Grignard reagent, prepared from bromobenzene (3 mols.), 
was added to 4°4 grams (1 mol.) of the piperidide suspended in 
50 c.c. of ether. After the usual treatment, 2°2 grams of a solid, 
free from diphenyl, was obtained. This mixture, which melted at 
68—122°, and contained regenerated piperidide, was crystallised 
from methyl alcohol, and 0°2 gram of r-benzoin was ultimately 
obtained. In several other experiments, in which both magnesium 
phenyl bromide and iodide were used, r-a8-dihydroxy-a8f-tripheny]l- 
ethane was one of the products; it was identified in each case by 
its melting point and by the emerald-green coloration which it gives 
with concentrated sulphuric acid. 

Similarly, when piperidine r-mandelate (m. p. 99—100°) was 
acted on by magnesium phenyl bromide in proportions varying 
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from 3 to 8 mols. for each molecule of salt, the following com- 
pounds were isolated: diphenyl, r-benzoin, 1r-a8-dihydroxy-aBBp- 
triphenylethane, and r-mandelic acid. 


ee 


Formation of 1-Benzoin Methyl Ether from |-a-Methoxyphenyl- 
acetamide. | 


l-a-Methoxyphenylacetic acid (McKenzie, T., 1899, 75, 753) was 
converted into its methyl ester from the ethyl-alcoholic solution of 
which the amide was prepared by the action of ammonia under 
pressure. Yield, 90 per cent. 

l-a-M ethoxy phenylacetamide, C,5H;*CH(OCH;):CO-NHg, separates 
from light petroleum in plates, and melts at 108—109°: 

0°2067 gave 0°4969 CO, and 0°1254 H,O. C=65°5; H=6'8. 

0°3344 ,, 25°8c.c. Ng at 21° and 747 mm. N=8°8. 

C,H,,0,.N requires C=65°4; H=6°7; N=8°5 per cent. 

Its specific rotation was determined in acetone as solvent: 

l=2, c=3°457, a\§ —7°16°, [a]§ —103°6°. 

The isomeric r-a-methoxyphenylacetamide, prepared in a similar 
manner, separates from water in hexagonal plates, and melts at 
111—112°. It is readily soluble in ethy! alcohol or benzene, and 
sparingly so in water or ether: 

, 9°2043 gave 0°4928 CO, and 071261 H,O. C=65°8; H=6°9. 

01982 ,, 148 cc. Ny at 19° and 756 mm. N=8'7. 
C,H,,0,N requires C=65°4; H=6°7; N=8'5 per cent. 

5°5 Grams (1 mol.) of J-a-methoxyphenylacetamide were heated 
for eight hours with magnesium phenyl bromide, prepared from 
20 grams (4 mols.) of bromobenzene. The oil, obtained after the 
decomposition ‘of the additive compound, was separated from 
diphenyl, and amounted to 3 grams. After two crystallisations of 
this product from light petroleum, 0°5 gram of the original amide 
was recovered, whilst from the filtrate 0°35 gram of crude /-benzoin 
methyl ether was ultimately obtained. The latter was then 
crystallised from light petroleum, and glassy, rectangular prisms 
separated ; these melted at 50—52°, and had [a],, —88°3° in ethyl- 
alcoholic solution, whereas, according to Wren (loc. cit.), the pure 
compound melts at 53—54°, and has [a],, —94°3°. Moreover, the 
product exhibited the behaviour of /-benzoin methyl ether when 
dissolved in benzene; it gave the value [a], +46°9°. The pure 
ether is dextrorotatory in benzene solution, having [a], +50°9°. 


Amides of a- and B-Hydrozy-B-phenylpropionic Acids. 


r-B-Hydroxy-8-phenylpropionamide was prepared by the action 
of aqueous ammonia under pressure on methyl dl-6-hydroxy-f- 
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phenylpropionate, the yield being 90 per cent. It melted at 122°, 
the value given by Posner (Ber., 1905, 38, 2316), who prepared 
the compound by the action of ammonia on {-bromo-8-pheny!- 
propionic acid, being 120—121°. 
d-8-Hydroxy-B-phenylpropionamide, 
C,H,-CH(OH)-CH,:CO-NH,, 

prepared in a similar manner from the methyl d-ester, separates 
from benzene in needles, and melts at 105—106°. It is readily 
soluble in water and ethyl alcohol, moderately so in ether, and 
sparingly so in cold benzene, chloroform, or carbon disulphide; 
5°9 grams were obtained from 6°5 grams of ester: 

0°1446 gave 0°3470 CO, and 0°0896 H,O. C=65'4; H=6°9. 

C,H,,0.N requires C=65°4; H=6°7 per cent. 

In ethyl-alcoholic solution : 

l=2, c=4'43, a} +3°40°, [a]? + 38°49. 

Both the r- and the d-amide were acted on by magnesium phenyl 
bromide, in the hope that the corresponding ketols could be 
isolated ; the experiments were unsuccessful. 

1-B-H ydroxy-B-phenyl propionethylamide, 

C,H;-CH(OH)-CH,°CO-NH-C,H,, 
was prepared by the action of ethylamine on methyl /-8-hydroxy-B- 
phenylpropionate (4 grams), the yield being 4°6 grams. It 
separates from a mixture of benzene and light petroleum in needles; 
and melts at 108—109°. It is readily soluble in water, ethyl 
alcohol, chloroform, or ether, and sparingly so in carbon disulphide, 
benzene, or light petroleum: 

0°1405 gave 0°353 CO, and 0.1 H,O. C=685; H=8°0. 

C,,H,,0,N requires C=68°3; H=7°8 per cent. 

In ethyl-alcoholic solution : 

[=2, c=3°99, a® —2°09°, [a]p* —26°2°. 

An attempt to prepare the ketol by the action of magnesium 
phenyl bromide was made without success. 
r-a-Hydroxy-B-phenylpromonamide, 

C,H,-CH,*CH(OH)-CO-NH,, 
was prepared by the action of ammonia on an ethyl-alcoholic solu- 
tion of methyl dl-a-hydroxy-8-phenylpropionate (12 grams), the 
yield being 9 grams. It crystallises from benzene in leaflets, and 
melts at 111—112°. It is moderately soluble in ethyl alcohol or 
water, and sparingly so in benzene: 

0°2476 gave 0°593 CO, and 0°15 H,O. C=65°3; H=6°8. 

0°2304 ,, 16:2 c.c. N, at 10° and 770 mm. N=8°6. 
C,H,,0,N requires C=65°4; H=6'7; N=8°5 per cent. 
d-a-H ydroxy-B-phenylpropionamide was prepared from 14°5 
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grams of ethyl d-a-hydroxy-8-phenylpropionate (McKenzie and 
Barrow, T., 1911, 99, 1921), the yield being 10 grams. It is 
sparingly soluble in benzene, from which it separates in lustrous 
leaflets, melting at 112—113°: 
0°1272 gave 0°3044 CO, and 0°0827 H,O. C=65°3; H=7°3. 
C,H,,0O.N requires C=65°4; H=6'7 per cent. 
In ethyl-alcoholic solution : 
1=2, c=2°076, ap +3°38°, [a] + 81°4°. 
d-a-Hydroxy-B-phenyl propionethylamide, 
C,H;-CH,-CH(OH)-CO-NH:C,H,, 
prepared from ethyl d-a-hydroxy-8-phenylpropionate and ethyl- 
amine, separates from a mixture of benzene and light petroleum 
in pearly leaflets, and melts at 56—56°5°. It is readily soluble in 
water, ether, ethyl alcohol, or benzene, and sparingly so in light 
petroleum : 
01111 gave 0°2781 CO, and 0°08 H,O. C=683; H=8°0. 
C,,H,,0,N requires C=68°3; H=7°8 per cent. 


Action of Magnesium Phenyl Bromide on r-a-Hydroxy-B-phenyl- 
progionamide. 


Four grams of the amide (1 mol.) were heated for nine hours 
with the Grignard reagent, prepared from 23 grams of bromo- 
benzene (6 mols.). The crude product, which was obtained in the 
usual manner, and from which the diphenyl had been removed 
by distillation in steam, was boiled with 2 litres of water, and 
the small amount of undissolved oil present was removed by filtra- 
tion; 1°5 grams of the ketol separated from the filtrate. 

r-Benzoylbenzylcarbinol, Cg,H;*CH,-CH(OH)-CO-C,H,, separates 
from water, in which it is very sparingly soluble, in colourless 
needles, and melts at 65—66°. It reduces Fehling’s solution: 

0°1912 gave 0°5555 CO, and 0°104 H,O. C=79'2; H=6'l1. 
C,;H,,0, requires C=79°6; H=6'2 per cent. 

The oil from which this ketol was separated contained 
aB-dihydroxy-aay-triphenylpropane, which was isolated in the 
following manner. Five grams of the amide were boiled for six 
hours with the Grignard reagent, prepared from 28°5 grams of 
bromobenzene. The product, obtained after the decomposition of 
the additive compound and the removal of the diphenyl, amounted 
to 5 grams, and contained some regenerated amide, which was 
separated by aid of its sparing solubility in cold benzene. By 
crystallisation of the residue, first from a mixture of benzene and 
light petroleum, then from aqueous alcohol, and finally from 
alcohol, 0°2 gram of a substance, melting at 148—149°, was 
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obtained. This was free from nitrogen, did not reduce Fehling’s 
solution, and gave on analysis C=82°4; H=6°2 per cent. The 
identity of the compound was established by its preparation from 
r-benzoylbenzylcarbinol and from ethyl dl-a-hydroxy-8-phenyl- 


- propionate as follows. Two grams of r-benzoylbenzylcarbinol were 


added to the Grignard reagent, prepared from 6 grams of bromo- 
benzene, and the mixture boiled for six hours. The crude pro- 
duct (2°5 grams), obtained in the customary manner, melted at 
143—147°; it was crystallised from dilute alcohol, the yield being 
2 grams. 
t-aB-Dihydroxry-aay-triphenyl propane, 
CH,Ph-CH(OH)-CPh,:OH, 

separates from a mixture of benzene and light petroleum in needles, 
and melts at 148—149°. Its solution in concentrated sulphuric 
acid is at first orange-yellow, but it rapidly becomes emerald- 
green ; 

0°2763 gave 0°839 CO, and 0°1642 H,O. C=82°8; H=677. 

C,,H. 0, requires C=82'9; H=6°6 per cent. 

Ten grams of ethyl dl-a-hydroxy-8-phenylpropionate were boiled 
for three hours with the Grignard reagent, prepared from 50 grams 
of bromobenzene. The yield of the glycol was 12 grams. The pro- 
duct melted at 148—149°, and the melting point was not lowered 
by mixing the product with that obtained from benzoylbenzyl- 
carbinol. 


d-Benzoylbenzylcarbinol. 


Five grams of d-a-hydroxy-8-phenylpropionamide (1 mol.) were 
gradually added within an interval of one hour to the Grignard 
reagent, prepared from 29 grams of bromobenzene (6 mols.), and 
the mixture was boiled for nine hours, After decomposition with 
ice and dilute sulphuric acid, the ether was expelled, and the resi- 
due submitted to distillation in steam for one hour. The resulting 
oil was extracted five times with boiling water, and 2°5 grams of 
crystals separated when the aqueous extract was cooled. 

d-Benzoylbenzylcarbinol separates from light petroleum (b. p. 
60—80°) in rosettes of lustrous prisms, and melts at 75°5—76°5°. 
It is very readily soluble in the commoner organic solvents, and 
very sparingly soluble in water: 

0°2065 gave 0°6014 CO, and 0°1186 H,O. C=79°4; H=6°4. 

C,;H,,0, requires C=79'6; H=6'2 per cent. 

It reduces Fehling’s solution strongly. 

The colour reaction with concentrated sulphuric acid is striking, 
the following tints being developed successively at the ordinary 
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temperature: pink, purple, yellow, olive-green, blue, indigo, violet. 
The r-ketol exhibits similar changes in colour. 
The specific rotation was determined in acetone solution: 


1=4, ¢=1:229, a¥%*+0°62°, [a]¥* +12°6°. 


A levorotation was observed with the ethyl-alcoholic solution. 
0°9809 Gram of the ketol was made up to 20 c.c. with ethyl alcohol, 
and the solution examined in a 2-dem. tube. The value ai?! —1°89° 
was observed, whence [a],—19°3°. Three drops of a solution of 
sodium ethoxide (prepared by dissolving 5 grams of sodium in 
120 c.c. of ethyl alcohol) were then added to the liquid in the 
polarimeter tube, and readings were taken at intervals, as follows: 


After 20 minutes ...... —1:79° | After 53 hours......... — 1:28° 
jo II accceccosae 1°76 i ae “Sacernaen 1-11 
os — I. een ccacss 1°51 ag) SE lage eacowanes 0°94 
ad l << eames 1°36 ~s “an ag Samnbheaude 0°84 
- Me ae  sdekedone 1°33 


0°53 Gram of J-aB-dihydroxy-aay-triphenylpropane (T., 1913, 
103, 116) was dissolved in ethyl alcohol, and 2 c.c. of sodium 
hydroxide (V/10 x 1:009) were added. The solution was made up 
to 20 c.c. with ethyl alcohol, and the value a, —6°16° obtained in 
a 2-dem. tube. There was no racemisation after eighteen hours at 


the ordinary temperature. 
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CLI.—The Alkaloids of Ipecacuanha. 
By Francis Howarp Carr and Frank Lee Pyman. 


THE chemistry of the alkaloids of ipecacuanha has been much in- 
vestigated, but little real progress was made until Paul and 
Cownley (Pharm. J., 1894, [iii], 25, 111, 373, 690) showed how to 
separate the two principal alkaloids, emetine and cephaeline, which 
are soluble in ether, by making use of the phenolic properties which 


are characteristic of the latter only. They obtained emetine as an 
5 L 2 
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amorphous base, forming crystalline salts, and cephaeline as a 
crystalline base yielding a crystalline salt. They also isolated a 
third alkaloid, psychotrine, a crystalline base forming yellow 
prisms, melting at 138°, which was very sparingly soluble in ether. 
It was not further investigated. Asa result of their analyses, they 
attributed to emetine the formula Cy9H,,0,N, or C,;H,.0,N, and 
to cephaeline C,,H,O,N, or C,H. O,N, but, later on, Hesse 
(Pharm. J., 1898, [iv], 7, 98), collaborating with them in the in- 
vestigation, preferred the formula Cy,H,.O,N, for emetine and 
C,3H3,0,N, for cephaeline. Hesse showed that emetine contained 
four methoxyl groups, whilst the results for cephaeline lay between 
those required for two and three methoxyl groups, and considera- 
tion of the elementary analyses of the two bases suggested that the 
former view was correct. The same author, however, was led to 
doubt the identity of noremetine and norcephaeline, the com- 
pounds prepared by completely hydrolysing the methoxyl: groups 
of the parent bases.* 

Frerichs and de Fuentes Tapis (Arch. Pharm., 1902, 240, 390), 
dealing with the assay of ipecacuanha, incidentally analysed the 
hydrochlorides of emetine and cephaeline, and regarded the results 
of their analyses as a confirmation of Paul and Cownley’s formule. 

O. Keller (Arch. Pharm., 1911, 249, 512) determined the acidic 
ion in several salts of emetine, obtaining results in substantial agree- 
ment with the formula C,,H,,0,N,. He was unable, however, to 
obtain consistent results for the methoxyl content of emetine, 
employed either as base or hydriodide. This author showed for 
the first time that emetine contains an imino-group by the forma- 
tion of an amorphous monobasic benzoyl derivative and a nitroso- 
amine. He regarded the benzoyl derivative, which he perpared by 


- the Schotten-Baumann method, as an ON-dibenzoylemetine, and a 


single methoxyl determination indicated the presence of two 
methoxyl groups only in this compound. He also obtained an 
“apparently crystalline” quaternary iodide, namely, trimethy]l- 
emetine di-iodide, by the action of methyl iodide on emetine, to 
which he ascribed the formula C,,H,,0,(?N,CHs;I)(‘N-CH,;,CH;,I), 
and his conclusions with regard to the constitution of emetine were 
as follows. Emetine is a secondary-tertiary base which probably 
contains two methoxyl groups, and at least one hydroxyl group. 
In a second paper on the subject Keller (Arch. Pharm., 1913, 251, 
701) describes experiments on the methylation and subsequent 
benzoylation of emetine, which led only to amorphous substances. 
He obtained the following substances from emetine or trimethyl- 
emetine di-iodide by dry distillation, or distillation with zinc dust, 


* A recent second paper by Hesse is discussed in an Addendum to this paper. 


mia 
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in a current of hydrogen: ammonia, trimethylamine, tetramethy]- 
ammonium iodide, a new volatile base giving a crystalline gold salt, 
CoH,gN.(HAuCl,),, and guaiacol. He regarded the formation of 
the latter substance as evidence of the presence of a phenolic 
hydroxyl group in emetine. 

We have been led to investigate the alkaloids of ipecacuanha 
owing to the growing importance of emetine in amebic dysentery, 
following the clinical results of Leonard Rogers, with a view more 
completely to characterise these bases and their salts and investi- 


gating the relation between them. 

In the first-place, it was necessary to prepare emetine, cephaeline, 
and psychotrine in a state of complete purity. Crystalline salts 
of the three alkaloids have been prepared and characterised: of 
emetine, the hydrochloride, hydrobromide, hydriodide, nitrate, and 
sulphate; of cephzline, the hydrochloride and hydrobromide; and 
of psychotrine, the nitrate, sulphate, and hydriodide. 

Secondly, it was necessary to carry out a very large number of 
analyses of the bases and their salts. The results obtained, taken 
in conjunction with those of a considerable number of simple deriv- 
atives, lead us to the conclusion that emetine has the formula 
Co9H4gO,No, cephaeline C,,H,,0,No, and psychotrine C,,H,,0,N,, 
and in any case our syntheses prove that the relations between 
the alkaloids are such that psychotrine+ H,=cephaeline, and 
cephaeline + CH,=emetine. The conclusion that emetine has the 
formula C,H, 0O,N, is based chiefly on the ratio C: Br and C: Tin 
its salts, and those of its derivatives. Several of the well-crystal- 
lised bases derived from it give, on analysis, figures better in agree- 
ment with the old formula, Cy>H,.0O,N., when they are burnt 
mixed with copper oxide, and give lower and inconsistent figures 
when burnt in a boat. When titrated, however, these bases give 
figures for the molecular weight in good agreement. with the lower 
formule which, taking into consideration the whole of the results, 
appear to be the more probable. The new formula for emetine, 
CopH4O,N>, is in better agreement with the analytical results 
obtained by previous investigators also than any of the formule 
suggested by them. 

Molecular-weight determinations are, on the whole, in agreement 
with these formule, and it will be clear from the evidence afforded 
later that these alkaloids contain two nitrogen atoms. Whilst the 
neutral salts contain one molecular proportion of monobasic acid 
to each nitrogen atom in the molecule, there is some evidence of 
the formation of basic salts also, since the neutral salts of emetine 
and cephaeline do not yield a precipitate of the base until nearly 
one-half a molecular proportion of alkali has been added. Such 
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basic salts, however, are very unstable, their solutions depositing 
the base on warming. 

The mode of combination of the oxygen atoms in the molecule 
is readily accounted for, the four such atoms in emetine being pre- 
sent in four methoxyl groups,* whilst those in cephaeline and 
psychotrine represent three methoxyl groups and one phenolic 
hydroxyl group. 

Emetine and cephaeline have been hydrolysed by means of hydro- 
chloric acid at 135—140°, and the resulting noremetine and nor- 
cephaeline hydrochlorides have been investigated. These have not 
been obtained in a crystalline form, but their properties and com- 
positions, determined by analysis, lead to the view that they are 
identical, and have the formula C,;H,,0,N,,2HCl. Both com- 


‘pounds give the catechol reaction with ferric chloride, a point of 


considerable interest in connexion with the constitution of these 
alkaloids. 

With regard to the function of the nitrogen atoms in these bases, 
we are able to bring forward definite evidence that emetine is a 
secondary-tertiary base, thus confirming Keller’s opinion in this 
respect. Cephaeline is also a secondary-tertiary base, and the state- 
ment made in our preliminary note (P., 1913, 29, 226), that these 
alkaloids are di-secondary bases, has proved to. be incorrect. 
Psychotrine is, in our opinion, a di-tertiary base. None of these 
alkaloids contains an N-methyl group. Emetine readily yields on 
benzoylation a crystalline benzoyl derivative, benzoylemetine, 
C.9H3g0,N,°COPh, which is a monacidic tertiary base. The amor- 
phous compound described as benzoylemetine by Keller has proved 
to be the crude benzoate of this base. We can confirm Keller’s 
statement that emetine yields a nitrosoamine, but this is probably 
not a simple derivative. 

The three alkaloids of ipecacuanha are related to one another in 
a simple manner. Psychotrine, C,,H;,0,N,, yields on reduction a 
mixture of the two isomeric dihydro-derivatives, C,.H,.0,No, 
cephaeline and isocephaeline, a new crystalline base, the probable 
relation of which to cephaeline is discussed later. Cephaeline is, 
therefore, a dihydropsychotrine. Emetine is the O-methyl ether 


* Emetine does not, therefore, contain a phenolic grouping as suggested by 
Keller (loc. cit.). The formation of guaiacol in his experiments can be explained by 
either of two assumptions, namely : (1) that partial demethylation of the degradation 
products has taken place, or (2) that the emetine and its methylation products 
employed contained cephaeline and its methylation products as impurities. The 
second assumption appears the more probable in view of Keller’s statement (Joc. cit., 
p. 701) that crude amorphous emetine hydrochloride, which contains ‘‘ only a little 
cephaeline,” is suitable without further purification for the preparation of tri- 
methylemetine di-iodide. 


CARR AND PYMAN: THE ALKALOIDS OF IPECACUANHA. 1595 


of cephaeline, from which it can be prepared by methylation. 
When sodium methyl sulphate and sodium amyloxide are 
employed, methylation of the phenolic hydroxyl group of cephaeline 
takes place predominantly, yielding emetine. When methyl 
sulphate and sodium methoxide are used, however, the imino-group 
is chiefly methylated, and a new base, N-methylcephaeline, is pro- 
duced ; but emetine is also formed, together with a small quantity 
of another new base, N-methylemetine, in which both the imino- 
and phenolic hydroxyl groups are methylated. The latter base can 
also be prepared by suitably methylating either V-methylcephaeline 
; or emetine. The relation between the alkaloids and their deriv- 
atives has been shown by their formation, analyses, OMe and NMe 
determinations, to be as follows: 


(OMe), 
Psychotrine, C,,,H,, 1 
\s 
(OMe), (OMe), 
Cc : OH ‘ ‘ O 
. ephaeline, C,;H) ny isoCephaeline, C,;Ho-) way 
N N 
(OMe), | on 
Emetine, C,,H,,. NH N-Methylcephaeline, C,;H») nyo 
N 
N 
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(OMe), 
N-Methylemetine, C,,H,, NMe 
N 


N-Methylcephaeline is a crystalline diacidic base. Its nitrate, 
hydrobromide, and hydriodide have been prepared in crystwlline 
form. This base and its salts crystallise in well-formed, dense 
crystals. 

N-Methylemetine has not been obtained in a crystalline form, 
but its hydrobromide and hydriodide crystallise well. This base, 
unlike emetine, cephaeline, and JV-methylcephaeline, contains 
neither an imino- nor a phenolic hydroxyl group, and does not react 
either with benzoic anhydride or nitrous acid. 
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The nature of the oxygen and nitrogen atoms of the alkaloids 
of ipecacuanha and the mutual relations of the bases having now 
been completely accounted for, it remains to consider the con- 
stitution of the carbon—nitrogen skeleton and the position of the 
substituents. ; 

Emetine and cephaeline cannot be reduced by the action of 
either tin and hydrochloric acid or sodium and alcohol, but psycho- 
trine is reduced by either reagent; with sodium and alcohol, a 
mixture of cephaeline and isocephaeline is produced, whilst with 
tin and hydrochloric acid isocephaeline is again produced in small 
yield, and it is probable that cephaeline is also formed, although 
this has not yet been proved. 

Oxidation of emetine and cephaeline has given interesting results, 
which are different in the two cases. When emetine hydrochloride 
is boiled with a large excess of aqueous ferric chloride and the 
solution is extracted with chloroform, a new scarlet hydrochloride 
is removed. This substance, which is formed in a yield of about 
35 per cent. of the theoretical, has been designated rubremetine 
hydrochloride. The corresponding hydrobromide and hydriodide 
have been prepared from it by double decomposition with potassium 
bromide and iodide, and analyses of these salts lead to the general 
formula Cy9H;0,N,,HX. The substance is incapable of forming 
diacidic salts, and one nitrogen atom has therefore been rendered 
non- (or only feebly) basic. Its formation from emetine requires 
the removal of eight hydrogen atoms from this compound, and it 
appears to us that one of these hydrogen atoms has been removed 
from the imino-group, forming perhaps a compound of the acridine 


type: 


CHR CR 
ys ey 
| | — , | | 
ey ode 
NH N 


The nature of the second nitrogen atom in this compound is still 
somewhat uncertain, but the strength of the base, and its facility 
for decomposition, suggest that this nitrogen atom is quaternary 
in character. 

The behaviour of cephaeline hydrochloride when oxidised with 
aqueous ferric chloride is quite dissimilar. No compound analogous 
te rubremetine is formed, but a mixture of two crystalline hydro- 
chlorides* is obtained. One of these (A) is obtained only in a 
yield of about 2 per cent. It is bright yellow, has the formula 


* The formule assigned to these salts in our preliminary note (P., 1913, 29, 226), 
have been found to be incorrect. 


+ niall 
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C,3;H,,0,NC1,HCl, and contains at least two methoxyl groups. The 
corresponding base is crystalline, and is insoluble in aqueous sodium 
hydroxide. The second crystalline hydrochloride (B) is obtained 
in a yield of more than 10 per cent. It is buff-coloured, has the 
formula C,,H,,O,;NCl,,HCl, and contains two methoxyl groups 
The corresponding base is readily decomposed by the action of cold 
aqueous sodium hydroxide, chlorine being eliminated, and a colour- 
less, crystalline derivative formed. This substance has the formula 
CypHo0;N ; it is soluble in water, and is neutral in character. It 
is clearly formed from the base, C,,H;,O,NCl,, by the replacement 
of the two chlorine atoms by hydroxyl groups. Investigation of 
this compound should prove of interest. 

The oxidation of emetine with potassium permanganate in 
aqueous acetone has also given an important result. The products 
obtained were mainly uninviting in character, and could not be 
crystallised, but a small amount of 6: 7-dimethoxyzsoquinoline-1- 
carboxylic acid (I) was isolated in a crystalline form. This was 


0-00, H 
Meo/ \w MeO,” \CO,H , 


(I.) (II.) 


identified by direct comparison with a specimen prepared by the 
oxidation of papaverine by Goldschmiedt’s method. Like this acid, 
it gave 6: 7-dimethoxyzsoquinoline by the loss of carbon dioxide 
when heated, and this base was also satisfactorily identified. 
Emetine, cephaeline, and psychotrine are therefore derivatives of 
isoquinoline. 

On another occasion, the oxidation of various emetine residues 
gave a small yield of m-hemipinic acid (II). This result, as also 
the catechol reaction shown by noremetine, is explained by the 
discovery of 6: 7-dimethoxyzsoquinoline-l-carboxylic acid amongst 
the oxidation products of emetine. No crystalline products could 
be isolated by the oxidation of cephaeline with potassium 
permanganate.* 

Emetine and cephaeline are levorotatory bases yielding dextro- 


* Within the last few days, Windaus and Hermanns (Ber., 1914, 47, 1470) have 
described the formation of m-hemipinic acid and m-hemipinimide by the oxidation 
of emetine, and claim that thereby the presence of a dimethoxybenzene nucleus in 
emetine is established, and the presence of a dimethoxyisoquinoline ring is rendered 
probable. It is clear therefore that they have overlooked our preliminary note of 
nearly" a year ago(P., 1913, 29, 226), in which the oxidation of emetine to 
m-hemipinic acid and 6 : 7-dimethoxysoquinoline-1-carboxylic acid was recorded. 
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rotatory salts. Psychotrine salts are likewise dextrorotatory. The 
specific rotatory powers of emetine base, and the salts of emetine, 
cephaeline, and V-methylcephaeline, vary to a remarkable extent 
with the concentration in dissociating solvents, although not in 
non-dissociating solvents. For instance, in the case of emetine 
hydrochloride dissolved in water, the specific rotation is approxi- 
mately doubled by increasing the concentration nine times. On the 
other hand, psychotrine sulphate does not exhibit this property, 
although so nearly related. 

The specific rotatory power, calculated for the base or the basic 
ion, of the different salts of a base, is generally considered to be 
constant when taken at the same concentration. Emetine shows 
very remarkable properties in this respect. The rotatory power of 
aqueous solutions of its hydrochloride, hydrobromide, sulphate, and 
acetate was found to differ considerably at equal concentrations; 
thus, at a concentration representing in each instance 2°6 per cent. 
of alkaloid, there was found: 


For the Hydrobromide [a], of basic ion ............ssseseee +20-4° 
sa Hydrochloride __,, - a (s igsideatdapionianmes +18-3° 
» Acetate Se etae aie, ea a a +13-4° 
» Sulphate = i + Sa ONS PERRI AK * + 12-2? 


The bearing which these facts have upon the condition of the 
substance in solution will probably prove of interest to the physical 
chemist. 

The purely chemical results obtained up to this point are con- 
siderably illuminated by the spectroscopic investigations of Dobbie 
and Fox (see following paper). These authors have pointed out 
that, in the numerous cases which they have examined, the spec- 
trum of an alkaloid is due to the unsaturated rings which it 
contains. They find that emetine, cephaeline, and the cephaeline 
oxidation product (B) have the same type of spectrum, namely, 
that of a homologue of catechol, whilst that of 6: 7-dimethoxyiso- 
quinoline-l-carboxylic acid is entirely different. These results 
suggest that the nucleus of the latter compound is present in the 
reduced form, or in other words, that emetine and cephaeline 
contain a reduced isoquinoline ring, and, further, that the un- 
saturated ring present in emetine and cephaeline is also to be found 
in the simpler cephaeline oxidation product B. The absorption 
spectrum of psychotrine is entirely different from that of emetine 
and cephaeline. On reduction, psychotrine combines with two 
atoms of hydrogen, forming the two isomeric imino-bases, cephae- 
line [a], —44° and tsocephaeline [a], —72°. It seems possible that 
these two bases are stereoisomeric, and that their simultaneous 
formation by the reduction of psychotrine is due to the saturation 
of a double linking connecting a nitrogen atom with a carbon atom 
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capable of being rendered asymmetric by the addition of a 
hydrogen atom, thus: 


gER = 
C 


CH 
\4 \w +He \( \NH 
A cE, > A Bs 
CH. CH, 
Psychotrine. Cephaeline and isocephaeline, 


According to this explanation, the optical activity of psychotrine 
is due to constituents of the grouping indicated by C=R, whilst 
the differing specific rotatory power of cephaeline and zsocephaeline 
is due to the asymmetry of the l-carbon atom of the isoquinoline 
ring. 

EXPERIMENTAL. 


The alkaloids employed in this investigation were prepared from 
Brazilian ipecacuanha root. The method of preparation having 
been previously described by Paul and Cownley (Joc. cit.), it is 
unnecessary to do so in the present paper. 

From roots which gave on analysis 2°7 per cent. of total alkaloid, 
we were able to isolate in pure condition: 

1°35 per cent. of emetine, 
0°25 per cent. of cephaeline. 

A satisfactory yield of psychotrine was not obtained, but the 
amount present appears to be very small. That part of the total 
alkaloid which was not obtained in a crystalline form is chiefly 
contained in the fraction which is soluble in sodium hydroxide, 
partly in the mother liquors of the cephaeline, but largely in those 
of the psychotrine. 

In order to prove that the very carefully purified emetine 
employed was not a mixture of difficultly separable substances, 
1600 grams of its hydrochloride were recrystallised three times 
from water, using 9000 c.c., 7000 c.c., and 1200 c.c. successively. 
From the last, 64°5 grams of crystalline hydrochloride were 
obtained, constituting the least soluble fraction. The first mother 
liquor from the 9000 c.c. was concentrated to 1000 c.c., cooled, and 
a crop removed ; the liquor was next concentrated to 300 c.c., and 
a further crop removed, and finally evaporated to 50 c.c., which 
yielded 15°7 grams of crystalline hydrochloride, representing the 
most soluble fraction. 

The first and last fractions were alike in all respects, and analyses 
showed them to have the same composition. 
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The Properties of Emetine and its Salts. 


Emetine may be prepared: (a) as a colourless, white, amorphous 
powder by precipitation with dilute alkalis from aqueous solutions 
of its salts, or (b) as a pulverulent, colourless varnish by the spon- 
taneous evaporation of a solution in an immiscible solvent employed 
for extracting the precipitated alkaloid from water. In the latter 
instance, ether may best be employed, and the solvent should be 
dispersed without heat, otherwise a certain amount of coloration 
takes place even in a vacuum. It is readily soluble in methyl, 
ethyl, and amyl alcohols, ethyl acetate, ether, acetone, or chloro- 
form, less so in carbon tetrachloride, light petroleum, or benzene. 
Attempts to crystallise it from the above solvents have so far 
failed. 

It is sparingly soluble in water, but may be titrated, using 
WV /10-acid and alkali and cochineal as indicator, with reasonable 
accuracy. 

It melts at 74° (corr.). 

The analytical results of those previous investigators who have 
prepared the base from a crystalline salt are as follows: 

Glénard: C=72°4, 72°1; H=86, 86; N=5°3, 5:4. 

Paul and Cownley: C=72°2, 71°38; H=8'7, 90; N=5'7. 

Hesse: C=72°0, 72°70; H=81, 81; OMe=23°7. 

Owing to the fact that emetine alkaloid undergoes loss, pre- 
sumably of water at 100°, and at this temperature it is rapidly 
coloured, it is not a very satisfactory subject for analysis, it being 
better to employ salts for this purpose; we have, however, obtained 
the following results: * 

C=72°1, 72°7, 72°5, 72°4, 72°4, 71°8, 72°0, 72°2, 72°7, 72°5. 

H=8'3, 8°4, 83, 82, 82, 81, 81, 83, 87, 84. 

The means of our ten analyses of the base, dried at 100°, are, 
therefore, 

C=72°33; H=8°'31. 
CygHypO,N, (480°3) requires C=72°5; H=84; N=5°8 per cent. 
Cyp9HO,N, (494°4) 1” C=72°3; H=86; N=57 -, » 

The molecular weight of emetine was determined both by Hesse 

and by Paul and Cownley by the ebullioscopic method in a number 


* Owing to the very large number of analyses required for the determination of 
the composition of these alkaloids, the results are given without analytical details. 
The substances were dried at 100° for analysis, except where otherwise stated. For 
the determination of carbon and hydrogen they were nearly always mixed with 
copper oxide and burnt in a tube filled with lead chromate. Low and in- 
consistent results for carbon were obtained with many of these compounds when 
burnt in an open boat. Nitrogen was determined by the absolute method. 
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of solvents, and the results indicated a molecular weight corre- 
sponding with a content of two atoms of nitrogen, except in the 
latter authors’ experience in ether, where a molecular weight of 
half this amount was indicated. Paul and Cownley point out that 
emetine is decomposed by boiling solvents, forming coloured 
products. 

We have therefore determined-the molecular weight of emetine 
(air-dried) in benzene solution, both by the ebullioscopic and cryo- 
scopic methods, and in each case have obtained a result indicating 
that the molecule contains two atoms of nitrogen. 

By the ebullioscopic method : 


0°1156 in 16°33 benzene gave At+0°040°, M.W.=462. 
_ 02716 ,, 1633 __s,, » At+0°090°. a =. 
0°4000 ,, 16°33 2 »  At+0°133°. 9% 480. 


By the cryoscopic method : 


0°0854 in 19°26 benzene gave A¢—0°050°. M.W.=443. 

0°3736 ,, 19°26 J 9 At—0°215°. % 451. 

0°5330 ,, 19°26 * ‘5, At—0°310°. - 446. 
Cy9H50,N, requires M.W. =480. 
CypHysO,No ~ 5, 5 = 494. 


Support is lent to these molecular-weight determinations by the 
following facts. Emetine forms neutral salts containing one 
equivalent of acid for each nitrogen atom; if the emetine molecule 
contains two nitrogen atoms, some evidence of the formation of 
basic salts should be obtainable. Such evidence is now afforded by 
the following experiment, which shows, however, that the basic 
salts of emetine are readily dissociated. 0°2580 Gram of air-dried 
base (=0°2498 gram of anhydrous base) was dissolved in 11°00 c.c. 
of V/10-H,SO,, and titrated back with V/10-KOH, using methy]l- 
orange; 0°40 c.c. of the alkali was required, whence 10°6 c.c. of 
N /10-H,SO, were required to neutralise the base. The calculated 
quantity of WV /10-H,SO, required to neutralise this amount of 
emetine (of M.W. 480) is 10°8 c.c. The addition of V/10-KOH 
was then continued until a faint, permanent turbidity was pro- 
duced. This required 5°95 c.c., or approximately sufficient to 
neutralise one-half the acid added. This solution when gently 
warmed became milky, and deposited emetine base. Ether 
extracted from it nearly half the total quantity of emetine in the 
solution. ; 

On the other hand, it must be recorded that a molecular-weight 
determination by Barger’s microscopic method was made for us 
by Mr. H. J. Cross, to whom we wish to express our best thanks, 
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and the result obtained is in agreement for a formula containing 
only one V-atom: 
0°0910 in 0°8614 chloroform=0°42 molar azobenzene. M.W.=252. 


Emetine base is levorotatory, and its specific rotatory power 
varies in a remarkable degree, according to the concentration of 
the solution. Observations, employing 50 per cent. alcohol, gave 
the following results: 

@,—2-69°, c= 4-118, 1=2-dem. [a]p —32-7° 
@,—2-26°, c=3-66. 1=2-dem. [a], —30-9° 
a,— 1-60°, c= 2-746, 1=2-dem. [a], —29-1° 
a@p— 0-93°, c= 1-805, =2-dem. [a], —25-8° 

When plotted on squared paper, these observations are seen to 
lie upon a straight line. 

Where a non-dissociating solvent is employed, the specific rotatory 
power does not vary with the concentration; thus there was found 
for the base in dry chloroform : 

a,—4-80°, c= 4-828, 1=2-dem. [a]p —49-7° 
@,—3-26°, c=3-28, 1=2-dem. [a], —49-7° 
@—2+17°, c=2-165, 1=2-dem. [a], —50-1° 

The records of previous investigators having left the need of a 
more complete characterisation of the crystalline salts of emetine, 
this work has accordingly been undertaken; at the same time, it 
has been necessary to make a large number of analyses of them 
in order to establish the formula of emetine. 


Emetine Hydrochloride. 


This salt crystallises from hot water in colourless, woolly needles, 
or, if a cold saturated solution be allowed to evaporate, thicker, 
transparent prisms may be formed. Paul and Cownley (Pharm. 
J., 1894, [iii], 25, 373) found the water of crystallisation in the 
salt obtained from water to be equivalent to 6H,O, and Keller 
(Arch. Pharm., 1911, 249, 519) records that 3H,O was found in 
the salt crystallised from 96 per cent. alcohol. We find that the 
crystals obtained from water retain 7H,O when dried in the air 
until of (practically) constant weight, and that, crystallised from 
methyl alcohol, it contains 34H,O. 

It has no sharp melting point. After drying at 100° it sinters 
at 235°, gradually becomes transparent up to 255° (corr.), when it 
effervesces. 

It is slowly soluble in cold water; 13°1 grams of the hydrated 
salt, when made up to 100 c.c. with water, form a saturated solu- 
tion at 18°. It is much less soluble at lower temperatures or in 


dilute hydrochloric acid. 
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' Hitherto, very few analyses of this salt have been carried out. 


- The results are as follows: 
C. H. N. Cl. 


Gime ercccccccescoscccccccccccccccccoccces 63-0 8-2 4-8 12-46 
Paul and Cownley ...........sscceeeeeeees — — — 12-48 
Frerichs and de Fuentes Tapis ...... + Zs —_ _ 
12-57 
TROMNED seccissscscccncsecsssasscscccsescsssesss _ —- “— 12-47 


A large number of analyses of this salt have now been made on 
different samples of the pure salt prepared by ourselves. The loss 
on drying the air-dried salt at 100° was as follows: 

H,O =17°4, 19°0, 18°2, 18°4, 17°3, 19°2. 

Cy9HO,N,,2HC1,7H,O requires H,O=18°5 per cent. 

For the determination of carbon and hydrogen, the salt was 
usually dried first in a vacuum over sulphuric acid, then at 100°, 
and finally at 105—110° until constant in weight: 

C=63'1, 62°9, 62°8, 62°8, 62°6, 62°1, 62°5, 62°5. 

H= 78, 77, 79, 79, 79, 7:3, 79, 8:0. 

C=62°8, 62°6, 62°6, 62°4, 62°2, 62°3, 62°5, 62°2. 

H= 75, 76, 78, 78, 78, 75, 77, 8-0. 

Cl=12°81, 12°64, 12°78, 12°45, 12°58. 

OMe=21°7, 21°0, 21°1, 21:1. NMe=0. 


In addition to the above, a number of analyses in which the 
carbon figure was too low was obtained ; this is apparently due to 
a difficulty which this compound presents, a difficulty which is best 
overcome by mixing the substance with copper oxide. 

The mean results of our above analyses of emetine hydrochloride 
are as follows: 


C=62°55; H=7°78; Cl=12°65; OMe=21°2. 

CogH490,N2,2HCl (553°4) requires C=62°88; H=7°67; Cl=12°82; 
40Me=22'4 per cent. 

C3yHyO,N2,2HCl (5674) requires C=63°46; H=7°83; Cl=12°50; 
40Me=21°9 per cent. 

Emetine salts are dextrorotatory, and, as in the case of the base, 
the specific rotatory power varies considerably, according to the 
concentration. Observations of the hydrochloride dissolved in 
water gave the following results: 


Calculated for 


Anhydrous salt. Basic ion. 
ap+3-38°, c=8-08, 1=2-dem. [a]p +20-9° + 24-0° 
a@p+2-47°, c=6-47, 1=2-dem. [a], +19-1° +21-9° 
ay+ 1-66°, c=4-86, 1=2-dem. [a],) -+17-1° -+-19-6° 
ay+0-98°, c=3-26, 1=2-dem. [alo +15-0° +17-2° 
ay+0-52°,c=2-00, 7=2-dem. [a] -+13-0° + 14-9° 
a p+0-21°, c=0-936,1=2 dem. [a], -+11-2° +12-9° 
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‘Thus it willbe seen that the variation is remarkable, the rotation 
being approximately doubled by increasing the concentration nine 
times. When plotted on squared paper, these points lie in a 
nearly straight line. 

The effect which dilution has upon the rotation is dependent 
upon the amount of dissociation, for the addition of an excess of 


The specific rotatery power of anhydrous emetine hydrochloride at 
different dilutions in water. 


Concentration per cent. 
_ 


+11° 19° 18° 14° 15° 16° 17° 18° 19° 20° 21° 
Specific rotatory power. 


hydrochloric acid causes a considerable rise; thus, using 5 per cent. 
hydrochloric acid as the solvent, there was found: 
ap+1-04°, c=2-02, l=2, [a], +25-7° 
In chloroform, emetine hydrochloride is also dextrorotatory ; 
observations of the anhydrous salt made at two dilutions showed, 


as was expected, no variation: 
Calculated for 


Anhydrous ion. Basic ion. 
a@p+1-85°, c=1°74, J=2-dem. . [a], +53-1° +60-9° 
ay+0-92°, c=0-87, 1=2-dem. [a], +53-0° + 60-8° 


Emetine Hydrobromide. 


This salt crystallises from water in long, slender, colourless 
needles containing 4H,O after being dried in the air. Paul and 
Cownley (Pharm. J., 1898, [iii], 7, 100) state that whilst the com- 
mercial salt contains 4H,O, that prepared by them contained 
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18H,O until allowed to effloresce in the air. Keller found 2H,O 

in the salt crystallised from 50 per cent. alcohol. It does not melt 
sharply, but commences to sinter at 245°, and melts from 250° 
to 265° (corr.). 

It is sparingly soluble in cold water. One hundred c¢.c. of a 
solution saturated at 17—18° contain 1°9 grams of the hydrated 
salt. Like the hydrochloride, it is less soluble in the presence of 
the acid. It is readily soluble in hot water. 

Previous investigators have obtained the following results: Paul 
and Cownley, Br=24°75, and Keller, Br=25°3, calculated in each 
case for the anhydrous salt. 

The loss on drying different specimens of air-dried salt at 100° 
was: 

10°2, 9°4, 10°4, 10°7, 10°3. 

Cy9H4g0,N,,2HBr,4H,O requires H,O=10'1 per cent. 

For carbon and hydrogen determinations the salt was dried 
at 100°, and in some cases at 110°: 

C=54'1, 54°3, 54°5, 54°1, 53°7, 54°4, 54°3, 54°0, 54°4. 

H=6'7, 6°5, 71, 6°9, 6°8, 6°7, 6°9, 6°9, 6°8. 

Br=24°7, 24°6, 24°8, 24°7, 24°7. 

The means of these results are as follows: 

C=54:2; H=6'8; Br=24'7. 
Cy9HygO,N.,2HBr (642°2) requires C=54'2; H=66; Br=24°89 
per cent. 
Cy Hy0,No,2HBr (656°2) requires C=54°9; H=6°77; Br=24°36 
per cent. 

The specific rotatory power calculated for the basic ion is higher 
than that of the hydrochloride; there were found for emetine hydro- 
bromide in water : 

Calculated for 


Anhydrous salt. Basic ion. 
ay-+1-05°, c=3°85, l=2-dem. [a],-+-15-2’ + 20-4° 
a,+0-80°, c=3-19, 1=2-dem. [a],-+13-9° -+ 18-5° 
a,-+ 0-44’, c=1-95, 1=2-dem. [a], +12-6° -+-16-8° 
a,,+0-30°, c= 1-385, l=2-dem. [a],-+-12-1° -+-16+1° 


Emetine Hydriodide. 


This salt is sparingly soluble in water, and is formed by adding 
a solution of potassium iodide to a solution of a more soluble 
emetine salt. It crystallises from alcohol in a mass of colourless 
needles. After sintering at about 230°, it melts at 235—238° 
(corr.). 

The only previously published analyses of this salt are some 
iodine and water determinations by Keller, who found I=33°7, 


VOL. CV. 5M 
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33°8, and 33°8 in the anhydrous salt, and H,O=5°86, 6°7, and 
6°97 in the hydrated salt; the latter figures are in agreement with 
3H,O, but by a misprint the salt is represented as containing 
2H,O. We have found that the air-dried salt lost 6°9, 5°8, 5:4, 
and 6°3 per cent, on drying at 100°: 
Cy9H,,0,N,,2HI,3H,O requires H,O=6°8 per cent. 
The results of analysis are given below. The salt was dried at 
100° in some instances, and at 120° in others: 
C=47'5, 47°6, 47°6, 47°5, 46°8, 47°0, 47°2, 47°9, 47°9, 47°8. 
H= 5°7, 5°8, 5°9, 56, 6°0, 5°8, 5°7, 61, 61, 5°9. 
I=34'4, 33°6, 34°3, 33°8, 34°3, 34°3. 
OMe=14'5, 15°2, 15°6. NMe=0. 
The means of these results are as follows: 
C=47'48; H=5°86; [=34:1; OMe=15'l. 
Cy9HyO,N2,2HI (736°2) requires C=47'3; H=5°8; I[=34'5; 
4O0Me=16'8 per cent. 
Cy9HyO,N2,2HI (750°2) requires C=48'0; H=5°9; I=33'8; 
40Me=16'5 per cent. 


Emetine Nitrate. 


Emetine nitrate is precipitated when a solution of potassium 
nitrate is added to a solution of emetine hydrochloride or other 
soluble salt, but is best prepared by shaking an ethereal solution 
of the base with dilute nitric acid, and dissolving the oily clot 
which separates in alcohol. It crystallises from alcohol or water in 
rosettes of fine, silky, colourless needles. It is sparingly soluble 
in water; 100 c.c. of a solution saturated at 17—18° contain 3°7 
grams of hydrated salt. 

It has no sharp melting point, but sinters at 188°, and gradually 
melts up to 245° (corr.). 

The results of analysis of this salt were as follows: 


Loss of water on drying at 100°, 6°7, 7°2, 7°9. 

Cy9HypO,N2,2HNO,,3H,O requires H,O=8'2 per cent. 
C =57°4, 57°6, 57°56, 57°5, 5771, 57°0, 57°1, 58°2, 58°5, 58-0. 
me 73, 4, Ti, Fl, 7, 76, Ti, TH, 73, TH. 
The means of these results are: 

C=57'6; H=7°3 

CopHypO,No,2HNO, (606°4) requires C 
Cy9HyO,No,2HNO, (620°4) " C= 


at i eke bei 
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Emetme Sulphate. 


This salt has hitherto been obtained only in an amorphous condi- 
tion, but it may be obtained in white, woolly needles containing 
7H,O. It is not deliquescent, and readily loses its water of 
crystallisation. It is extremely soluble in water, forming a syrup 
when 1 gram is dissolved in 1 c.c.. It sinters at 205°, and gradu- 
ally melts up to 245° (corr.). 


Analysis of the salt gave: 


Loss of water on drying at 100°, 18°5, 18°1, 17°4. 
Cy9HyO,N,,H,SO,7H,O requires H,O=17°9 per cent. 
C=60'1, 60°0, 59°6. SO,=16°7, 16°4. 
H=7°4, 7°3, 7°3. 
Cy9HypO,N,,H,SO, (578°4) requires C=60°2; H=69; SO,=16°6 
per cent. 
CugHyO4No,H SO, (592°4) requires C=60°8; H=7:1; SO,=16°2 
per cent. 


The specific rotatory power varies with the concentration, as in 
the case of the other salts. Calculated for the basic ion, the figure 
obtained is considerably lower than that calculated for the hydro- 
chloride at the same concentration. 

Calculated for 


Anhydrous salt. Basic ion. 
ay+0-63°, c=3-13, l=2-dem. [a], +10-0° +12-1° 


Emetine Platinichloride. 


This salt separates in the usual manner as an amorphous, buff- 
coloured precipitate. It could not be crystallised. After drying 
at 100°, it begins to sinter at 253°, gradually blackens, and de- 
composes at 265° (corr.). Keller gives the melting point as 
248—249°. 

Previous investigators found the following results on analysis: 
Paul and Cownley, Pt=21°63; Hesse, Pt=21°48, 21°86; and 
Keller, Pt=21'52. These figures are, on the whole, in better 
agreement with the new formula proposed by us, and our own 
analyses confirm the higher value. We obtained: 


Pt=21'77 and 21°68. 
CoH y9O,N,,H,PtCl, (890°3) requires Pt=21°92 per cent. 
C59 HygO,N.,H,PtCl, (904°3) » Pt=21°58 ” ” 


3M 2 
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Emetine Acetate. 


Attempts to crystallise this salt have failed. In view of the 
variation in specific rotatory power in different salts of emetine, it 
was thought desirable to determine the value for this salt: 


Calculated for 


Anhydrous salt. Basic ion. 
a+ 1-57°, c= 6-224, 1=2-dem. [a]p+12-6° + 15-7° 
ap+0-68°, c=3-20, J=2-dem. [a],+10-6° + 13-2? 


The Properties of Cephaeline and its Salts. 


Cephaeline.—Pure cephaeline may best be prepared by recrystal- 
lising from ether the base generated from a salt such as the hydro- 
bromide or hydrochloride, which has been many times recrystal- 
lised from water. It is obtained from ether in colourless needles 
which, after being dried in the air, sinter at 106° and melt at 
115—116° (corr.), but after drying at 100° melt gradually from 
120° to 130°. Frerichs and de Fuentes Tapis stated that cephaeline, 
when air-dried, melts at 88°, but that after drying at 80° it melts 
at 119—120°. Paul and Cownley gave the melting point as 102°, 
and Keller found 104—105°. It is readily soluble in chloroform, 
alcohol, or acetone, and less so in ether or petroleum. Solutions 
in organic solvents become coloured when kept. As already stated 
by Hesse, when dried at 100° the base suffers loss of weight even 
after drying in a vacuum; at the same time it becomes coloured. 

Very few analyses of cephaeline have been made by previous 
investigators. Paul and Cownley found, C=71'28; H=8'69; 
N=6'24. Hesse found, C=71°84; H=811; OMe=16°87, 17°11. 

The following are the results of our analyses of the substance: 

C =71°8, 72°0, 71°5, 71°3, 71°3, 71:1, 71:4, 71°8, 72°0. 

H= 82, 81, 82, 83, 80, 80, 79, 81, 7:9. 

C =71°5,* 70°8,* 71:0,* 70°2.* 

H= 86, 85, 86, 83. 

OMe=19'2, 19°6, 19°4. NMe=0. 

The means of these analyses of the base, dried at 100°, are: 

C=716; H=8:08; OMe=19°4; 
these results are in agreement with the formula proposed by Hesse, 
namely, CygH3.0,N, (466°3), which requires C=72°0; H=8'1; 
30Me=19°9 per cent. 

Molecular-weight determinations recorded by previous workers, 
employing the ebullioscopic method, are: 


* Dried in a vacuum at the ordinary temperature. 
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Paul and Cownley: In alcohol, 563. 
Hesse: In ether, 956; in benzene, 993; and in chloroform, 461. 


We found by the ebullioscopic method in chloroform: 
0°1340 dried at 90° in 24°05 chloroform gave At+0°040°. 


M.W.=510. 
0°2630 dried at 90° in 24°05 chloroform gave At+0°087°. 
M.W.= 460. 


A determination by Barger’s microscopic method, kindly made 
by Mr. H. J. Cross, gave: 


0°0896 in 1°0746 chloroform=0°17 molar azobenzene, whence 
M.W. =490. 


The mean of these three results is 487. C,.,H0,N, requires 
M.W.=466. This indicates that cephaeline is represented by a 
formula containing two nitrogen atoms; this view is confirmed by 
the behaviour of cephaeline on titration with acid and alkali, there 
being indication, as in the case of emetine, of the existence of a 
basic salt, as shown by the following experiment. 

0°2062 Gram of anhydrous base was dissolved in 10 c.c. of 
N/10-H,SO,, and titrated back with V/10-KOH, using methyl- 
orange; 0°95 c.c. of the alkali was required to neutralise the solu- 
tion, whence 9°05 c.c. V/10-H,SO, were required to neutralise the 
base. The calculated quantity required for this quantity of 
cephaeline base (of M.W. 466) is 9°30 c.c. for two equivalents of 
acid. W/10-KOH was now added until a faint, permanent 
turbidity was produced; this required 4°35 c.c., or approximately 
sufficient to neutralise half the acid added. More V/10-KOH pro- 
duced at first a precipitate, which then redissolved. A further 
quantity of 9°55 c.c. was required exactly to produce and redissolve 
this precipitate. 

Cephaeline, like emetine, appears, therefore, to form a soluble 
basic salt. It is very unstable, and on heating the solution nearly 
half the base is deposited. 

Cephaeline is levorotatory. A determination of the specific 
rotatory power of the base dissolved in chloroform gave: 

a )— 1-82°, c=2°207 (of anhydrous base containing 4°9% H,O), /=2 dem 

[a], —43°4° calculated for the anhydrous base. 

Very little has previously been known about the salts of 
cephaeline ; the hydrochloride alone has been described as crystal- 
line. We have succeeded in crystallising also the hydrobromide, 
but the hydriodide, nitrate, and sulphate have resisted all attempts 
to crystallise them. 
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Cephaeline Hydrochloride. 


Paul and Cownley first prepared this salt in rhombic crystals, 
B,2HC1,6H,O. They found Cl=13°1 per cent. in the anhydrous 
salt. Later, Frerichs and de Fuentes Tapis analysed the salt, and 
found C=61°8, 62°2, and H=7°7, 7°6. 

It crystallises from dilute hydrochloric acid in stout, granular 
prisms, but from water it forms fine, powdery crystals. We con- 
firm that these crystals, when air-dried, retain water of crystallisa- 
tion, but we find the amount to be in better agreement for 7H,O 
than for 6H,O. It has no sharp melting point, and is hardly 
distinguishable from emetine hydrochloride by this means. It 
sinters at 245°, and gradually melts up to 270° (corr.). It is 
readily soluble in water ; 100 c.c. of a solution saturated at 17—-18° 
contain 26°5 grams of the hydrated salt. Both the dry salt and its 
solutions become yellow on keeping. 

The air-dried salt lost on drying at 100° H,O=18'4, 19°1. 

CogH;,0,N.,2HC1,7H,O requires H,O=18°9 per cent. 

Analyses of cephaeline hydrochloride, dried at 100°, have given 
the following figures: 

C=61°9, 62°1, 61:9, 62°6, 61°6, 61°8. 

H=7°6, 83, 7°7, 81, 8°3, 8:0. 

Cl=13°0, 13°08, 13°15, 13°09. 

The means of these results are as follows: 

C=62°0; H=80; Cl=13°08. 

C.,H3g0,N.,2HC1 (539°3) requires C=62°3; H=7°5; Cl=13'15 
per cent. 

Cephaeline hydrochloride is dextrorotatory, and, as in the case 
of emetine, there is a considerable variation in the specific rota- 
tory power at different dilutions. 


We found: 
Calculated for 
Anhydrous salt. Basic ion 
a, +3-97°, c=6-72, 1=2-dem. [a]p +29-5° +34-0° 
ap+2-49°, c= 4-48, l=2-dem. [a], +27-8° +32-0° 
ay+1-88°, c=3-52, 1=2-dem. [a], +26-7° +30-7° 
a,-+0-84°, c= 1-68, 1=2-dem. [a], +25-0° +28-8° 


Cephaeline Acid Hydrochloride. 


In addition, cephaeline forms a more acid hydrochloride, which 
separates from strongly acid solutions in fine needles, melting at 
84—86°. One part dissolves in twenty parts of water at 18°. It 
loses hydrogen chloride during drying, therefore it could not be 
readily analysed, but by a titration of the wet salt 0°27 gram was 


CARR AND PYMAN: THE ALKALOIDS OF IPECACUANBA. 1611 


found to require 8°1 c.c. of V/10-NaOH to neutralise it, a further 
2°7 c.c. to render it permanently turbid, and again 5°0 c.c. com- 
pletely-to precipitate and redissolve the alkaloid, from which it may 
be concluded that since the amount required to render the neutral 
solution turbid is the equivalent of one molecular proportion, the 
salt contains, in all, five molecular proportions of HCl, and may 
be represented by the formula C.,H,,0,N.,5HCl. 


Cephaeline Hydrobromide. 


Although previously described as amorphous, cephaeline hydro- 
bromide may be crystallised from dilute hydrobromic acid, pro- 
vided that the alkaloid from which it is prepared is not very 
impure. It forms colourless prisms which, when air-dried, retain 
about 7H,O. One hundred c.c. of water saturated at 17—18° 
contain 5°4 grams of the salt, dried at 100°. It does not melt 
sharply, but commences to sinter at 266°, and gradually melts up 
to 293° (corr.). 

It rapidly becomes coloured brown when heated at 100°, and 
behaves similarly when kept at the ordinary temperature for a 
longer period. Two specimens of the salt were found to lose, re- 
spectively, 16°1 and 14°1 per cent. on drying at 100°. 

C.,H,,0,N,,2HBr,7H,O requires H,O=16°7 per cent. 

Analyses of the salt, dried at 100°, gave the following results: 

C=53'1, 53°0, 54°2, 53°3, 53°1, 53°4. 

H=6°9, 6°9, 6°7, 6°9, 6°7, 7:0. 

Br= 24°77, 24°0, 24°53, 24°56, 24°1. 

The means of these analyses are: 

C=53'5; H=6°85; Br=24°4. 

C.3H;,0,N.,2HBr (628°2) requires C=53'49; H=6743; Br=25°45 
per cent. 


Cephaeline Sulphate. 


This salt was prepared by neutralising pure cephaeline with 
sulphuric acid. Several attempts to crystallise it from various 
solvents were unsuccessful. It is readily soluble in water or 90 
per cent. alcohol, less so in absolute alcohol or chloroform. It may 
be precipitated from an alcoholic solution by addition of acetone, 
and is thus obtained in a white powder. Prepared in this way, it 
melts at 230—235°. It lost 9°9 per cent. on drying at 100°, and 
there was found in the dried salt SO,=17°48. 


C.gH3,0,N,,H,SO, requires SO,=17°02 per cent. 
Cephaeline hydriodide is sparingly soluble in water. It 
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separates from water in oily globules, and could not be crystallised 
from other solvents. 

Cephaeline nitrate is readily soluble in water, from which it 
separates as an oil; it could not be crystallised from alcohol or 
acetone. 


The Properties of Psychotrine and its Salts. 


Psychotrine.—Pure psychotrine may be obtained by recrystal- 
lising the impure base from acetone, ethyl or amyl alcohols, or 
mixtures of these with ether. It crystallises from moist acetone or 
alcohol in large yellow, elongated prisms having a blue fluores- 
cence, and containing 4H,O. After drying at 100°, it commences 
to sinter at 120°, becomes quite transparent at 124—126° (corr.), 
and flows down the side of the tube at 138°. It is sparingly 
soluble in water, benzene, light petroleum, or ether, more readily 
soluble in acetone, chloroform, methyl, ethyl, or amyl alcohols. 
It forms a colourless solution in dilute aqueous sodium hydroxide, 
and give a white sodium salt with this in concentrated solution. 
It forms colourless solutions in strong acids. Concentrated 
sulphuric acid in excess dissolves it to a colourless solution, which 
becomes sherry-coloured on the addition of a drop of nitric acid. 
When added to an excess of Fréhde’s reagent, it yields, just as 
emetine does, a very pale green solution. 

A solution of the base in dilute hydrochloric acid yields a 
turbid solution when digested on the water-bath with ferric 
chloride. A solution of the base in water gives an oily precipitate 
with picric acid solution. Gold chloride, stannic chloride, and 
bromine water all give amorphous precipitates when added to 
solutions of psychotrine salts. 

No previous analysis of psychotrine has been recorded. On 
drying at 100° it loses water, H,O=13°2 and 13°7 being found. 

CygH3g0,No,4H,O requires H,O=13'4 per cent. 

Analyses of the base, dried at 100°, gave: 

C=73'0, 73°0, 73°2, 73°1. N=5°9, 6°0. 

H=8'2, 81, 7°8, 8°4. 

OMe=19°8, 19°6, 19°2. NMe=0. 


The means of the above figures are: 
C=73'1; H=81; N=5'95; OMe=19°5. 
C,,H3,0,N, (464°3) requires C=72°4; H=7'8; N=60; 
30Me=20°0 per cent. 
Since these figures show a ratio of three methoxyl groups 
to two nitrogen atoms, it may be concluded that the molecule con- 
tains two atoms of nitrogen. 
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By titration with WV/10-H,SO,, using methyl-orange, there was 
found the equivalent 232°7, whence M.W.=465. CygH,,0,No 
requires M.W.=464. 


Psychotrine Sulphate. 


This salt crystallises from water in shining scales of a faint 
yellow colour, and containing 3H,O. It is very readily soluble in 
water. After drying at 100°, it sinters at 207°, and melts at 
214—217° (corr.). 

The following are the results of analysis of psychotrine sulphate 
dried at 100°: 


Water lost at 100°=9°4, 8°8. 
C,,H,,0,N,,H,SO,,3H,O requires H,O=8'8 per cent. 
C=59'5; 594; H=7°0, 70; SO,=16°9. 
CygH3g0,No,H,SO, (562°4) requires C=59'7; H=6°8; SO,=17'1 
per cent. 

Psychotrine salts are dextrorotatory; the |a],, of psychotrine 
sulphate was found to remain constant at different concentrations ; 
thus there was found for the anhydrous salt: 


Calculated for 


Anhydrous salt. Basic ion. 
ap -+ 2-85", c=3-628, l=2-dem. [a], -+39-3° +47-4° 
a+ 1-39°, c= 1-814, l=2-dem. [a], +38-3° + 46-2° 
ay + 0-86", c= 1-095, l=2-dem. [a], + 39-2° + 47-3° 


Psychotrine Nitrate. 


This salt crystallises from water in colourless, silky needles con- 
taining one H,O. It is sparingly soluble in cold water, more 
readily in hot. After drying at 100°, it sinters from 165°, and 
melts at 184—187° (corr.). 

Analysis of the salt, dried at 110°, gave: 

Water lost.at 110°=2°8. 

CogH3,0,N,,2HNO;,H,O requires H,O=2°9 per cent. 

C=57'2, 57°3; H=6°6, 6°7. 

C.gH3,0,N.,2HNO, (590°3) requires C=56°9; H=6°5 per cent. 


Psychotrine Hydriodide. 


This salt crystallises from a slight excess of hydriodic acid in 
clusters of sulphur-coloured, microscopic needles. It is sparingly 
soluble in cold water. It sinters at 200°, and melts and decom- 
poses at 222° (corr.). 

Analyses of the salt, dried at 100°, gave: 
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Water lost at 100°=0°5. 
C=46'4, 46°2, 46°7, 46°7. [=34°5, 34°6. 
H=5'3, 5°5, 5°7, 5°7. 
Cy,Hy,0,N,,2HI (720°2) requires C=46°7; H=5°3; [=35°2 per 


cent. 


Benzoylemetine, CygHggO,N*CO-C,H;. 


14-4 Grams of pure hydrated emetine hydrobromide (equivalent 
te 10 grams of base) were regenerated by ammonia, and extracted 
with ether. The ethereal solution was dried with anhydrous 
potassium carbonate, and distilled to a volume of about 15 c.c. 
Twenty grams of benzoic anhydride were then added, and the clear 
oil was heated for two hours in the water-bath, the small amount 
of ether being allowed to escape. The product, a clear, yellow 
oil, was dissolved in ether and shaken with dilute hydrochloric 
acid, when benzoylemetine hydrochloride was partly extracted, but 
largely separated as a heavy oil, forming a third layer. The 
ethereal layer was separated, and washed once with dilute hydro- 
chloric acid. The combined aqueous and oily layers were again 
extracted with ether, and this washed as before, the washings, 
together with the aqueous and oily liquids, then being extracted 
four times with chloroform. This quickly removed all the benzoyl- 
emetine as hydrochloride, and the aqueous liquor after the extrac- 
tion contained merely a trace of alkaloid. 

The chloroform solution of benzoylemetine hydrochloride was 
well shaken with an excess of aqueous sodium carbonate, dried 
with anhydrous potassium carbonate, and distilled. The residue 
was then evaporated to dryness twice with a little alcohol to 
remove chloroform, dissolved in a little alcohol, inoculated with 
a crystal of benzoylemetine, and kept, when the base crystallised 
out. The yield was good, 9°7 grams being obtained in several 
crops, melting at 181° in the case of the first, down to 175° in the 
case of the last crop. The golden-brown, syrupy mother liquor 
was still depositing further small quantities of the base. The 
base was purified by crystallisation from alcohol. 

Benzoylemetine crystallises from absolute alcohol in clusters of 
white, prismatic needles, which melt at 185—186° (corr.). It is 
insoluble ip water or light petroleum, somewhat sparingly soluble 
in ether or cold alcohol, and readily soluble in ethyl acetate, 
acetone, benzene, chloroform, or hot alcohol. It suffers no loss 
at 190°. 


Found : 
C=74'3, 74°4, 74°2, 74:4, 74°4. 
H=7°7, 7°7, 7°77, 73, 77. N=4'7. 


SO let a he canes 
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OMe=20'5, 20°4. 
Cy,H,,0;N, (584°4) requires C=73°9; H=7'6; N=4°8; OMe=21°3 
per cent. 


Benzoylemetine is a monacidic base. Its aqueous alcoholic solu- 
tion reacts strongly alkaline, and can be titrated with acid, using 
cochineal, 0°5325 gram requiring 9°1 ¢.c. of WV/10-H,SO,, whence 
the equivalent weight is 585. Benzoylemetine dissolves in cold 
dilute aqueous acids, giving solutions which are precipitated by 
excess of the acid, by alkalis, or by the usual alkaloid reagents. 
No salts have yet been obtained in a crystalline condition. The 
hydrochloride and sulphate are somewhat sparingly soluble in 
water, and can be readily extracted even from dilute solutions by 
means of chloroform. 

The platinichloride was obtained as an amorphous, buff pre- 
cipitate by the addition of aqueous platinic chloride to a solution 
of 0°7 gram of pure benzoylemetine in 25 c.c. of water containing 
a slight excess of hydrochloric acid. This salt is insoluble in water, 
almost insoluble in alcohol, and readily soluble in acetone. After 
drying at 100°, it sinters from about 210°, and effervesces at 224° 
(corr.). (Found, Pt=12°48, 12°51. (CygH,,0O;N.)o,H,PtCl, requires 
Pt=12°36 per cent.) 

The methiodide is obtained as a colourless varnish by the action 
of methyl iodide on benzoylemetine. It is sparingly soluble in 
cold, more readily so in hot, water, and gives no precipitate with 
warm solutions of sodium carbonate or hydroxide. 

Benzoylemetine is not hydrolysed by boiling with hot dilute acids 
or alkalis. Even after heating for half an hour at 150° with an 
excess of 10 per cent. alcoholic potassium hydroxide, it can be 
recovered mainly unchanged, and no benzoic acid is eliminated. 

Keller’s ‘‘ Benzoylemetine.”—Keller (loc. cit.) prepared an 
amorphous compound, which he regarded as dibenzoylemetine, by 
the Schotten-Baumann method, as follows: 1 gram of emetine 
was well shaken with 6 grams of benzoyl chloride, 50 grams of 
20 per cent. aqueous sodium hydroxide, and 50 grams of ether. 
The two turbid layers were cleared by the addition of chloroform 
and separated. The ether-chloroform layer was distilled to about 
10 c.c., and precipitated with light petroleum. The product was 
collected, and washed with a mixture of ether and light petroleum, 
and formed a light yellow, amorphous powder. Keller found that 
it contained OMe=8°95, and its amorphous platinum salt 
Pt=11°24, per cent. 

We have repeated this preparation on two occasions, and on 
analysis of the dried product we were unable to confirm Keller’s 
figure for OMe, but found 15°9 and 14°4. For Pt in the platini- 
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chloride prepared according to Keller’s directions we found 11°7 
and 11°6. Further investigation showed that this substance was, 
in fact, the benzoate of benzoylemetine in crude form, for 
which these analytical results are in satisfactory agreement. 
(CygHO;No,CgH;-CO,H requires OMe=17°6. Pt in Pt salt= 
12°36 per cent.) It showed no tendency to crystallise, but could 
be separated into benzoic acid and benzoylemetine, as follows. 

The substance was dissolved in sufficient alcohol to render it 
liquid, and shaken with ether and dilute hydrochloric acid; the 
ether gave on evaporation benzoic acid. The acid liquor was 
extracted with chloroform, and the chloroform extract shaken with 
aqueous sodium carbonate, dried, and distilled. The residue, 
when dissolved in a little alcohol and inoculated with benzoy]- 
emetine, gave a copious crystallisation of this base. 

The formation of the benzoate of benzoylemetine by the method 
employed by Keller is not difficult to understand. 


Noremetine. 


Two grams of emetine hydrochloride were dissolved in 20 c.c. of 
concentrated hydrochloric acid, and heated in a sealed tube for 
three hours at 135—140°. After cooling, noremetine hydrochloride 
had separated from the acid liquor as an insoluble gum. The 
contents of the tube were washed out with water, and evaporated 
to dryness in a vacuum. The amorphous residue was then dis- 
solved in methyl alcohol, and precipitated in a granular form by 
the addition of acetone. 

Noremetine hydrochloride is a colourless, amorphous powder 
which is stable in the air. It is very readily soluble in methyl 
alcohol, fairly readily so in water, sparingly soluble in absolute 
alcohol, and insoluble in acetone. It is much less soluble in dilute 
hydrochloric acid than in water. All attempts to prepare this salt 
in a crystalline form were unsuccessful. The dried salt begins to 
sinter, and effervesce on heating in the neighbourhood of 240° 
(corr.). 

An aqueous solution of noremetine hydrochloride gave with 
hydrochloric acid a white precipitate of the hydrochloride; with 
ammonia or sodium hydroxide, a white precipitate of the base 
soluble in excess, giving a solution which turned brown in the 
air; with sodium carbonate, a white precipitate of the base in- 
soluble in ether, chloroform, or benzene; with ferric chloride a 
green colour, turning brownish-red on the addition of sodium 
carbonate; with a drop of dilute hydrochloric acid and sodium 
nitrite, a deep chestnut-brown colour, and amorphous precipitates 
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with picric acid, gold chloride, platinic chloride, and mercuric 
chloride. 

Noremetine hydrochloride dissolves in concentrated -sulphuric 
acid to a colourless solution, which becomes straw-coloured on the 
addition of a drop of nitric acid. It dissolves in Fréhde’s reagent 
with a deep indigo colour, which almost immediately changes to 
mauve, then through a neutral tint to a dull emerald-green. 

The salt was dried at 100° for analysis. It gave a negative 
result by Zeisel’s method, showing that all four methoxyl groups 
had been hydrolysed. 

Found, C=60'1, 60°11; H=7°2, 7:2; Cl=13°8, 14:2. 
C5H3g0,No,2HCl (497°3) requires C=60°3; H=6°9; Cl=14°3 per 
cent. 

Norcephaeline hydrochloride was prepared from cephaeline 
hydrochloride in the same way. Its properties agree exactly with 
those of noremetine hydrochloride, with which it is identical. 

Found, C=60°5, 60°3; H=7'1, 73; Cl=14°4, 14°4. 

Hesse (Joc. cit.) states that when emetine is demethylated with 
hydriodic acid, noremetine hydriodide is obtained in a crystalline 
form. We are unable to confirm this result. The product obtained 
either in this manner or by the double decomposition of noremetine 
hydrochloride with potassium iodide is a granular powder, which 
certainly has a possible crystalline appearance to the naked eye, 
but appears as globules under the 0°42 cm. (1/6-inch) objective of 
the microscope. 


Methylation of Emetine—Formation of N-Methylemetine. 


7°2 Grams of pure hydrated emetine hydrobromide (equivalent 
to 5°0 grams of base) were regenerated by ammonia and extracted 
with ether. The ethereal extract was dried with anhydrous 
potassium carbonate, distilled to a syrup, and this dissolved in a 
solution of 0°5 gram of sodium in 25 c.c. of methyl alcohol. The 
solution was mixed with 2°5 grams of freshly distilled methyl 
sulphate, allowed to remain for ten minutes, and boiled for forty- 
five minutes under reflux. A slight excess of hydrochloric acid was 
then added, and the solution evaporated to remove the alcohol. 
After cooling and basifying with ammonia, the bases were extracted 
with ether. The ethereal residue was mixed with 8 grams of 
benzoic anhydride, and heated for an hour in the water-bath to 
convert unchanged emetine into benzoylemetine. The reaction 
product was dissolved in ether and extracted with dilute hydro- 
chloric acid, the latter being again washed with ether. The acid 
extract and any oil that had separated from it were then extracted 
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three times with chloroform, each chloroform extract being once 
washed with water, which was finally added to the acid liquor. 
The latter was basified with ammonia and extracted with ether. 
The ethereal extract, when dried and distilled, gave 1°7 grams of 
pale yellow gum, which was dissolved in about 10 c.c. of dilute 
hydrobromic acid, and gave a copious crystallisation of V-methy]l- 
emetine hydrobromide. This was recrystallised from water, and 
gave 1°75 grams of the pure, air-dried salt. The chloroform 
extract of the acid liquors was shaken with aqueous sodium 
carbonate, dried, and distilled. The residue was dissolved in 
alcohol, and gave 1‘7 grams of crystalline benzoylemetine, melting 
at 181°. 

N-Methylemetine can also be prepared by methylating N-methy]- 
cephaeline or cephaeline. 

The free base has not been obtained in a crystalline form. It 
is a colourless varnish, insoluble in water, but readily soluble in 
ether, alcohol, or chloroform. The hydrochloride, nitrate, and 
sulphate did not crystallise.* 

N-Methylemetine hydrobromide crystallises from water in clusters 
of prismatic needles, which contain 3H,O. It has no sharp melt- 
ing point, but begins to sinter about 210°, and gradually melts 
up to about 230° (corr.). Specimens of the salt prepared by the 
methylation of emetine, V-methylcephaeline, and cephaeline were 
identical in properties, and lost 6°8, 6°9, and 7°0 per cent. of water 
at 110° respectively. 

Cg9Hy0,N,,2HBr,3H,O requires H,O=7°6 per cent. The salt 
was dried at 110° for analysis. 


Prepared from Emetine.—Found, C=55'2; H=6'9; OMe=17'8; 
NMe=4'5. 
Prepared from N-Methylcephaeline.—Found, C=55'0; H=69; 
OMe=19'0; NMe=3°9. 
Prepared from Cephaeline—Found, C=55°0, 54°9, 55°4; 
H=7°0, 7°0, 7:0; Br=24°35, 24°20; OMe=19'0; NMe=4'4. 
Cyp9Hyo0,N,,2HBr (656°2) requires C=54:9; H=6°8; Br=24°36; 
40Me=18°9; NMe=4'4 per cent. 
The specific rotatory power of this salt was determined in 


aqueous solution. It is independent of the concentration within 
the limits of experimental error. 

@p+0°71°, c= 6-000, Jex2-dem. [a]>+5'9” 

ap+0.48°, c= 3°872, l=2-dom. [a],+6°2° 

ap+0°24°, om 1892, t= 2-dem. [a],+6°3° 


It is sparingly soluble in cold, but readily in hot, water. One 


* The methiodide is described in an Addendum to this paper. 
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hundred c.c. of an aqueous solution saturated at 16—17° contain 
2°4 grams of the hydrated salt. 

N-Methylemetine hydrobromide dissolves in Fréhde’s reagent, 
giving a pale green solution, just as does emetine hydrobromide. Its 
dilute aqueous solution decolorises aqueous potassium permanganate, 
and gives with aqueous ferric chloride a sherry-coloured solution, 
which gradually becomes turbid when digested in the water-bath. 

N-Methylemetine hydriodide was prepared from base regenerated 
from the pure hydrobromide. It crystallises from water in 
feathery needles, which sinter from 200°, become translucent at 
210—215° (corr.), and effervesce at 220° (corr.). It is readily 
soluble in hot, sparingly so in cold, water. The air-dried salt 
contains 1H,O, and retains }H,O when dried at 100°. 


Found, loss at 100°=1°2. 
Cy9Hy.0,N.,2HI,H,O requires loss of 4H,O=1'2 per cent. 
C=47'2, 47°7, 47°4, 47°1, 47:1. 
H=5'9, 6:0, 6°1, 6°2, 6'1. 
I =33°38, 33°20, 33°18, 33°11. 
Cy9H4,0,N,,2H1,4H,O (759°3) requires C=47°4; H=6:0; I=33°4 
per cent. 


Methylation of Cephaeline—Formation of Emetine, N-Methyl- 
cephaeline, and N-methylemetine. 


(a) With Methyl Sulphate and Sodium Methoxide.—Five grams 
of hydrated cephaeline, equivalent to 4°7 grams of the anhydrous 
base, were dissolved in a solution of 0°23 gram of sodium in 20 c.c. 
of methyl alcohol, and, after cooling, a solution of 1°3 grams of 
methyl sulphate in 5 c.c. of methyl alcohol was added at once. 
The mixture became slightly warm. After remaining for five 
minutes it was boiled under reflux for forty-five minutes. It was 
next acidified with hydrobromic acid, and distilled to remove the 
methyl alcohol, then diluted with water, basified with ammonia, 
and shaken into ether. 

The ethereal solution was extracted several times with 2} per 
cent. aqueous sodium hydroxide to remove the phenolic bases, 
washed with water, dried, and distilled to a syrup. The latter was 
dissolved in an excess of dilute hydrobromic acid and kept, when 
0°5 gram of emetine hydrobromide crystallised out in the charac- 
teristic form (mother liquor 1). 

The combined sodium hydroxide extracts were acidified with 
hydrochloric acid, basified with ammonia, and extracted with ether. 
The latter began to deposit N-methylcephaeline almost immedi- 
ately, 0°94 gram, melting at 186°, separating from the dilute solu- 
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tion; the filtrate from this crop gave another 0°3 gram, melting 
at 181—183° after concentration, and eventually gave a residue 
of 2°2 grams of pale brown syrup, probably consisting largely of 
unchanged cephaeline. 

The methylation of cephaeline with methyl sulphate in aqueous 
sodium hydroxide and in fusel oil containing sodium amyloxide 
also gave a small yield of emetine and V-methylcephaeline in each 
case. 

The mother liquor M/ remaining after the crystallisation of 
emetine hydrobromide from the non-phenolic fraction deposited an 
oily hydrobromide on spontaneous evaporation. It seemed prob- 
able that this liquor would contain a mixture of emetine and 
N-methylemetine. The corresponding product was consequently 
collected from a number of similar experiments representing 80 
grams of anhydrous cephaeline, and the combined mother liquors 
were basified with ammonia and extracted with ether. The 
ethereal residue, which amounted to 8 grams, was then benzoylated 
and separated by the method described on p. 1617, when 3°0 grams 
of pure recrystallised N-methylemetine hydrobromide were 
obtained, together with 5°4 grams of a soft, brown gum, which 
probably consisted largely of benzoylemetine. 

(6) With Sodium Methyl Sulphate——85 Grams of anhydrous 
cephaeline were dissolved in a solution of 0°85 gram of sodium in 
80 c.c. of fusel oil, boiling at 130—140°. 3°5 Grams of anhydrous 
sodium methyl sulphate were added, and the mixture was boiled 
for two hours under reflux. The fusel oil was then extracted with 
dilute hydrochloric acid, and this extracted with ether to remove 
fusel oil. The acid extract was then worked up just as in the 
previous case, and gave a good yield of crystalline emetine hydro- 
bromide, but no N-methylcephaeline. A quantity of cephaeline 
was recovered, and this gave a further yield of emetine on methy]l- 
ating afresh. The final mother liquors from the crystallisation of 
emetine hydrobromide were worked up for V-methylemetine hydro- 
bromide in the usual way, and gave a quantity of this salt amount- 
ing to about 2 per cent. of the weight of the cephaeline used. 


Emetine Prepared from Cephaeline. 


The emetine prepared by the methylation of cephaeline is 
identical with the natural alkaloid. This is shown, amongst other 
properties, by the melting points, rotation, and analyses of the 
hydrochloride and hydrobromide, and also by the formation from 
it of benzoylemetine (m. p. 185—186° [corr.]) and rubremetine 
hydrochloride (m. p. 127-—128° [corr.]). Its identity was further 
confirmed by physiological tests kindly undertaken by Dr. H. H. 


see nae bln! 
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Dale, F.R.S., who found its toxicity the same as that of natural 
emetine. 

Emetine hydrochloride (from cepliaeline) melted at 235—255° 
(corr.) after drying at 100°, and had the same melting point as the 
natural salt in the same bath. 

Found in the air-dried salt, loss at 100°=20°5; in the dried salt, 
C=63'2, 62°38; H=81, 81; Cl=12°85, 12°84. Cale, C=62°9; 
H=7'7; Cl=12°82 per cent. 

The rotation was determined in aqueous solution : 

ay+1:00°, c=3°9884, 1=2-dem. [a],,-+15°8° calculated 
for the anhydrous salt. 

Emetine hydrobromide (from cephaeline) melts at 245—265° 
(corr.) after drying at 100°. It has the same melting point as the 
natural salt in the same bath. 

Found in the air-dried salt, loss at 100°=10°5; in the dried salt, 
C=54°3, 54:2; H=6°9, 70; Br=24°50, 24°75. Cale., C=54°2; 
H=6°6; Br=24°89 per cent. 


N-Methylcephaeline. 


The crude product obtained by the methylation of cephaeline 
was purified by several crystallisations from absolute alcohol, using 
animal charcoal. From the mother liquors a very small quantity 
of an isomeride (p. 1624) was isolated. V-Methylcephaeline 
separates in beautiful colourless, wedge-shaped plates, singly or in 
clusters, and melts sharply at 194—-195° (corr.). It suffers no loss 
at 110°. 

Found, 

C=72°7, 73°1, 73°1, 73°0, 73°3, 73°4, 73°0. 

H=8°5, 84, 84, 8°6, 8°5, 8°4, 8°2. 

N=671; OMe=18°'3, 17°6, 17°77; NMe=5°9, 4°8, 4°9. 
Cy9HyO,N, (480°3) requires C=72°5; H=84; N=5'8; 
30Me=19'4; NMe=6'0 per cent. 

N-Methylcephaeline is sparingly soluble in cold alcohol, acetone, 
ethyl acetate, or benzene, more readily on warming, very sparingly 
soluble in ether, and readily soluble in chloroform. It is insoluble 
in water, but dissolves in dilute acids, giving solutions which are 
precipitated by the addition of sodium carbonate, ammonia, or 
sodium hydroxide, but the precipitate is soluble in excess of the 
two last reagents. 

N-Methylceephaeline gives a sharp end-point when titrated with 
N /10-H,SO,, using cochineal; 0°4996 gram required 20°70 c.c. of 
N /10-H,SO,, whence equivalent = 241°3 and M.W.=482°6. On the 
addition of sodium hydroxide to the neutral solution, no per- 
manent turbidity is produced until about three-eighths of the 
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sulphuric acid has been neutralised, and the turbidity of this solu- 
tion is then further increased on warming. 

The specific rotatory power of the base in chloroform was deter- 
mined with the following results: 


o,—3°86", c=3-961, 1=2-dem. [a],—48°7”. 


N-Methylcephaeline dissolves in concentrated sulphuric acid, 
giving a colourless solution, which becomes sherry-coloured on the 
addition of a drop of nitric acid. When dissolved in an excess 
of Fréhde’s reagent, the base yields a brownish-mauve solution, 
gradually changing to emerald-green, whilst the hydrobromide gives 
in the first instant an indigo colour, which quickly fades to 
brownish-mauve, and gradually changes to emerald-green. The 
colour reaction of base and hydrobromide with Fréhde’s solution 
are thus similar to those shown by cephaeline and its hydrobromide. 
An aqueous solution of the hydrobromide reduces immediately cold 
aqueous potassium permanganate; it gives a sherry-coloured solu- 
tion with ferric chloride, which gradually becomes turbid on 
warming. 


N-Methylcephaeline Hydrobromide. 


2°5 Grams of the pure base were dissolved in 25 c.c. of boiling 
water with sufficient hydrobromic acid to render the solution acid. 
The solution was inoculated, and allowed to cool slowly, when the 
salt (1°8 grams) separated in large oblong, nearly rectangular plates 
containing 14H,O. After drying at 100°, the salt melts at about 
220—230° (corr.). It is readily soluble in hot, but somewhat 
sparingly so in cold. water. 


Found in air-dried salt, H,O =4°3. 

Co9H,,0,N,,2HBr,14H,O requires H,O=4'0 per cent. 

Found in salt dried at 100°, C=53°8, 540; H=6°9, 7:0; 

Br=24'1, 24°3, 24:1. 
Cy9HyyO,N,2HBr (642°2) requires C=54'2; H=6°6; Br=24°9 per 
cent. . 

One hundred c.c. of an aqueous solution saturated at 16—17° 
contain 4°7 grams of the hydrated salt. It is readily soluble in 
hot water. 

The specific rotatory power was measured in aqueous solution, 
and found to increase with increasing dilution. The results are 
expressed in terms of both anhydrous salt and basic ion: 


Calculated for 


Anhydrous salt. Basic ion. 
a+ 2-13°, c=4-202,1=2-dem.  [a]p+26-5° +35-3° 
@po+1-50°, c=2-721, 1=2-dem. [a], +28-7° -+38-2° 
ay+1-05°, c= 1-827, 1=2-dem. _[a]»+29-9° +39-8° 


pt tai eS Sar 


as 


CARR AND PYMAN: THE ALKALOIDS OF IPECACUANHA. 1623 


N-Methylcephaeline hydriodide was similarly prepared. It 
crystallises with 14H,O in large, colourless, nearly rectangular, 


’ oblong tablets. After drying at 100°, it melts at about 215—235° 


(corr.). It is readily soluble in hot, sparingly so in cold, water. 


Found in air-dried salt, H,O =2°6. 
Cog Hyo0,N>,2HI, 1$H,O requires loss of 1H,O=2'4 per cent. 
Found in salt dried at 160°: 
C=46'9, 47°1, 46°8, 47°2, 46°6, 46°6. 
H=6°3, 6°3, 5°9, 6°1, 671, 6°0. 
I=33°6, 33°9, 33°9, 33°9, 33°9. 
C9H,j0,N,,2HI,3H,O (745°3) requires C=46'7; H=5°8; I=34'1 
per cent 
N-Methylcephaeline nitrate crystallises from water in clear, thin, 
oblong, nearly rectangular plates, which contain 2H,O. After dry- 
ing at 100, it begins to colour and sinter from 175°, and decom- 
poses sharply at 210° (corr.). 
Found in air-dried salt, H,O=5°8. 
Co9HypO,No,2HNO;,2H,O requires H,O=5°6 per cent. 
Found in salt dried at 100°: 
C=58°3, 58°0, 57°7, 57°8. 
H=7°7, 7°7, 7°3, 7°3. 
Cy9H4gO,No,2HNO, (606°5) requires C=57'4; H=7°'0 per cent. 


Methylation of N-Methylcephaeline—Formation of N-Methyl- 


emetine. 


Five grams of V-methylcephaeline were dissolved in a solution of 
0°5 gram of sodium in 50 c.c. of fusel oil, boiling at 120—130°. 
1:25 Grams of anhydrous sodium methyl sulphate were added, and 
the liquid was boiled for two hours under reflux. The fusel oil 
was then extracted with hydrochloric acid, and the latter washed 
with ether to remove the dissolved fusel oil. Excess of sodium 
hydroxide was added to the acid liquid, and the non-phenolic bases 
were removed by extraction with ether. The ethereal solution was 
washed several times with aqueous sodium hydroxide, dried, and 
distilled. The oily residue was converted into hydrobromide and 
kept, when a quantity of V-methylemetine hydrobromide separated. 
After recrystallisation from water, 0°95 gram of the pure salt, melt- 
ing at 210—230° (corr.), were obtained. Investigation of its 
properties and analysis (see p. 1618) showed it to be identical with 
N-methylemetine hydrobromide otherwise obtained. The sodium 
hydroxide liquor was acidified with hydrochloric acid, and made 
alkaline with ammonia, when V-methylcephaeline was precipitated, 
at first in an amorphous condition. After inoculating and stirring, 
5 N 2 
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the precipitate became crystalline, and amounted to 3°9 grams of 
the pure, unchanged base, melting at 194° (corr.). 


Isomeride of N-Methylcephaeline. 


After the purification of N-methylcephaeline by crystallisation 
from alcohol, the mother liquors eventyally deposit small crops of 
indefinite prisms, which melt at about 167—169°. The melting 
point and appearance remained unchanged after two crystallisa- 
tions from a considerable bulk of alcohol, but on then crystallising 
the product from acetone, two forms of crystals were deposited. 
These crystals (1°8 grams) were converted into the hydrobromide, 
and set aside, when 0°8 gram of crystalline W-methylcephaeline 
hydrobromide separated. The mother liquor was shaken with 
ether and ammonia, when 1°0 gram of crystals, melting at 164°, 
separated from the ethereal solution. These were crystallised from 
acetone, and gave 0°5 gram of well-formed, many-sided, colourless, 
glassy prisms, which melted at 196—197° (corr.). A mixture with 
an approximately equal amount of N-methylcephaeline melted at 
about 170°. The new base is almost insoluble in water or ether, 
very sparingly so in cold alcohol or acetone, but readily so in chloro- 
form. It is soluble in dilute hydrochloric acid or aqueous sodium 
hydroxide, but not in aqueous sodium carbonate or ammonia. The 
air-dried base lost 1°3 per cent. at 100°. 

Found in base dried at 100°, C=73°0; H=85; OMe=20°4; 

NMe=6°0. 
Cy9HyO,N, requires C=72°5; H=84; 30Me=19°4; NMe=6'0 
per cent. 

The specific rotatory power of the dried base was determined in 
chloroform solution : 

a,)—2°90°, c= 1-868, =2-dem. [a],—73°7°. 

The relation between the specific rotatory power of this base and 
N-methylcephaeline is similar to that between the specific rotatory 
powers of isocephaeline and cephaeline, and this base may well 
prove to be the N-methyl derivative of isocephaeline. 


Methylation of Psychotrme. 


44 Grams of anhydrous psychotrine were. dissolved in a solution 
oi 0°5 gram of sodium in 70 c.c. of fusel oil boiling at 120—130°, 
and boiled for one hour with 1°25 grams of anhydrous sodium 
methyl sulphate. On working up the product only 0°7 gram of 
non-phenolic ether-soluble base was obtained, the psychotrine being 
mainly recovered unchanged. On a repetition of the treatment 
with the recovered alkaloid another 0°6 gram of the non-phenolic 
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ether-soluble base was obtained, and 3°5 grams of hydrated psycho- 
trine were recovered. 

In a small preliminary experiment a hydrobromide crystallising 
in yellow needles had been obtained from the non-phenolic ether- 
soluble base, but in the experiment now recorded it was not found 
possible to induce crystallisation of the hydrobromide of either of 
the fractions, even after inoculation with the salt previously 
obtained. The whole quantity was therefore regenerated and sub- 
jected to reduction, when eventually a small quantity of a colour- 
less, crystalline hydrobromide melting at 245—260° was isolated. 
It is probable that this was emetine hydrobromide, but the quantity 
was insufficient to admit of identification. 

A small quantity of emetine has, however, been prepared from 
psychotrine by first reducing this, separating the isocephaeline as 
completely as possible by recrystallisation from ether, and then 
methylating the residue, which is shown later to contain cephaeline. 
The emetine thus prepared was identified as the crystalline hydro- 
bromide (Found, Br=24°8. Calc., Br=24°9 per cent.). 


Inaction of Reducing Agents on Emetine and Cephaeline. 


Emetine and cephaeline cannot be reduced by means of either 
tin and hydrochloric acid, or sodium and alcohol. The fact that 
considerable proportions of the bases were recovered unchanged 
after the vigorous treatments to which they were subjected illus- 
trates their considerable stability. 

(1) Action of Tin and Hydrochloric Acid.—One gram of emetine 
hydrochloride, 10 c.c. of alcohol, 20 c.c. of hydrochloric acid, and 
5 grams of tin foil were boiled together on the water-bath under 
reflux for two and a-half hours, when about three- ‘quarters of the 
tin dissolved. The reaction product was worked up in the usual 
way, and about one-half was recovered unchanged. 

One gram of cephaeline hydrochloride similarly treated was also 
mainly recovered unchanged. 

(2) Action of Sodium and Alcohol.—One gram of cephaeline was 
dissolved in 10 c.c. of absolute alcohol, and 5:0 grams of sodium 
were added. The mixture was heated on the water-bath under 
reflux,;and 50 c.c. of absolute alcohol were run in drop by drop in 
the course of three-quarters of an hour, when almost all the sodium 
dissolved. The reaction product was worked up in the usual way, 
and gave 0°25 gram of crystalline cephaeline (m. p. 105°). 

A quantity of emetine when similarly treated with sodium and 
alcohol was also largely recovered unchanged. 
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Reduction of Psychotrine. 
Formation of Cephaeline and isoCephaeline. 


1°8 Granis of anhydrous psychotrine were dissolved in 6 c.c. of 
absolute alcohol, and 2°0 grams of sodium were added. The mixture 
was heated on the water-bath, and 35 c.c. of absolute alcohol run 
into it drop by drop during half-an-hour, when the sodium dissolved 
completely. The solution was then acidified with dilute hydro- 
chloric acid, somewhat evaporated to remove the alcohol, made 
alkaline with ammonia, and extracted with ether. The ethereal 
solution was dried, distilled to a volume of about 10 c.c., and kept 
for some days in a closed vessel, when 0°36 gram of isocephaeline 
melting at 153° crystallised in hard grains. This was collected, and 
the ethereal mother liquor was inoculated with cephaeline, when 
two crops each of 0°30 gram (m. p. 105°) were collected. The crude 
product was purified by crystallisation as hydrochloride and re- 
generation from the crystalline salt, when it was obtained in the 
characteristic woolly needles. The air-dried base melted at 
115—116° (corr.) after sintering from 106°, and the mixture with 
an approximately equal amount of pure air-dried cephaeline showed 
the same behaviour. It lost 5°4 per cent. when dried at 100°, and 
the dried base gave the correct figures as analysis (Found, C=71°8; 
H=82. Cale., C=72°0; H=8'l per cent.). The specific rotatory 
power of the air-dried base was determined in chloroform solution 
with the following result: 


a,— 1°62”, c=1°956, 1=2-dem. [a],—41°0° or —43°8° for the anhydrous base. 


This reduction product of psychotrine is, therefore, identical 
with cephaeline. 
isoC'e phaeline. 


This base can be recrystallised well by dissolving it in the smallest 
possible quantity of boiling absolute alcohol, adding a little ether, 
filtering from dust, and diluting well from ether, when it separates 
on keeping in clear, colourless, diamond-shaped plates singly or in 
clusters. It begins to sinter and turn brown at 155°, and melts 
to a brown liquid at 159—160° (corr.). It is almost insoluble in 
water or ether, but readily soluble in alcohol or chloroform. It is 
soluble in dilute mineral acids and in aqueous sodium hydroxide. 
The air-dried base lost 1°4 per cent. at 100°. 

Found, in base dried at 100°: C=72°6, 72°4, 71'7; H=8'l, 8°4, 
82; OMe=20°8; NMe=0. ; 
C,,H3,,0,N, (466°3) requires C=72°0; H=81; 30Me=19°9 per 
cent. 
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The specific rotatory power of the dried base was determined in 
chloroform solution : 
a, — 2°86", c=1°991, =2-dem. [a],—71°8°. 


Oxidation of Emetiné with Ferric Chloride. Formation of 
Rubremetine. 


After several preliminary experiments, the following method was 
found to be the most suitable for the preparation of rubremetine 
hydrochloride. 

Ten grams of emetine hydrochloride (containing 16 per cent. of 
water) were oxidised with ferric chloride solution in quantities of 
1 gram as follows: One gram of emetine hydrochloride was dis- 
solved in 10 c.c. of water and mixed with a solution of 20 grams 
of commercial hydrated ferric chloride in 100 c.c. of water. The 
dark solution was then boiled under reflux, when the separation 
of a yellowish-brown, flocculent solid commenced about a minute 
after the solution began to boil. The amount of separated matter 
gradually increased, and after five hours’ boiling the liquor was 
cooled and the products of the ten separate experiments combined, 
and extracted completely with chloroform. The solvent dissolves 
most of the water-insoluble material, but a small quantity of 
inorganic matter which remains undissolved causes a somewhat 
troublesome emulsion, and has to be removed by filtration. 

The chloroform extract was dried, and distilled, when 9°4 grams 
of black resin remained. This was boiled with 100 c.c. of water, 
when nearly all dissolved, the residue being extracted with further 
small quantities of hot water until nearly all the colouring matter 
was removed. A very small quantity of an insoluble black powder 
remained undissolved. The aqueous extract on cooling deposited 
rubremetine hydrochloride in minute, red needles. These were 
collected, and after drying in a vacuum weighed 2°9 grams. The 
mother liquor on concentration gave a further 0°3 gram. The final 
mother liquor was then combined with the original ferric chloride 
liquor, and again boiled for five hours under reflux. On extraction 
with chloroform and evaporation of the solvent 5°4 grams of extract 
remained. This was dissolved in about 50 c.c. of hot water and 
filtered from a trace of insoluble resin, when a further 0°3 gram of 
rubremetine hydrochloride separated. The mother liquor was then 
made alkaline with sodium carbonate, and extracted first with ether 
and then with chloroform, which removed quantities of 1°4 and 
2°2 grams respectively of dark brown varnish, from which nothing 
crystalline could be obtained. 

Rubremetine Hydrochloride.—In the earlier experiments the salt 
was purified by two crystallisations from water. It is readily 
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soluble in hot, but sparingly so in cold, water, and separates in 
minute, orange-coloured needles, which aggregate to a paste on the 
filter, and are very difficult to separate completely from the mother 
liquor. After drying the twice-crystallised product to constant 
weight in a vacuum over sulphuric acid, no further loss was 
occasioned by heating at 100°, and the product gave the following 
figures on analysis : 

Found, C=66°6, 66°9, 66°8, 66:5; Cl=6°9; OMe=23°6. 

H=6'8, 6°8, 6°8, 6°9. 

Prepared in this way it still contained a trace of iron, which 
caused a slight ash in the combustions, and the following further 
purifications were then carried out. The salt was shaken with 
aqueous sodium carbonate and chloroform, when it dissolved in the 
latter, whilst the traces ot ferric hydroxide caused a very small 
layer of emulsion between the aqueous and chloroformic layers. 
The liquor was completely extractec with chloroform, and the 
chloroformic extracts combined, dried, and evaporated to dryness. 
The residue was then dissolved in about 4 parts of acetone, and 
1 part of water added, when hydrated rubremetine hydrochloride 
separated in compact, orange-coloured needles, which were readily 
separated from the mother liquor by filtration. After washing 
with acetone and drying in the air, it is a magnificent scarlet 
compound. The melting point of the air-dried salt varies greatly 
with the rate of heating, but 127—-128° (corr.) may be taken as an 
average figure for the melting and effervescing point. After drying 
at 100° the salt, placed in the bath at 150°, sinters from 166° and 
melts and effervesces at 173° (corr.), but here also the melting point 
varies greatly with the conditions of heating. 

On analysis the purified salt gave similar figures to those previ- 
ously obtained : 

Found, air-dried salt lost at 100°, 15°4, 17°0, 17°4. 

Cy9H3,0,N,,HCI,6H,O losing 54H,O requires loss=16'1 per cent. 

Found, in salt dried at 100°: C=66°6, 66°38; H=6°8, 66; 

N=5'7, 5°2; OMe=23'7; NMe=0. 
Cy9H320,N,,HC1,3H,O (517°8) requires C=67'2; H=66; N=5'4; 
Cl=6°9; 40Me=24°0 per cent. 


The salt after drying at 100° suffers a further loss at 110—120°, 
but undergoes decomposition, becoming insoluble in water, but 
soluble.in dilute hydrochloric acid. 

Rubremetine hydrochloride is readily soluble in alcohol or chloro- 
form, sparingly so in cold, but readily in hot, water, sparingly 
soluble in cold, more readily in hot, acetone, and insoluble in ethyl 
acetate. 


— 
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It is at once precipitated from its cold saturated aqueous solution 
by the addition of hydrochloric acid. The fact that it is precipi- 
tated unchanged, and not as a dihydrochloride, was shown as 
follows : 

0°25 Gram of the salt was dissolved in 10 c.c. of boiling water, 
cooled, and mixed with 3 c.c. of 10 per cent. hydrochloric acid. A 
crystalline precipitate formed immediately. This was collected, 
dried in a vacuum desiccator over sulphuric acid and potassium 
hydroxide for several hours, then dried to constant weight at 100°, 
when 0°2003 gave, by Carius’ method, 0°0530 AgCl. Cl=6°5. 

The aqueous solution of the hydrochloride gives crystalline pre- 
cipitates of the hydrobromide and hydriodide on double decomposi- 
tion with potassium bromide and iodide. A cold 1 per cent. 
aqueous solution gives orange precipitates, soluble on warming, by 
adding a few drops of 10 per cent. solutions of sulphuric acid, 
sodium hydroxide, carbonate, nitrate, nitrite, sulphate, ammonium 
chloride or phosphate, or ferric chloride. 

Rubremetine hydrochloride dissolves in concentrated sulphuric 
acid with a yellow to sherry colour, this deepening later, and 
appearing pale magenta in thin layers. On adding a trace of 
nitric acid the colour becomes sage-green. With Fréhde’s reagent 
(1 per cent. ammonium molybdate in concentrated sulphuric acid) 
the sherry changing to magenta colour is produced first, but almost 
immediately becomes sage-green. Rubremetine hydrochloride gives 
no colour with sodium diazobenzene-psulphonate. Attempts to 
reduce it by boiling for two days with tin and hydrochloric acid 
in alcoholic solution gave a negative result, as indicated by the 
colour of the solution; sodium in alcoholic solution, however, 
obviously effected some change. Rubremetine hydrochloride is 
decomposed by sodium hydroxide, but not by sodium carbonate, 
with the formation of the base, for on shaking rubremetine hydro- 
chloride in chloroform solution first with aqueous sodium carbonate 
and then with aqueous sodium hydroxide, and extracting each of 
the aqueous liquors completely with chloroform, the sodium hydr- 
oxide extract contains chloride, whilst the carbonate liquor does 


. not. 


An aqueous solution of the base can be prepared by the action 
of silver hydroxide on rubremetine hydrochloride, but neither ether 
nor benzene will extract the base, although chloroform readily re- 
moves it. The chloroform solution, however, when evaporated and 
mixed with acetone deposits rubremetine hydrochloride, doubtless 
formed by the decomposition of chloroform by the base. The 
aqueous solution of the base deposits a yellow, insoluble gum on 
evaporation to a very low bulk, and the mother liquor when filtered 
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from this sets to a red, crystalline paste on cooling. On further 
evaporation with water this gives more of the insoluble gum. The 
latter is readily extracted by ether, and dissolves in dilute hydro- 
chloric acid. This behaviour suggests that rubremetine is a 
quaternary base. 

Rubremetine hydrobromide was prepared from the hydrochloride 
by double decomposition with potassium bromide, and recrystallised 
from dilute potassium bromide solution and then from water. It 
forms scarlet needles, which, when air-dried, melt at about 
115—120° (corr.), and after drying at 100° has no sharp melting 
point, sintering from 160—180°, then gradually melting and decom- 
posing at about 195—205° (corr.). It is sparingly soluble in hot, 
very sparingly so in cold, water: 

Found, air-dried salt lost at 100°, 16:1. 

Cy9H0,N,,HBr,6H,O requires H,O=16°3 per cent. 

Found, in salt dried at 100°, C=62°1, 62°1, 62°2, 62°5; 

H=6'5, 6°2, 6°5, 66; Br=14°4, 14:2. 
C.9H0,N>,,HBr (553°2) requires C=62°9; H=6'0; Br=14°4 per 
cent. 

Rubremetine hydriodide was prepared from the hydrochloride 
by double decomposition with potassium iodide. It separates from 
boiling water in minute rosettes of bright red needles, which are 
sparingly soluble in hot, and very sparingly so in cold, water. It 
crystallises well from aqueous acetone. This salt after drying at 
100° has no sharp melting point, but sinters from 177° (corr.), 
gradually becoming molten, but not usually fluid, during the next 
15 to 20° rise of temperature. 

Found, air-dried salt lost at 100° 13°7, 12°6. 

C.9H3,.0,N,,HI,5H,O requires H,O=13°'0 per cent. 
Found in salt dried at 100°, C=57°8, 57°7, 576; H=5°6, 5:4, 
6°0; I=21°6, 21°3, 21°0, 21°1, 21°0, 21:0. 
Co9Hy0,N.,HI (600°2) requires C=58'°0; H=5°6; I=21'2 per 
cent. 

Rubremetine nitrate is obtained in sparingly soluble red needles 
by double decomposition between silver nitrate and a haloid salt 
of rubremetine. 


The Oxidation of Emetine with Potassium Permanganate. 


Formation of 6: 7-Dimethoxyisoquinoline-l-carbozylic Acid and 
m-Hemipinie Acid. 


(1) Ten grams of emetine hydrochloride (containing 25 per cent. 
H,O) were regenerated into chloroform, using sodium carbonate. 
The chloroform residue was dissolved in 300 c.c. of acetone, and a 
solution of 70 grams of potassium permanganate in 2°8 litres of 
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water run in with thorough stirring in twenty minutes. (The 
highest temperature observed, namely, 39°, was recorded after the 
first third of the permanganate had been added.) After remaining 
for another ten minutes, the liquor was no longer red, and it was 
then digested for fifteen minutes on the water-bath, and filtered 
from the manganese dioxide. The filtrate was then acidified (to 
litmus) with hydrochloric acid, evaporated to about 250 c.c., and 
decanted from 1°7 grams of brown, amorphous matter. It was 
then made alkaline with sodium carbonate, and extracted with 
chloroform, which removed 2°3 grams of brown resin, then acidified 
with hydrochioric acid, and again extracted with chloroform, which 
gave 1°9 grams of brown, amorphous residue; this residue was dis- 
solved in alcohol, and on keeping deposited 0°05 gram of 
6: 7-dimethoxyisoquinoline-l-carboxylic acid. The major quantity 
of this acid was, however, isolated from the aqueous mother liquor 
remaining after the chloroform extractions. This was evaporated 
to dryness, and the residue was extracted with alcohol containing 
hydrochloric acid. After filtering from the insoluble inorganic 
salts, the alcoholic liquor was evaporated to a syrup, diluted with 
water, and precipitated with aqueous mercuric chloride. The pre- 
cipitate was collected, washed with water, suspended in water, and 
treated with hydrogen sulphide. After removing the mercuric 
sulphide, the resulting liquor was evaporated to low bulk, when 
0°3 gram of 6: 7-dimethoxyisoquinoline-l-carboxylic acid, melting 
at 208° (corr.), separated. 

The identity of this compound was established by analysis, by 
comparison of its properties with those of this acid described by 
Goldschmiedt, who obtained it by the oxidation of papaverine, and 
finally by direct comparison with a specimen of the acid prepared 
from papaverine according to Goldschmiedt’s directions (Monatsh., 
1887, 8, 520). 6: 7-Dimethoxyisoquinoline-l-carboxylic acid pre- 
pared from emetine was sparingly soluble in cold, but readily in 
hot, water, crystallising from this solvent in yellow, silky needles 
containing two molecules of water of crystallisation. (Found, 
H,O=13'4. Cale, H,O=13°4 per cent. Found, in dried sub- 
stance, C=62°3; H=4°5. Cale, C=61°8; H=4'8 per cent.) 

It melted and decomposed at 208° (corr.), whilst a specimen of 
the acid prepared according to Goldschmiedt’s directions, by the 
oxidation of papaverine and a mixture of the two substances, 
melted at the same temperature. It was amphoteric in character, 
dissolving readily in hydrochloric acid or sodium carbonate solu- 
tion. It had an acid reaction, but after it had been heated above 
its melting point, the residue reacted alkaline, owing to the loss of 
carbon dioxide and formation of 6: 7-dimethoxyisoquinoline. A 
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quantity of this substance, prepared by fusing the acid, was isolated 
in the form of its picrate, which melted at 227° (corr.), after 
sintering a few degrees lower. The melting point of 6: 7- 
dimethoxyisoquinoline picrate is given as 218—220° by both Gold- 
schmiedt (Monatsh., 1886, 7, 494) and Riigheimer and Schon (Ber., 
1909, 42, 2377), which is substantially in agreement with the 
corrected melting point recorded. In order to complete the 
identification of the substance, however, a quantity of 6: 7- 
dimethoxyisoquinoline picrate was prepared by fusing papaveral- 
dine with potassium hydroxide according to Goldschmiedt’s method 
(Monatsh., 1886, 7, 494). This also melted at 227° (corr.), and a 
mixture of the picrates from both sources melted at the same 
temperature. 

(2) Twenty grams of emetine residues (consisting mainly of the 
non-crystalline products of previous oxidations with ferric chloride 
and permanganate) were oxidised in acetone solution by per- 
manganate substantially as previously described. The product was 
worked up as before, and, after removal of the manganese dioxide, 
the slightly acidified, aqueous liquid was concentrated, made alka- 
line with sodium carbonate, and extracted with chloroform. On 
then adding a little dilute hydrochloric acid and shaking with 
chloroform, about a gram of a crystalline solid separated. This 
was collected, and was found to be a potassium salt. It was dis- 
solved in water and acidified with hydrochloric acid, when, on 
keeping, m-hemipinic acid separated in large, glassy prisms, con- 
taining 1H,O. (Found, H,O=7:1. Cale, H,O=7°4 per cent. 
Found in anhydrous salt, C=52°6; H=4°4. Cale, C=53-1; 
H=4'5 per cent. Found, equivalent weight by titration with 
methyl-orange, 227; with phenolphthalein, 112. Calculated for 
mono- and di-salts, respectively, 226 and 113.) It melted at 192° 
(corr.), or when heated fairly quickly at 199° (corr.), in each case 
with effervescence. The melted product resolidified on cooling, and 
then melted at 176° (corr.), which is the melting point of 
m-hemipinic anhydride. 

In order to complete the identification of the acid, a small 
quantity was converted into the N-ethylimide. This melted at 
228° or 234° (corr.), and was sparingly soluble in methyl] alcohol, 
thus agreeing in character with m-hemipinethylimide (compare 
Dobbie and Lauder, T., 1889, 75, 678). 


The Oxidation of Cephaeline with Ferric Chloride. 


The oxidation of cephaeline hydrochloride in aqueous solution 
by ferric chloride does not lead to a substance similar to 
rubremetine, but yields to chloroform a product from which a 
mixture of two crystalline hydrochlorides can be isolated. These 
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crystalline salts are not obtained when cephaeline hydrochloride is 
boiled with five times its weight of commercial ferric chloride in 
aqueous solution, and the highest yields of crystalline products are 
only obtained when ten to fifteen parts of this reagent are 
employed. A further increase of the quantity of ferric chloride 
then produces no further increase in yield. Using twenty to forty 
parts of commercial hydrated ferric chloride in rather less than 
20 per cent. solution, 1°5 grams of cephaeline, which are equivalent 
to about 2°0 grams of the hydrated hydrochloride, give 0°32 to 
0°38 gram of the crude, mixed crystalline hydrochlorides. The 
oxidation was carried out as follows. 

1°5 Grams of cephaeline were dissolved in 25 c.c. of 10 per cent. 
aqueous hydrochloric acid, and diluted to 20 c.c. A solution of 
30 grams of commercial hydrated ferric chloride in 150 c.c. of 
water was added, and the solution boiled for eight hours under 
reflux. The solution became a dark green-brown in the course of 
a few minutes, but at this stage nothing could be extracted by 
means of chloroform. After the liquor had been boiled for the 
time stated, the preducts from several operations were combined, 
and extracted completely with chloroform. The extract gave on 
distillation a dark brown varnish, which was extracted with hot 
water, when nearly all dissolved. The aqueous solution on con- 
centration to a small bulk and keeping deposited crystals of the 
mixed hydrochlorides, mainly B. The mother liquors from these 
crystals were combined with the original ferric chloride liquor, and 
again boiled for eight hours, allowing evaporation to take place 
so that the liquor was reduced to half bulk. Chloroform extrac- 
tion, and extraction of the chloroform residue with water, then 
gave a very small quantity of a mixture of hydrochlorides, consist- 
ing mainly of A and a mother liquor, from which no more crystal- 
line material could be obtained. 

No crystalline products other than A and B could be isolated 
from the reaction mixture, except a small quantity of ammonium 
chloride, which was obtained by making the ferric chloride mother 
liquor alkaline with sodium hydroxide, removing the ferrous and 
ferric hydroxides, and distilling into hydrochloric acid. The 
ammonia was identified as its platinichloride. (Found, Pt=43°7. 
Cale., Pt=43'9 per cent.) 

The crude mixture of the hydrochlorides A and B was separated 
as follows. A was much less soluble in water than B, and the 
major portion could be isolated by crystallisation from this solvent. 
The residue, however, did not readily yield B in a pure ‘state by 
crystallisation, for it was accompanied by small quantities of A. 
After removing the greater portion of A by crystallisation, the 
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residue was therefore next regenerated by sodium carbonate, and 
shaken with ether, when the base B passed into solution, whilst 
the base A and impurities remained in suspension. The ethereal 
solution, when filtered off and treated with hydrochloric acid, gave 
the crystalline hydrochloride B, which was purified by crystallisa- 
tion from water. The alkaline mother liquor containing the base 
A and impurities in suspension was then acidified with hydro- 
chloric acid, boiled and filtered, when a quantity of A hydro- 
chloride crystallised on cooling. The further purification of A 
was effected by dissolving the hydrochloride in boiling water, and 
adding ammonia, when the base separated in silky, yellow needles. 
This was then recrystallised from dilute alcohol, and the hydro- 
chloride again prepared from the pure base. The yield of pure 
A hydrochloride amounts to only about 2 per cent. of the cephae- 
line employed, but that of B is more than 10 per cent. 


Cephaeline Oxidation Product A, C,gH,,0,NCI. 


The hydrochloride A crystallises from hot water in long, silky 
golden needles when quickly deposited, and in deep golden, well- 
formed prismatic needles when allowed to separate slowly. It is 
sparingly soluble in cold, but easily in boiling, water. After dry- 
ing at 100°, it melts and decomposes at 243° (corr.), after sinter- 
ing earlier. It was not consistently rendered anhydrous when 
heated in the steam-oven, and was therefore dried at 120° for 
analysis. 

Found, H,O=17°3, 16°3. 

C,3H,,0,NC1,HC1,4H,O requires H,O=16°4 per cent. 

Found in salt dried at 120°, C=58'9, 59°2, 59:0; H=5°3, 5:3, 

52; N=4'4, 4°2; total Cl=19°3, 19°4; ionised Cl=9°6; 
OMe=19°6, 19°6, 18°38; NMe=0. 
C)g,H,gO,NCI,HCl] (368°1) requires C=58'7; H=5'2; N=3'8; 
Cl=19°3; ionised Cl=9°6; 20Me=16'9 per cent. 

This salt dissolves in concentrated sulphuric acid with a pale 
blue-green colour, and in Fréhde’s reagent the colour is rather 
more pronounced. It gives no coloration with sodium diazo- 
benzene-p-sulphonate. 

The base crystallises in pale yellow needles on the addition of 
aqueous sodium carbonate to a solution of the hydrochloride. It 
was recrystallised from dilute alcohol. After drying at 100°, it 
melts to.a clear liquid at 203—204° (corr.), and sets to a crystal- 
line, solid mass on cooling. It is readily soluble in alcohol, but 
almost insoluble in water, ether, or aqueous sodium hydroxide. 
It contains chlorine. 
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Found, air-dried base lost at 100°, 10°5, 10°3. 
C,,H,,0,NC1,2H,O requires H,O=9°8 per cent. 
Found, in base dried at 100°, C=65°0, 65°2; H=5°9, 58; 
N=4'2, 4°3. 
C,,H,,0,NCl (331°6) requires C=65°2; H=5'5; N=4'2 per cent. 


Cephaeline Oxidation Product B, Cyp3H5,0,NClo. 


The hydrochloride B crystallises from water in hard, prismatic, 
pale buff needles, which after thorough drying in the air contain 
16-——-19 per cent. of water of crystallisation, or approximately 
5H,O, and melt below 100°. On drying first in a vacuum, then 
in the steam-oven, the salt becomes anhydrous, and then sinters at 
135—140°, gradually darkens, and finally decomposes with effer- 
vescence at 158° (corr.). After drying to constant weight at 100°, 
this salt suffers a further loss at 120°, but this is accompanied by 
decomposition. The salt is fairly readily soluble in cold, and very 
readily so in hot, water, alcohol, or acetone: 

Found, in salt dried at 100°, C=55°0, 55°1, 54°8, 55:1; H=6-4, 
6°4, 64, 65; N=3°2, 3:2; total Cl=23°7, 23°6, 23°8; 
OMe=15'5, 15:1. 

C.9H»,O,NCl,,HCl (436°6) requires C=55°0; H=6°5; N=3'2; 

Cl=24°4; 20Me=14°2 per cent. 

Attempts to determine the ionised chlorine by direct precipita- 
tion with silver nitrate in hot aqueous solution gave inconsistent 
figures, results varying from 9°1 to 14°5 per cent. of chlorine being 
obtained. This is clearly due to the loose state of combination of 
the substituting chlorine atoms, as the following determination 
shows : 

0°2516 Gram of air-dried salt (with 18°0 per cent. H,O) was 
dissolved in 20 c.c. of water, boiled with 20 c.c. of 5 per cent. 
aqueous sodium hydroxide for one hour under reflux, and acidified 
with nitric acid. This solution gave by direct precipitation with 
silver nitrate 0°1990 AgCl, whence Cl=19°6 in the hydrated and 
23°8 per cent. in the anhydrous salt ; the total chlorine is therefore 
eliminated in this way. 

It was subsequently found that the whole of the chlorine present 
was converted into chloride by dissolving the salt in dilute aqueous 
sodium hydroxide, keeping for a few minutes, and acidifying with 
nitric acid. The hydrochloride dissolves in concentrated sulphuric 
acid or Fréhde’s reagent with a pale green colour. It gives with 
sodium diaz5benzene-p-sulphonate a yellow solution. No separation 
occurs when sodium nitrite is added to its solution in hydrochloric 
acid. 
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It is levorotatory. A solution in water of the hydrated salt 
(with 16°4 per cent. HO) gave the following result: 
a,—0°56°, c=2°549, 1=2-dem. [a],—11-0° or —13-1° calculated for the 
anhydrous salt. 


Action of Aqueous Sodium Hydroxide on the Cephaeline 
Oxidation Product B. Formation of a Substance, Cy>Ho0;N. 


4°5 Grams of hydrochloride B from the oxidation of cephaeline 
(containing 18 per cent. H,O) were dissolved in 125 c.c. of water, 
and 90 c.c. of 2 per cent. aqueous sodium hydroxide were added. 
The pale yellow precipitate which formed after a small amount of 
the reagent had been added, completely redissolved, and the clear 
solution was kept for twenty minutes. The liquor was then faintly 
acidified with dilute hydrochloric acid, when no turbidity was 
observed at any point, and evaporated to dryness in a vacuum. 
The residue was extracted with boiling chloroform, and this on 
distillation left a very pale yellow, faintly fluorescent syrup. 
This syrup was dissolved in boiling water, digested for a short time 
with the silver hydroxide from 3 grams of silver nitrate, and 
filtered. The solution was treated with hydrogen sulphide, filtered 
from silver sulphide, and evaporated to dryness in a vacuum. The 
residue was then boiled with alcohol, when 1°5 grams of colourless 
crystals remained undissolved. These were dissolved in a little 
water, and the solution was slowly evaporated, when colourless, 
prismatic needles separated, and were collected in several crops, all 
of which melted and decomposed at 290° (corr.). About 1°0 gram 
of the recrystallised product was obtained. 

Found, air-dried substance lost at 100°, 5:0. 

CypH90;N,H,O requires H,O=4°7 

Found, in substance dried at 100°, C=65° 

OMe=17'°8; NMe=0. 
C,,H»O;N (363°2) requires C=66'1; H=80; N=3°9; 
20Me=17'1 per cent. 

This compound is readily soluble in cold, and hardly more so 
in hot, water, giving a solution which is neutral to litmus. It 
appears to be more readily soluble in dilute acids or aqueous 
sodium carbonate than in water. 


per cent. 
7; H=84; N=39; 


Isolation of a Phytosterol. 


The chloroformic extract containing the total alkaloids of 
ipecacuanha contained a small amount of a neutral substance. 
After several crystallisations from alcohol it formed microscopic, 
hexagonal plates, and had the constant melting point 160—162° 
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(corr.); it gave the colour reaction with acetic anhydride and 
sulphuric acid of the phytosterols. 


Found: H,O=5'0. 
C,,H,,0,H,O requires H,O=4°5 per cent. 
Found: C=83'8; H=11°6. 
C,,H,,O requires C=84'4; H=11°5 per cent. 
The specific rotatory power was determined in chloroform 
solution : 
o,—2°03°, c= 1-884, 1=2-dem. [a],—53-9°. 

For further characterisation it was converted into the acetate, 


which after crystallisation to constant melting point from alcohol 
melted at 139—140° (corr.). 


Found: C=81'7; H=11°1. 
Cy9H yO. requires C=81°6; H=10°9 per cent. 


The properties of this phytosterol indicate its identity with the 
cluytiasterol described by Tutin and Clewer (T., 1912, 101, 2228). 
This melted at 159°, and had [a], —52°6°, whilst its acetyl deriv- 
ative melted at 139°. The identity of both phytosterols with caulo- 


sterol (Schulze, J. pr. Chem., 1883, |ii], 25, 165), which is stated 
to melt at 158—159°, and to have [a|,, —49°6°, seems also possible. 


Addendum. 


After the completion of our work, but shortly before its com- 
munication to the Society on May 21st, Hesse’s second paper on 
the alkaloids of ipecacuanha was published on May 6th (Annalen, 
1914, 405, 1). 

On the evidence afforded by several analyses of emetine base, and 
but very few of its crystalline salts, Hesse withdraws his previous 
formvla, C.5,H,,0,N,, and revives the old formula, C3)H,)O;No, 
which was first proposed by Kunz-Krause as the result of analyses 
of the product known as emetine in the time previous to the 
recognition by Paul and Cownley that the ether-soluble alkaloid of 
ipecacuanha consisted of a mixture of emetine and cephaeline. 
He confirms the presence of four methoxyl groups in emetine, and 
states that the fifth oxygen atom is to be represented by an alcoholic 
hydroxyl group. This statement is, however, inconsistent with the 
fact recognised by him, that the products of acetylation and ben- 
zoylation of emetine are mono-JV-acyl derivatives. 

Hesse has prepared Keller’s trimethylemetine di-iodide in a well- 
crystallised form by a modification of the latter author’s method. 
He controverts, however, Keller’s recognition of this as V-methy]l- 
emetine (di)methiodide, preferring to represent it as emetine 

VOL. CV. 5 0 


1638 CARR AND PYMAN: THE ALKALOIDS OF IPECACUANHA. 


(di)methiodide, but does not attempt to reconcile this explanation 
with the fact that emetine forms a nitrosoamine, and N-acy] deriv- 
atives, and contains, therefore, an imino-group. 

In order to settle this matter beyond doubt we have prepared 
Keller’s trimethylemetine di-iodide by Hesse’s modified method, 
analysed it, and determined in the usual manner the number of 
methyl groups attached to nitrogen atoms. The results show clearly 
that the substance has the formula C,,H,,O,N,I,, and contains 
three methyl groups attached to nitrogen. We have also prepared 
the same compound by the action of methyl iodide on V-methyl- 
emetine, and thus established its constitution as WV-methylemetine 
methiodide. Incidentally, we may remark that both specimens, 
after crystallisation from water and exposure to the air, contained 
3H,O, whereas Hesse finds 4H,O. The melting point of the dried 
salts, and of a mixture of them, was the same, namely, 225—226° 
(corr.). The salt melted with effervescence, but the phenomenon 
of resolidification noted by Hesse could not be observed. In other 
respects the properties of the salt from either source agreed with 
those described by Hesse. 


Found, in salt prepared from emetine: 


dried at 100°: C=49°1; H=6°4; I=32°5. 
air-dried: H,O=6°3; OMe=15'2; Me(attached to N)=5'3. 
Found, in salt prepared from V-methylemetine: 
dried at 100°: C=49'0; H=6°4; I=32°5. 
air-dried: H,O=6'4; OMe=15°2; Me(attached to N)=4°'9. 
CyoHygO,NQI, (778°2) requires C=49°3; H=6°2; I=32°6 per cent. 
Cy.H,,0,NoI,,3H,O requires H,JO=6'3; 40Me=14'9; 
3Me(attached to N)=5'4 per cent. 


In one particular, Hesse’s paper has caused us to doubt the 
correctness of our views. We have represented psychotrine as a 
ditertiary base, but Hesse has now shown that it yields an 
amorphous monobasic ONV-dibenzoyl derivative, on which evidence 
it would appear to be a secondary-tertiary base. 


THE WELLCOME CHEMICAL WorRKS, 
DARTFORD, KENT. 
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THE RELATION BETWEEN THE ABSORPTION SPECTRA, ETC. 1639 


CLIL—The Relation Between the Absorption Spectra 
and the Constitution of Certain isoQuinoline 
Alkaloids and of the Alkaloids of Ipecacuanha. 


By James Jonnston Doxssiz and Joun Jacos Fox. 


Ir is now a well-established fact that certain alkaloids possess 
spectra which are either identical with, or very closely resemble, 
the spectra of the unreduced part of their molecules (T., 1911, 
99, 1254; 1912, 101, 77; 1913, 108, 1193). 

Thus cocaine, piperine, and cinchonine have spectra which are 
very nearly the same as those of benzoic acid, piperic acid, and 
quinoline respectively. In all the alkaloids which have been ex- 
amined, the fully reduced part of the molecule appears to exercise 
little or no influence upon the spectrum of the unreduced part, 
except, perhaps, to increase slightly the general absorption. 

Alkaloids, therefore, which possess the same unreduced nucleus 
may have the same spectra, although they differ considerably in 
composition. This has already been shown to hold good in the 
case of many quinoline alkaloids, and we have been led to suspect 
recently that a similar explanation may apply to the remarkable 
resemblance between the spectra of a large number of tsoquinoline 
alkaloids. Thus the spectra of tetrahydroberberine, laudanosine, 
tetrahydropapaverine, and corydaline are practically the same (T., 
1903, 883, 605, 626). They all show the same amount of general 
absorption, and possess in a WV/1000-solution a band having its 
head at 1/A 3550 =a 2817. 

On examining the formule of these alkaloids, they are all seen 
to possess two unreduced benzene rings of the catechol type: 

-“ Nox 

-!' Jox 

“ee 
where X and X/ represent hydrogen atoms, methyl groups, or a 
methylene group. The structural differences in these alkaloids 
occur in the reduced part of the molecule. If the similarity of 
the spectra is associated with the unreduced part, namely, the 
catechol ring, we should expect catechol and its ethers to give 
spectra similar to those of the alkaloids of the group under con- 
sideration. This we have found to be the case, the resemblance 
being most striking when we compare the spectrum (Fig. 1) of 
creosol (4-hydroxy-3-methoxytoluene) with those of the alkaloids. 
The comparison, of course, must be made between the spectra given 
by two molecular proportions of creosol and one molecular propor- 
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tion of the alkaloid, since one molecule of each of the alkaloids 
contains the catechol nucleus twice. It is then seen that the only 
difference between the spectrum of creosol and that of the alkaloids 
is that the former shows rather less general absorption. 

Thus the characteristic spectra of the alkaloids enumerated above 
are due, not to isoquinoline, but to the unreduced part of the 
molecule. When the isoquinoline is present in an unreduced con- 
dition, as in papaverine, berberine, and dehydrocorydaline, totally 
different absorption spectra are observed. 

While engaged on this investigation, we had oceasion to examine 
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the spectrum of emetine in quite another connexion, and were at 
once struck by its resemblance to that of the ¢soquinoline alkaloids 
referred to above. This pointed to the probability that emetine 
also contained two unreduced rings of the catechol type. At that 
time nothing was known as to the constitution of emetine, except 
that it possessed four methoxy! groups. 

Carr and Pyman have recently undertaken the investigation of 
the structure of emetine (see preceding paper), and their results 
afford some confirmation of our view that this alkaloid contains 
two catechol groups. Thus their discovery of m-hemipinic acid 
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amongst the products of oxidation proves the presence of at least 
one catechol group, whilst the existence of two such groups is 
rendered highly probable by the presence of four methoxyl groups 
in the molecule, coupled with the fact that the band in the spec- 
trum of one molecular weight of the alkaloid is the same as the 
band obtained with two molecular weights of creosol. 

Messrs. Carr and Pyman were good enough to supply us with 
specimens of cephaeline and psychotrine and other products for 
comparison with emetine. The spectrum of cephaeline agrees with 
that of emetine (Fig. 1), thus confirming the conclusion that the 
two substances are homologues. The spectrum of psychotrine is 
totally different, and affords no clue to its constitution. One 
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of the oxidation products of emetine, namely, 6: 7-dimethoxyzso- 
quinoline-l-carboxylic acid, obtained by Carr and Pyman, is of 
interest from its bearing on the constitution of the alkaloid. It 
gives a spectrum (Fig. 1) entirely different from that of catechol, 
although it contains the catechol group. The explanation, no 
doubt, is that in emetine the isoquinoline group occurs in a partly 
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reduced condition, but on oxidation is deprived of part of its 
hydrogen and converted into the unreduced acid (II). 

The spectrum of a group of the structure I would be the same 
as that of the catechol group, and different from that of the 
acid IT. 

Amongst the oxidation products of cephaeline, Carr and Pyman 
obtained a substance which on analysis was found to have the 
formula C.,H,,O,NCI,,HCl. This substance gives nearly the same 
spectrum as creosol or as that of one-half the molecular weight of 
cephaeline. It seems likely, therefore, that this oxidation product 
also contains a catechol group. 

It will be interesting to see how far the conclusions drawn from 
the examination of the spectra of these compounds are confirmed 
when their structure has been more completely worked out by 
Carr and Pyman. 

The case of morphine, another alkaloid containing a catechol 
nucleus, is interesting. There is only one such nucleus in the 
alkaloid, and the comparison with creosol must therefore be made 
between one molecule of the alkaloid and one of creosol. The 
spectra of the two substances are then seen to be very closely 
related, the band being in the same position in both cases, that of 
the alkaloid only differing slightly in width from that of creosol 
(Fig. 2). 

Cryptopine and protopine, alkaloids which also probably contain 
two catechol groups, are distinguished by this peculiarity, that 
whereas the spectra (Fig. 2) of the free bases have an ill-defined 
band, their salts show the characteristic spectra of the other 
alkaloids with which we have dealt in this paper. 


JOVERNMENT LABORATORY, 
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CLIL.—The Reactions of a-Amino-B-hydroxy- 
compounds as Cyclic Structures. 


By James CotquHoun IRviINE and ALEXANDER WALKER FYFE 
(Carnegie Scholar). 


In recent communications in which the constitution of glucosamine 
has been discussed (T., 1912, 101, 1128; 1913, 108, 41; 1914, 
105, 698) it has been shown that the properties of the amino- 
sugar and of certain of its derivatives can be explained on the 
assumption that nitrogen is linked to the oxygen atom of the reduc- 
ing group. The cyclic structure thus produced resembles the 
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betaine ring, and apparently B-aminohexosides, and possibly also 
glucosamine itself, react partly in agreement with such a formula 
and partly according to the normal structure. This is indicated 
in the following scheme, in which only the essential parts of the 
molecules are represented (R=hydrogen, or an alkyl group con- 
taining a short carbon chain): 


-€ H—CH -C H-—CH 
NH,R-O NH, OR 
(A.) (B.) 


The cyclic structure for simple derivatives of glucosamine, in 
the form of the free bases, is certainly consistent with the behaviour 
of these compounds in all reactions in which the amino-group is 
attacked, as, in such cases, the glucosidic group R is also involved. 
On the other hand, when compounds of this type are subjected to 
acid hydrolysis, only the glucosidic part of the molecule is elimin- 
ated ; the amino-sugar is regenerated, and the nitrogen atom is not 
affected. This, on first inspection, points to the structures A and B 
representing the condition of these compounds in the form of the 
free bases and of salt-forming molecules respectively. At the same 
time it has*been noted that although all the aminoglucosides of 
the type A form well-defined salts, they are exceptionally stable 
towards the hydrolytic effect of acids. It would thus appear that, 
even in the form of the additive salts, the cyclic structure is 
preserved, and support is lent to this view by the behaviour of 
methylglucosamine hydrochloride towards nitrous acid. The 
capacity to form salts is, moreover, greatly diminished when the 
potential amino-group in methylglucosamine is methylated, and 
this constitutes a strong argument in favour of the “betaine” 
formula. 

In view of the present position of the subject, it was evidently 
desirable to examine critically the properties of a simple compound 
in which a feebly acidic secondary hydroxyl group is situated in 
spatial proximity to a primary amino-group. For this purpose 
we have selected f-hydroxy-af-diphenylethylamine, which, we 
believed, would present fewer experimental difficulties than purely 
aliphatic compounds containing the necessary groups. Unexpected 
obstacles have been encountered, but our results are sufficiently 
decisive to show that there is a distinct tendency for the compound 
to react in the cyclic form, and that this property is lost when the 
hydroxyl group is replaced by methoxyl. This was shown by 
comparing the effect of successive methylation on B-hydroxy-af-di- 
phenylethylamine (I) and on B-methoxy-a8-diphenylethylamine (IT) 
respectively : 
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OH-CHPh-CHPh-NH, OMe:CHPh-CHPh-NH, 
(L.) (II) 
OMe-CHPh-CHPh-NMe,. 

(III.) 


Both series of reactions should ultimately result in the forma- 
tion of the same form of 6-methoxy-af-diphenylethyldimethylamine 
(III), except on the assumption that the compounds I and II are 
fundamentally different in constitution. The latter idea has been 
realised. 

This result is not altogether surprising when the methods of 
preparing the two types of amino-compounds are compared. The 
hydroxy-amine is obtained by the reduction of benzoinoxime, and 
the amino-group is introduced into a compound in which the 
hydroxyl group already exists, and thus the conditions are favour- 
able for the formation of a cyclic structure. On the other hand, 
the,alkyloxy-amine was prepared from the oxime of benzoin methyl 
ether, so that the stable methoxyl group is already present before 
the amino-group is formed. Restrictions are in this case placed 
upon any tendency to ring-formation. 

On subjecting B-hydroxy-a8-diphenylethylamine to the action 
of silver oxide and methyl iodide, only two methyl groups entered 
the molecule, and it was found impracticable to extend the methyla- 
tion further on account of the great ease with which the alkylated 
product combined with silver iodide. The dissolved material was 
thus precipitated as soon as the equivalent amount of silver iodide 
had been formed. Three possible formule may be ascribed to the 
essential product of this reaction, two of which are based on an 
open-chain structure : 


CHPh:OH CHPh:OMe CHPh-O 
CHPh-NMe, CHPh:-NHMe CHPh-NH Me, 
(IV.) (V.) (VI.) 


Of these possibilities, V can be disregarded, as the compound 
gave a negative result when treated with hydriodic acid according 
to Zeisel’s method for estimating methoxyl groups. The distinction 
between the remaining formule depends on the fact that the 
compound now under discussion did not behave as a base, and 
failed to form any additive salts or a platinichloride. In this 
respect it resembles the alkylmethylglucosamines, which similarly 
combine with silver iodide yet do not form hydrochlorides or other 
salts. Formula VI is thus applied to the compound, which can 
be regarded as the anhydride of #-hydroxy-a8-diphenylethyldi- 
methylammonium hydroxide. 

If this view be correct, the substance should be isomeric with 


a-AMINO-8-HYDROXY-COMPOUNDS AS CYCLIC STRUCTURES. 1645 


the B-hydroxy-aB-diphenylethyldimethylamine (IV) described by 
Goldschmidt and Polonowska (Ber., 1887, 20, 492). According to 
these authors, the substituted dimethylamine (m. p. 108—110°) 
results from the direct action of methy!] iodide on B-hydroxy-aB-di- 
phenylethylamine. This result we cannot altogether confirm, as, 
by laborious crystallisation, a number of compounds may be 
separated from the product melting between 108° and 110°, the 
substance isolated in greatest amount being 8-hydroxy-a8-diphenyl- 
ethylmethylamine, thus indicating the progressive nature of the 
substitution. Complete methylation was only effected by prolonged 
heating with a large excess of methyl iodide to a high tempera- 
ture, and the product then consisted of the methiodide of B-hydroxy- 
aB-diphenylethyldimethylamine, from which the tertiary base (IV) 
melting at 132—133°5° was obtained. 

In crystalline form, solubility, and melting point the compound 
differed from the isomeride described above. The melting points 
certainly do not lie far apart, and in the diphenylethane series it is 
difficult to guarantee these values with confidence, but the melting 
point of a mixture of the two compounds was depressed from 
about 133° to 112°. The isomerism was, however, best shown in 
the behaviour of the two compounds towards acids. In sharp 
contrast with the product of the silver oxide reaction, B-hydroxy- 
aB-diphenylethyldimethylamine, and also the lower homologue from 
which it is derived, reacted as a strong base, and readily formed 
salts and a platinichloride. The isomerism thus established cannot 
be attributed to any specific effect of the silver oxide, and is most 
readily explained on the basis of a cyclic formula for B-hydroxy- 
aB-diphenylethylamine in its reaction with the methylating 
mixture, the alkylation being arrested at the dimethyl stage by the 
precipitation of the product. On the other hand, the use of methyl 
iodide alone results in the substitution of the potential amino- 
group, followed by the formation of a methiodide, the stability 
of which precludes the ring structure being regenerated. Accord- 
ing to this view, B-hydroxy-a8-diphenylethyldimethylamine should 
contain a normal hydroxyl group capable of methylation, although 
in view of the fact that acetic anhydride is without action on the 
compound (Goldschmidt and Polonowska, Joc. cit.) the substitution 
of this group does not take place readily. In our attempts to 
complete the methylation, we encountered similar difficulties. Even 
the process which Fischer applied successfully to benzoin (Ber., 
1893, 26, 2412) led to no result, but, by means of the silver oxide 
reaction, we succeeded in isolating S-methoxy-a8-diphenylethyldi- 
methylamine (III), melting at 125°. As was to be expected, this 
compound reacted as a tertiary base, and is identical with the 
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substance obtained by the methylation of §-methoxy-af-diphenyl- 
ethylamine. 

The reactions of the latter compound we find to be perfectly 
normal. It forms a series of salts and also a platinichloride; the 
methoxyl group is not removed by the action of hydrogen chloride, 
but is easily eliminated in the form of methyl iodide by means 
of hydriodic acid. - Moreover, on treatment with nitrous acid, only 
the amino-group was removed, and the product consisted of the 
hydrobenzoin monomethyl ether described by Irvine and Weir 
(T., 1907, 91, 1390). The methoxyl group is thus normal in all 
its properties, and is not attached in any way to the nitrogen atom. 
When heated with methyl iodide two methyl groups were intro- 
duced into the amino-position, with the formation of the B-methoxy- 
a8-diphenylethyldimethylamine (III) already described. In this 
case also, the capacity to form additive salts and a platinichloride 
is preserved. 

An apparently irregular reaction was shown in the effect of 
silver oxide and methyl iodide on 8-methoxy-af8-diphenylethylamine. 
The amino-group was, as before, completely methylated, and the 
tertiary base formed a methiodide. In the absence of water this 
is not surprising, but the methiodide was isolated in the form of 
an additive compound with silver iodide, C,,H,,ON,AgI,MelI. It 
is difficult to account for this addition of silver iodide, and, in the 
glucosamine series at least, we have been inclined to regard this 
property as associated with the “betaine” structure, but it is 
evident, from the other reactions described, that the compound 
now being considered is a true tertiary amine. It has already been 
noticed that quaternary ammonium salts combine with silver 
iodide. Strémholm (Ber., 1903, 36, 142) describes a tetraethyl- 
ammonium silver iodide, N(Et),I,2AgI, and several other examples 
of similar compounds have recently been prepared by Datta and 
Ghosh (J. Amer. Chem. Soc., 1914, 36, 1020). The power to 
combine with silver iodide thus seems to be a general property of 
methiodides, and is even encountered in the glucosamine series 
(Irvine and Hynd, loc. cit.). 

The various reactions involved in the present investigation may 
be summarised as follows: 
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CHPh: 0 > GHPh: O dat 
CHPh: NHAMe,<— CHPh: NHMe,’ 
4 Form no methiodi: les and no pa 
Ag.O+Mel 
Benzoinoxime —> parce 
7 ' CHPh-NH, 
| Mel 
CHPh-OH CHPh-OH ail CHPh:OH 


CHPh:NHMe ~” CHPh-NMe,<— CHPh-NMe,I 
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CHPh: OMe avila CHPh: ‘OMe CHPh-: OMe I 
CHPh:NMe,<— CHPh-NMe,l” GHPh-NMe,1’"® 
so +a 
Benzoinoxime _. CHPh- OMe yo-no CHPh: OMe 
methyl] ether CHPh: Se C HPh:OH 
| Mer 
CHPh-OMe 
CHPh:N Me,1 


Application of the Results to the Structure of Glucosamine 
Derivatives. 


The possibility that the simple glucosamine derivatives are 
N-cyclic structures is certainly supported by the results of the 
present investigation, which has also a bearing on the nature of 
glucosamine salts. This may be seen by consideration of the silver 
iodide complexes which have been encountered in the course of 
the work. It may be noted that the similar compounds obtained 
by Datta are all derived from quaternary iodides, and are thus 
to be regarded as double salts, the formation of which seems to be 
dependent on the quinquevalency of nitrogen and the exercise of 
the residual valencies of iodine. In the case of compounds con- 
forming to the betaine type, however, the capacity to combine 
with silver iodide is not restricted to salts, but is encountered in 
the di- and tri-alkyl derivatives in the form of the free bases. 
This is shown by the fact that monomethyl- and dimethyl-amino- 
methylglucoside, the corresponding benzylidene derivatives, and the 
anhydride of B-hydroxy-af-diphenylethyldimethylammonium hydr- 
oxide all share this property, which thus seems to be associated 
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, -CH: 
with the group Pong y+ On the other hand, a tertiary amine of 
——s, 


normal structure only acquires this property when the nitrogen 
atom becomes quinquevalent by the addition of an alkyl haloid 
or hydrogen iodide. The most probable explanation is that, in 
the betaines, silver iodide is attached to oxygen through the medium 
of the iodine atom, and that in quaternary salts the addition is to 
the salt-forming part of the molecule. These types, examples of 
which are described in the present paper, are illustrated below: 


-CH-O:1Ag -CH-OR 
-CH-NR, -CH-NR,|:IAg 


and the scheme applies to all the corresponding glucosamine deriv- 
atives recently prepared by us. 

The combined results thus seem to indicate that the salts of 
methylated glucosamines are constituted on the oxonium type, but 
it is difficult to test this idea by direct experimental methods. 
Indirect evidence in support of the view has, however, been 
obtained in the course of this and previous investigations. All the 
alkylamino-compounds now described were subjected to Zeisel’s 
analytical méthod for determining methoxyl groups, the conditions 
being adjusted so that the alkylamino-groups would not be affected. 
In all cases where a normal methoxyl group was absent negative 
results were obtained, and, even in the case of the methiodides, the 
additive molecule of the alkyl haloid was not discharged. On the 
other hand, the methiodides encountered in the glucosamine series 
are easily and quantitatively decomposed by hydriodic acid, and 
this instability may well be due to the linking of the alkyl haloid 
through oxygen. This difference in stability, which renders 
methoxyl estimations somewhat uncertain, is very marked, and it is 
difficult to account for the result on other grounds. Benzylidene- 
methylaminomethylglucoside, for example, behaves as a definite 
ring compound, in which nitrogen is quinquevalent, yet combines 
with methyl iodide in addition to silver iodide. 

Viewing our results as a whole, it would appear that the reactions 
of a-amino-8-hydroxy-compounds are in many respects irregular, 
and that the cyclic structure for glucosamine derivatives is reason- 
ably justified. In the meantime it is uncertain if the acyl and 
amiroacyl derivatives of glucosamine behave as open-chain or as 
cyclic compounds, and this question will form the subject of a 
later communication. 
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EXPERIMENTAL, 
Preparation of B-Hydroxy-aB-diphenylethylamine. 


The conversion of a-benzoinoxime into the corresponding amine 
was in the first instance carried out by the method adopted by 
Goldschmidt and Polonowska (loc. cit,). Some difficulty was experi- 
enced in obtaining a pure product, and the yield of recrystallised 
material did not exceed 40 per cent. of the theoretical amount. 
An alternative method of preparation was accordingly devised. 

Reduction by Zine and Sodium Hydroxide—The oxime (26 
grams) was added to water containing 40 grams of sodium hydr- 
oxide, and the mixture heated in boiling water. During a period 
of three hours, 60 grams of zinc dust were gradually added with 
frequent shaking, after which the liquid was diluted with much 
water and filtered. The bulk of the product remained mixed 
with the zine residues, which were dissolved in hydrochloric acid, 
and the solution decomposed by the addition of sodium hydroxide 
in excess. The precipitate was collected and extracted several 
times with boiling alcohol, and, on concentration of the solution 
thus obtained, the free base crystallised readily in delicate needles, 
melting, after recrystallisation, at 159°. 

By the process just described, the amine may be isolated in a 
very pure condition, but the yield is inferior to that obtained by 
Goldschmidt’s method. 


Action of Silver Oxide and Methyl Iodide on B-Hydroxy- 
aB-diphenylethylamine. 


A solution of the amine (1 mol.) in methyl iodide (10 mols.) was 
mixed with the minimum amount of dry acetone required to keep 
the base in solution when the liquid was cooled, and dry silver 
oxide (3 mols.) was gradually introduced with continual shaking. 
A fairly vigorous reaction ensued, and the liquid boiled gently 
after each addition of the oxide; the silver residues showed a 
distinct tendency to cake, and ultimately set to a hard, grey mass. 
The contents of the flask were largely diluted with ether, and, 
after filtration, the solution was concentrated under diminished 
pressure. A white, crystalline product was thus obtained, which, 
when recrystallised from absolute alcohol, melted at 135—137°. 
This value remained unaltered on further crystallisation, and the 
mean of three consistent combustions was: 

Found: C=79°43; H=8:10. 

C,,H,,ONMe, requires C=79°66; H=7°88. 
C,,H,,ON Me, requires C=: 80°00 ; H = 8°23 per cent. 
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The results serve to discriminate between the dimethyl- and the 
trimethyl-derivative, and the substance differed in melting point, 
crystalline form, and salt-forming properties from S-hydroxy-af-di- 
phenylethyldimethylamine. The melting point of a mixture of 
the two compounds showed a depression of 23°, and the compound 
now described was incapable of forming salts with hydrogen 
chloride or chloroplatinic acid. When subjected to the action of 
hydriodic acid, according to Zeisel’s method of analysis, no methy] 
iodide was liberated, showing that no normal methoxyl group was 
present. The isomerism thus indicated is discussed in the intro- 
duction. 

Examination of the Additive Compound with Silver Iodide.—As 
already mentioned, the alkylation process described above resulted 
in the formation of hard, cement-like silver residues. On shaking 
this solid with ether, it was possible to detach a white, flocculent 
product, which was separated from the silver iodide by decantation 
and collected. The substance proved to be an additive compound 
with silver iodide, and, although decomposed by boiling hydriodic 
acid, no methyl iodide was then liberated. On heating with nitric 
acid, silver‘iodide was quickly formed. 

Found: AgI=48'0. 

CigH,ON,AgI requires Agl=49°4 per cent. 

The additive compound is remarkably stable, and some difficulty 
was experienced in decomposing it into its constituents, as it was 
not affected by boiling with water or by heating with water to 
110° for several hours. The desired decomposition was, however, 
effected by boiling with an alcoholic solution of hydrogen chloride 
for two hours. On concentration of the filtrate a crystalline crop 
separated, which melted at 137°, and, as this value remained 
unaltered after mixing with the product obtained directly from 
the alkylation, it is evident that the two substances are identical. 
It is significant that although the decomposition of the silver 
iodide complex involves the use of hydrochloric acid, no additive 
salt was formed. 


Action of Methyl Iodide on B-Hydroxy-aB-diphenylethylamine. 


This reaction has already been studied by Goldschmidt, but, as 
explained in the introduction, the statements in the literature 
require amendment. 

A concentrated solution of 9 grams of the amine in absolute 
alcohol containing a large excess of methyl iodide was boiled for 
one hour, and, on the addition of sodium hydroxide to the resulting 
liquie, a brown oil was precipitated. This was dissolved in ether, 
the solution washed with water, dried, and concentrated. The oily 
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residue quickly crystallised, and the product, when drained on 
porous porcelain and recrystallised from ether, melted at 137—139°. 
As this value differs considerably from that recorded by Gold- 
schmidt (108—110°), the reaction was repeated several times, the 
only modification ‘introduced being that after the methylation the 
excess of methyl iodide was removed by distillation before the 
addition of the alkali, but a similar result was always obtained. 
The crude product melted at 108—110°, but, on fractional precipi- 
tation from alcoholic solution by the addition of ether, a small 
first crop (m. p. 201—202°), consisting essentially of the methiodide 
of the tertiary base, separated. The main portion, however, still 
melted very indefinitely. Repeated crystallisation from a mixture 
of ethyl acetate and light petroleum, followed by purification from 
ethyl acetate alone, separated the material into two portions, one 
melting at 145—-150° and the other at 120—127°. As no further 
separation could be effected by crystallisation, the former specimen, 
which represented the main product, was converted into the 
platinichloride (m. p. 202—203°). 

Found: Pt=22°57. 

C,;H,,ON,H,PtCl,. requires Pt=22°59 per cent. 

This result shows that B-hydroxy-a§-diphenylethylmethylamine 
is the first product of the methylation. 

Complete methylation of the amino-group took place on heating 
9 grams of B-hydroxy-af-diphenylethylamine with a large excess of 
methyl iodide. No extraneous solvent was used, and the reaction 
was continued for three hours at 100°. On cooling the solution, 
the methiodide of the tertiary base separated, and this, after 
washing with dry ether and recrystallisation from alcohol contain- 
ing ether, consisted of delicate needles melting at 211—212°. 

Found: I=32°81. 

C,,Hy»ONI requires I=33°16 per cent. 

The compound proved to be remarkably stable, as, when heated 
with boiling hydriodic acid (D 1°76) for thirty minutes, no methyl 
iodide was liberated. 

The corresponding tertiary base was liberated from the meth- 
iodide by dissolving in 80 per cent. alcohol and adding aqueous 
sodium hydroxide until just short of the precipitation point. The 
solution was kept at 50° for an hour, and then cautiously diluted 
with water. An oil, which crystallised immediately, was thus 
precipitated, and, after purification, first from ether and afterwards 
from petroleum of high boiling point, 6 grams of B-hydroxy-af-di- 
phenylethyldimethylamine separated in silky, prismatic needles, 
melting at 132—133°5°. The compound was readily soluble in 
organic solvents generally, but sparingly so in hydrocarbons, and 
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readily forms additive salts. The platinichloride melted at 
207—208°. 
Found: C=79°84; H=7°96. 
CigH;ON requires C=79°73; H=7°88 per cent. 


Action of Methyl Alcohol and Hydrogen Chloride on 
B-Hydroxzy-aB-diphenylethyldimethylamine. 

A 5 per cent. solution of the methylated base in methyl alcohol 
containing 5 per cent. of hydrogen chloride was heated for twelve 
hours at 100°. The clear solution, on concentration to a small 
bulk, yielded the hydrochloride of the unaltered base as fine needles 
melting at 250°. On decomposition with sodium hydroxide and 
purification of the product in the usual manner, the base was 
recovered unaltered in composition and melting point. 

The process was repeated, using the conditions adopted by Fischer 
in the methylation of benzoin, a methyl-alcoholic solution of the 
base being saturated with hydrogen chloride, first at the boiling 
point and afterwards at the ordinary temperature. After removal 
of the acid solvent twenty-four hours later, the hydrochloride once 
more separated. On conversion into the corresponding base it was 
found that no reaction had taken place, the melting point not 
being affected, whilst a negative result was again obtained on 
applying Zeisel’s test for methoxyl, using a mixture of hydriodic 
acid and acetic anhydride in equal volumes. No methylation of 
the hydroxyl group had thus taken place. 


Action of Silver Oxide and Methyl Iodide on B-Hydrozy- 
aB-diphenylethyldimethylamine. 


The base was dissolved in excess of methyl iodide containing a 
little dry acetone, but shortly after complete solution had taken 
place a small quantity of a crystalline product (probably the meth- 
iodide) separated, and remained undissolved throughout the reac- 
tion. The solution was maintained at the boiling point, and the 
requisite amount of silver oxide gradually added. During the five 
hours over which the alkylation extended the formation of an 
additive compound with silver iodide was evident. The flocculent 
material was decanted from the compact silver residues, collected, 
and washed with alcohol and ether. The reactions of the com- 
pound showed it to be free from combined methyl iodide, but the 
substance could not be obtained pure enough for analysis. 

The solutién containing the soluble products of the methylation 
was filtered, and, on keeping, a quantity of a pale yellow solid 
separated. Examination of this compound showed it to be the 
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methiodide of the alkylated base combined with silver iodide. The 
mother liquor, which had deposited this compound, was evaporated, 
the crystalline residue dissolved in alcohol, and the solution decom- 
posed by the addition of aqueous sodium hydroxide. An oil 
separated, which gradually crystallised, and, after purification of 
the product in the usual manner, the product was identified as 
B-methoxy-aB-diphenylethyldimethylamine melting at 123—125°. 
The identity of the compound with that obtained from B-methoxy- 
aB8-diphenylethylamine was confirmed by the preparation of the 
platinichloride and by a Zeisel estimation (Found, OMe=11°2. 
C,;Hs,ON requires OMe=12°2 per cent.). 


Preparation of B-Methoxy-aB-diphenylethylamine. 


The benzoin methyl ether required was prepared by the silver 
oxide method (T., 1907, 91, 1391) and converted in the usual 
manner into the oxime melting at 130—-131°. The reduction of the 
compound to the corresponding amine proceeds with unusual diffi- 
culty, but may be accomplished by either of the following methods. 

Reduction by Zine and Sodium Hydroxide.—In this process, 
which is based on a standard method (Ber., 1899, 32, 1539), 
18 grams of the oxime were brought into solution by heating on a 
water-bath with 94 c.c. of 8N-sodium hydroxide. The liquid was 
then mixed with an equal bulk of water, heated to 80°, and 
28 grams of zinc dust were gradually added with frequent shaking. 
The odour of a volatile amine was at once apparent, and, after 
two hours’ treatment, the liquid was subjected to distillation in 
steam. ‘The milky distillate was saturated with salt, extracted 
with ether, and the extract dried and evaporated to dryness. A 
semi-crystalline oil remained, from which the solid product was 
separated by draining on a tile. On dissolving in 80 per cent. 
alcohol and gradually diluting the filtered liquid with hot water 
until the solution became slightly turbid, the base separated on 
cooling in glistening needles melting at 82—-86°. Repeated crystal- 
lisation from dilute alcohol in the manner described above had 
very little effect on the melting point, which finally showed a range 
of three degrees (84—87°). 

The yield of the base obtained by the above process was extremely 
small, and was not improved by any variations of the method. 

The residue remaining in the flask after steam distillation con- 
tained a considerable amount of unchanged oxime, but the experi- 
mental loss seems chiefly due to the fact that the basic product 
crystallises with great difficulty, and the large quantity of oil 
absorbed by the porous plate fails to deposit more crystalline 
material. 
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Reduction by Sodium Amalgam.—A solution containing 25 grams 
of benzoinoxime methyl ether dissolved in 180 c.c. of 80 per cent. 
alcohol was rendered slightly acid by the addition of glacial acetic 
acid, and 600 grams of 2°5 per cent. sodium amalgam gradually 
added with vigorous stirring. The reaction was continued for five 
days, the system being képt feebly acid by the continuous addition 
of acetic acid. After separation of the mercury, the solution was 
poured into water, when the unchanged oxime separated as an oil, 
which was retained by passing the liquid through a filter paper, 
and, on the addition of concentrated ammonium hydroxide to the 
filtrate, the oily basic product was precipitated. This was extracted 
with ether, and the further treatment of the product was as 
described in the first-mentioned method of preparation. In this 
case also, the yield was extremely small owing to the formation of 
uncrystallisable oils. 

B-Methoxy-a8-diphenylethylamine crystallises in colourless, pris- 
matic needles, melting at 84—-87°, and is freely soluble in organic 
solvents, but practically insoluble in cold water. The free base 
gave, on analysis by Zeisel’s method, OMe=12°4 (Calc., OMe=13°6 
per cent.), thus showing that the position of the methoxy-group is 
normal. The compound readily formed salts, and the platini- 
chloride crystallised in yellow needles, which decomposed at 185°. 


Found: Pt=22°57. 
C,;H,,ON,H,PtCl; requires Pt=22°59 per cent. 


Methylation of B-Methoxy-aB-diphenylethylamine, 


A solution of the base in a large excess of methyl iodide was 
boiled under a condenser for an hour and a-half, after which the 
solvent was evaporated on a water-bath. The residual oil, when 
kept in a vacuum desiccator, solidified to an amorphous mass, which 
was dissolved in cold alcchol, the liquid filtered, and the base 
precipitated in the crystalline state by addition of excess of sodium 
hydroxide solution. The product, after washing with water and 
sdveral crystallisations from very dilute alcohol, consisted of 
glistening needles melting at 123—125°. Analysis showed the com- 
pound to be B-methoxry-aB-diphenylethyldimethylamine. 

Found: OMe=14°2. 

C,,H,,ON requires OMe=12°2 per cent. 

The alkylated base gave a well-defined platinichloride, which 
decomposed at 205—206° (uncorrected). 

Found: Pt= 21°84, 21°23. 

C,,H,,ON,H.PtCl, requires Pt=21°22 per cent. 


Se 
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Action of Silver Oxide and Methyl Lodide on B-Methoxy- 
aB-diphenylethylamine. 


Silver oxide (1 mol.) was added to a solution of the base (1 mol.) 
in excess of methyl iodide, and the liquid gently heated under a 
condenser. Caking of the silver residues was at once apparent, 
and a white additive compound was rapidly formed. After ninety 
minutes the flocculent product was decanted from the compact 
silver residues, washed successively with hot alcohol and ether, and 
dried at 100°. No crystallising medium could be found for the 
compound, which was, however, quite white. The reactions indi- 
cated that the compound was a complex of the methiodide of the 
original base with silver iodide, and analysis confirmed this view. 

Found: Agl=37'7; OMe=4'2. 

C;,H,,ONI,AgI requires AgI=37°3; OMe=4'9 per cent. 

The additive molecule of methyl iodide is thus stable under the 

conditions of the analysis. 


Action of Nitrous Acid on B-Methoxy-aB-diphenylethylamine. 


An ethereal solution of the amine was vigorously shaken with 
water containing 1 molecular proportion of nitrous acid, but no 
reaction took place. The ether was accordingly removed, and the 
free base thus obtained in the form of oil globules floating on the 
surface of the aqueous solution of the acid. On heating gently, 
nitrogen was evolved, and, on the cessation of the reaction, the 
product was extracted with ether, the solution dried and neutralised 
by keeping in contact with anhydrous potassium carbonate, and 
finally evaporated. The syrup thus obtained crystallised on mixing 
with light petroleum, and the product was identified as hydro- 
benzoin methyl ether (Found, OMe=13'47. C,,H,,O, requires 
OMe=13'6 per cent.). 


Action of Acetyl Bromide on Hydrobenzoin. 


This reaction was carried out in the hope that one hydroxyl 
group in hydrobenzoin would be brominated and the other esteri- 
fied. A parallel reaction with acetyl chloride is quoted in the 
literature, and ‘obviously such a compound would be valuable in 
extending the present investigation. Our results show clearly, 
however, that the two hydroxyl groups react symmetrically towards 
acetyl bromide, and despite many variations of the process we 
have been unable to obtain the desired compound. The reaction, 
which is vigorous, results in the formation of hydrobenzoin 


diacetate (m. p. 134°) and a-stilbene dibromide (m. p. 242°), 
5 P2 
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together with small quantities of hydrobenzoin monoacetate (m. p. 
82—83°). 


The authors are indebted to Dr. W. N. Haworth for many 
valuable suggestions, and to the Carnegie Trust for a grant in aid 
of the investigation. 
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CLIV.—The Viscosities of Mixtures of Formamnide 
with the Alcohols. 
By Sotomon EnciisH and WiLL1aM Ernest STEPHEN TURNER. 


In a recent paper (Merry and Turner, this vol., p. 748) it was 
shown that formamide forms mixtures of maximum viscosity with 
the aliphatic acids (except formic acid) and with isoamyl alcohol 
at 0°; no maximum, however, occurs with (water), methyl and 
ethyl alcohols at 25° or 40°. The results with the alcohols were 
interpreted as an indication that maxima on viscosity curves are 
not always to be regarded as due to chemical combination, and 
that they might occur at some point in the series of mixtures of a 
given substance with the members of any homologous series. 
Before applying tests to other homologous series, it was thought 
desirable to confirm the result with isoamyl alcohol by making 
measurements at 25°, and to test n-propyl and ‘sobutyl alcohols 
so as to determine at what stage in the alcohol series a curve con- 
taining a maximum was obtained. 

The results of these measurements are represented in the 
diagram below. For the sake of comparison, the viscosity curves 
with formamide—water, formamide-—methyl alcohol, and formamide— 
ethyl alcohol have been added, but it is to be noted that, as slightly 
different values for the viscosities of formamide were found in the 
two investigations, the two sets of curves co not converge quite to 
the same point. 

The diagram illustrates in a striking way how the viscosity curve 
may change its type as one ascends the homologous series, just as 
the vapour-pressure curves of aqueous alcohol solutions alter in 
form as the molecular weight of the alcohol varies. With water, 
methyl alcohol, and ethyl alcohol the observed viscosities, when 
mixed with formamide, are always less than the calculated, the 
deviation, as seen from the curves, being greatest with water and 
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least with ethyl alcohol. On passing to n-propyl alcohol, the devia- 
tion becomes positive (except over a short range), but no maximum 
occurs; with tsobutyl and isoamy! alcohols, however, a pronounced 
maximum is found. 

Another interesting point in the »-propyl, ¢sobutyl, and tsoamyl 


"| 


<x 10°. 


Absolute viscosity 


0 10 20 30 40 50 60 70 80 90 100 
Formamide, per cent. 


alcohol curves is the formation of a minimum point. The n-propyl 
alcohol curve is merely sinuous, and the two other curves, which 
form a new type,* are produced by further distortion of the 
sinuous type. 


* The only other example known appears to be sulphuric acid and water (Dunstan 
and Wilson, T., 1907, 91, 83). The existence of a minimum at 0° in the formamide- 
isoamyl alcohol curve was found by Drucker and Kassel (Zeitsch. physikal. Chem., 
1911, 76, 367). 
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As there is no evidence that formamide combines with water 
and the lower alcohols (Merry and Turner, /dc. cit.), there is no 
reason to connect the maxima on the isobutyl and isoamyl alcohol 
curves with chemical combination. 


ExPERIMENTAL. 


The methods employed were in the main those of the previous 
investigation. The temperature of the determinations was 25°0°. 

We have previously remarked on the difficulty of obtaining pure 
formamide by the process of fractional freezing. During the pre- 
sent investigation, the melting point was only raised from 0°6° to 
1:0° as the result of about twenty successive freezings. Fractional 
distillation, the method mainly used previously, is much more 
effective, and a sample of freezing point 2°2° was obtained by this 
process, this being the highest freezing point yet recorded for the 
substance. All the samples employed froze between 2°0° and 2°2°. 
The density (p) (determined in 10 c.c. specific gravity bottles) was 
1°1314, against 1°1311—1'1321 for fifteen previous samples (Merry 
and Turner, Joc. cit.). The viscosity (ny) observed was slightly 
lower, the values 0°03299 and 0°3302 for two different samples being 
obtained, compared with the previous number 0°3359. 


Formamide and n-Propyl Alcohol. 


Formamide, Formamide, 

per cent, p- N- per cent. p» 1. 

100-00 -- — 40-01 0-9090 0:02622 
88-77 1-0850 0-03270 30-01 0-8799 0:02396 
79-33 1-0472 0-03233 20-03 0-8519 0-02223 
70-06 1-0114 0-03122 9-97 0-8247 0-01987 
60-04 0-9753 0-02985 5-45 0-8132 0-01935 
50-01 0:9411 0-02790 0-00 0-7999 0-:01928 


Formamide and isoButyl Alcohol. 


Formamide, Formamide, 
per cent. p» n- per cent. ps n 
100-00 1-1307 0-03302 40-12 0-9083 0-03685 
89-91 1-0854 0-03483 30-16 0-8778 0-03524 
80-05 1-0475 0-03646 19-98 0-8488 0-03315 
70-00 1-0091 0-03757 10-04 0-8223 0-03142 
60-19 0-9745 0-03866 5-00 0-8095 0-03136 


50-02 0-9398 0-03811 0-00 0-7975 0-03368 
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Formamide and isoAmyl Alcohol. 


Formamide, | Formamide, 
; per cent. p- Ne per cent. ps N- 
100-00 1-1314 0:03299 30-02 0:8828 0:03993 

89-99 1-0870 0:03567 | 20-05 0:8553 0:03799 
80-06 1-0485 0-03800 | 15-08 0-8422 0:03687 
70-02 1-0115 0-04071 | 10-14 0:8296 0-03571 
60-05 0-9756 0-:04252 | 4-99 0:8243 0:03579 
49-99 0:9413 0:04273 0-00 0-8060 0-3798 
40°00 0:9108 0-04174 | 


CHEMISTRY DEPARTMENT, 
Take UNIVERSITY, SHEFFIELD. 


CLV.—Synthetic Hydrocarbons Allied to the Terpenes. 


By Water Norman Hawortu and ALEXANDER WALKER FYFE 
i (Carnegie Scholar). 


THE production of ketones from nitriles by the application of the 
Grignard reagent is a method which has hitherto been restricted to 
several mixed ketones in the aromatic and aliphatic series (Blaise, 
Compt. rend., 1901, 188, 1217). Owing to the possible utility of 
the process as a mode of synthesis in the hydroaromatic series, it 
seemed expedient to extend these investigations to other classes of 
ketones, and in this communication a description is given of the 
preparation of three methyl ketones of the cyclohexene series, and 
their subsequent conversion into carbinols and hydrocarbons allied 
to the terpene group. 

The initial material employed in two of the three ‘cases was 
optically active, and the effect of various synthetic changes upon 
the rotation values has been studied at every stage; these results 
may again be referred to in a future communication, when other 
data also will come under review. Similarly, the molecular refrac- 
tion values are recorded, and these are found to be in agreement 
with the ideas expressed by Auwers and Eisenlohr as to “ disturbed 
conjugation,” the hydrocarbons now described being interesting 
examples of this phenomenon. 

d-1-Methyleyclohexan-3-one served as the initial material, con- 
densation of which with ethyl sodiocyanoacetate gave rise to what 
we believe to be, for the reasons stated below, a mixture of two 
cyclic unsaturated esters and their acids, (I) and (II): 


OHMe-CH 
CH, CH,—CH> 0+ CHNa(CN)-CO,Et —> 
on, <CHMeCHs, 6.94 (0N)-00,H 


CH,—CH, 
(I) 


1660 HAWORTH AND FYFE: SYNTHETIC 


por CH < on -0 CH 


7 O'CH(CN)-CO,H 
7 

The elimination of carbon dioxide by the distillation of the 
cyano-acids may thus be expected to lead to a mixture of the 
nitriles (III) and (IV), and this product was submitted to the 
action of magnesium methyl iodide under a variety of conditions. 
In the most favourable circumstances the yield of ketone, so 
obtained, corresponds with about 33 per cent. of that theoretically 
possible, the other products formed being very soluble in water, 
and non-volatile: 


CHMe:CH - CHMe’CHy nay. 
CH,<on —cH, >C-CH,-CN—> CH,<, CH,—CH, >C-CH,:COMe 
(III.) Vv. ) 
_ Qa CH»>c-CH,CN —> CH <n Cnp>C-CH,-COMe 
*(v.) (VI.) 


A mixture of the optically active ketones (V) and (VI) was thus 
presumably formed, and, owing to the differing solubilities of the 
semicarbazones derived from this, it was found possible to effect a 
separation into two isomerides, which show different optical rota- 
tions, and, moreover, the ketones regenerated from them possess 
widely different rotation values and slightly different refractive 
indices. This difference is maintained also in the carbinols 
and hydrocarbons prepared from the two specimens of ketones. 
Two possible explanations may be offered: either partial race- 
misation has occurred in the original condensation, with the 
formation of a little of the dl-compound, which, at the semi- 
carbazone stage, is much more soluble than the pure active semi- 
carbazone, .and that this forms a eutectic mixture with the 
active component; or that the semicarbazones of two structurally 
isomeric ketones (V) and (VI) are present, which can only have 
been formed from a mixture of the two nitriles (III) and (IV), 
and these in turn from the two acids (I) and (II). In view 
of all the facts, we are inclined to favour the latter alternative, 
and accordingly the formule are for the present based on this 
view. The other possibility, that the existence of two semi- 
carbazones may be attributed to a stereochemical difference in the 
nitrogen linkings, must be disallowed, because the regenerated 
ketones are not identical. Should the above explanation prove to 
be the correct one, the method of separating ketones differing only 
in the position of their double linkings should be capable of further 
application, and in this respect it will rank with the fractional 
esterification method devised by Haworth and Perkin for separating 
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similarly related acids (T., 1908, 93, 585). The constitution 
assigned to the ketone (VI) is based upon the oxidation of the 
hydrocarbon (X) derived from it (see p 1668). 

The compound (VI) has been prepared by Wallach by a different 
method, namely, by condensing d-l-methylcyclohexan-3-one with 
acetone in the presence of sodium ethoxide, various other products 
of high boiling point being formed simultaneously. We have 
verified the constitution latterly assigned by Wallach to these 
substances, the present formule superseding the zsopulegone struc- 
ture to which adherence was formerly given (Annalen, 1898, 300, 
268; 1912, 394, 362). The physical constants determined by us 
for the ketone (VI) are in substantial agreement with the values 
previously recorded. We can also confirm the melting point (144°) 
quoted for the sparingly soluble semicarbazone, and we find that 
the soluble portion, which is about equal in amount to the insoluble 
semicarbazone, melts at 132—133°. 

Use was made of these ketones for the synthetic preparation of 
the following carbinols and higher homologues of the terpenes: 


CHMe-CH Ta 
CH,—CH,-© CH,:CMe,-OH —> 


(VII) 


(V.) —> CH,< 


CH <oH cH iH >C'CH:CMe, 


(IX.) 


>C-CH,:CMe,-OH —> 


(VIL) > CH, <CHMer CH, 


H,—-CH 
(VIII) 


CH <oH “atp>C:CH:CMe, 
x ) 

The method of eliminating water from a carbinol, such as 
(VIII), by the use of oxalic acid, generally leads to the formation 
of a dimethylvinyl grouping, as in the case of terpinolene, and 
in this instance the production of a substance possessing conjugated 
double linkings is indicated by the inability of the hydrocarbon to 
combine with more than one molecular proportion of bromine. 
The constitution of the hydrocarbon has also been controlled by 
oxidation with permanganate, when §-methyladipic acid was iso- 
lated, a degradation which may be formulated: 


CHA Cite>C-CH:0Me, —> CH, <cH,0oH 
(X.) 


The formula (IX) is assigned to the other hydrocarbon, derived 
ultimately from the more soluble semicarbazone of the ketone (V), 
and there can be little doubt that it consists essentially of this 
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isomeride. Both hydrocarbons give the usual terpene tests, and 
distil at 190—192°. 

The optically active hydrocarbons (IX) and (X) are interesting, 
not only for the purpose of the comparison of their physical and 
chemical properties with the terpenes, but also because they con- 
form to the rule laid down by Auwers and Eisenlohr (J. pr. Chem., 
1910, [ii], 82, 65) regarding the molecular refraction values. Since 
both contain conjugated double linkings which are modified by the 
presence of substituent groups in the side-chain, and by ring- 
formation which is tantamount to substitution of the unsaturated 
chain, the normal exaltation noticed in ordinary cases should be 
considerably diminished, and the results harmonise with this view, 
the effect of “multiple disturbance of conjugation” being thus 
manifested. The special type of modified conjugation illustrated in 
these examples is seen to be of the order CHX:CX*CH:‘CX,, where 
X represents the “disturbing group” substituting the normal 
butadiene chain. 

The crystalline phenylurethanes of the two carbinols have been 
prepared, and although the melting points lie near together, as is 
frequently the case with these derivatives, yet their non-identity 
was shown by the depression of the melting point of the mixed 
substances. 

An alternative method of effecting the dehydration of the carbinol 
(VIII) by heating with potassium hydrogen sulphate, led to the 
production of a different hydrocarbon, which presumably contains 
the zsopropenyl grouping, and consists principally of the substance: 


CH On p> -OH,-CMe:CH, . 


This possessed a Dishes rotation than either of the hydrocarbons 
IX or X. 


(The following work is contributed by Mr. James Mackay.) 


From a lower homologue of the nitriles (III) and (IV) (compare 
T., 1908, 98, 1959) acetonyl-Al-cyclohexene (XI) was generated by 
the Grignard reaction, and the properties of this substance corre- 
spond with the observations made by Wallach (loc. cit.) on the 
compound prepared by him in a different way. On treatment with 
magnesium methyl iodide, the ketone gave rise to the carbinol or 
terpineol (XII), and elimination of water from the latter by the 


oH, <CHs CHS 0-0H,-ON—>0H,< Cis CHS 0.0H,-COMe —> 


OH,-CH, CH,-CH, 
"(XL) 
CH ‘on? on -OH,-CMe,-OH -> CH <ont CH >C'CH:CMe, 
(XII) (XIIL ) 
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agency of oxalic acid led to the formation of the hydrocarbon 
(XIII), which belongs to the terpene class, C,)H,,, but is not a 
menthadiene : 

A study of the properties of this terpene confirms the isopropyl- 
idene structure, since it combines with only one molecular propor- 
tion of bromine. The small exaltation of the molecular refraction 
is comparable with the values recorded for the similarly constituted 
hydrocarbons (IX) and (X), so that the terpene conforms to the 
type of compound exhibiting “disturbed conjugation.” 

A table showing the physical constants of some of the compounds 
described is subjoined. 


[a]p. Ny» D. M,. M (calc). 
(v.) < CH,"COMe ...... +60-7° 1:4704 0:9202 4612 45-72 
! \ 
(VL) ¢ > CH, COMe rr 82°8 1:4687 09197 46-01 45°72 


! 
(VIL) 4 CH, 'CMe,’0H... 49°5 11-4757 0°9109 51:99 51-85 


! 


(VILL) < >°CH,"CMe,"OH... 68-21-4786 09128 5215 51-85 
— 
| 

(IX.) < »CH:CMe, siiniaiea 54°8 14802 0°8531 49°97 49:86 
| 

(X.) "4 'CH:0Me,......... 63-9 14793 08445 50°39 49°86 
| 
F \ e ° " ‘ ‘ RQ-1¢ . 
x > CH,CMe:CH,... 68'S 1:4768 0°846 50°13 49°86 

(XIL) @ S°CH,CMe,OH...  —  1:4804 09258 47:29 47-24 

(XIIL) ai Seu: CMe, 2.0002. —  1°4584 08537 45°69 45°24 

EXPERIMENTAL. 


Condensation of d-1-Methylcyclohexan-3-one with Ethyl Cyano- 
acetate. Preparation of 1-1-Methyl-A* and A®-cyclohezxene-3- 
cyanoacetic Acids and their Ethyl Esters, 

CH oH OHO CH(ON)-CO, Bt, 
(7 

CHO cH C’CHICN) CO, Et, 

Equimolecular quantities of d-l-methylcyclohexan-3-one, which 
showed [a], 13°8° (in acetone), and ethyl sodiocyanoacetate, were 
mixed in absolute ethyl alcohol and gently heated on the water- 
bath. After a few minutes, the sodium derivative, which was at 
first in suspension, dissolved, and, on continuing the heating for 
half an hour, a yellow solid separated, which was the sodium salt 
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of the required acid. This was dissolved in water, decomposed by 
acidifying with hydrochloric acid, and extracted twice with ether. 
The ethereal solution was washed free from alcohol, and then shaken 
with. sodium carbonate solution to remove the organic acid formed 
as the result of the condensation, and this was afterwards worked 
up separately (4). The ethereal solution was dried, filtered, and 
evaporated, when the residue yielded on distillation a small 
quantity of the nitrile (see below) and also the ethyl esters men- 
tioned at the head of this section, the latter distilling at 174—-175°/ 
25 mm. 

An alternative method of effecting the condensation as a means 
of preparing only the esters in quantity is as follows. Equi- 
molecular proportions of d-l-methyleyclohexan-3-one and _ ethyl 
cyanoacetate were mixed, and a few drops of piperidine added. 
On keeping overnight, the mixture became turbid, owing to the 
separation of water; it was heated on the water-bath for half an 
hour, then diluted with water, washed twice with dilute hydro- 
chloric acid, dried, and distilled, when the mixed d-ethyl 1-methy]l- 
A? and A%-cyclohexene-3-cyanoacetates were obtained in quantita- 
tive yield as a colourless oil, which showed the following properties: 

B. p. 174—175°/25 mm.; n)=1°4924; DY=1:029; M,=58'4 
(cale. M=56°4) ; [a], —58°1° (in acetone solution, c=3°3 per cent.). 

An analysis gave the following figures: 

0°1675 gave 10°25 c.c. N, at 15° and 756 mm. N=7'1. 

C,,H,,O,N requires N=6°8 per cent. 


Isolation of the Mixed Free Acids. 


The sodium carbonate extract above (A) yielded, on acidifying 
with mineral acid, a yellow oil, which was extracted with ether. 
The ethereal solution was dried and evaporated, when the residue 
solidified to a hard cake, which was drained on porous tile and, 
by recrystallisation from benzene, was obtained in colourless, pris- 
matic needles, melting at 88°, and having [a],—68°2°. The corre- 
sponding inactive compound melts at 112° (compare T., 1910, 
97, 488): 

0°1075 gave 0°2633 CO, and 0°0724 H,O. C=66'8; H=7-4. 

C,,H,;0,N requires C=67°0; H=7°2 per cent. 


d-1-Methyl-A?-cyclohexene-3-acetonitrile, 


CHMe-CHy,.a47 . 
CHy<on —on,-© CH,°CN, 


and the A®-Isomeride. 


In order to effect the elimination of carbon dioxide, the above 
mixture of acids (46 grams) was slowly distilled under diminished 
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pressure (90 mm.), and the resulting nitrile collected between 150° 
and 160°. It was purified by again fractionating, when it distilled 
constantly at 151°/90 mm. as a colourless oil, having the charac- 
teristic disagreeable odour of a nitrile, the yield being 25 grams. 
A further quantity of the compound was obtained by distilling the 
oil from the porous tiles which had been used to drain the above 
acid : 

Ny =1'4760; D 0°9301; M,=40°91 (cale. M=40°86). 

[a], + 69°4° (c=3°5 per cent. acetone solution). 

0°1339 gave 12°2 c.c. N, at 15° and 753 mm. N=10°6.. 

CyH,,N requires N=10°4 per cent. 


d-1-M ethyl-A? “" *-cyclohexene-3-acetamide. 


During the distillation of the crude acid, which was carried out 
as just described, a white, crystalline substance appeared in the 
condenser at the end of the distillation. This had evidently been 
formed in small amount by the action of alkali during the initial 
condensation. It was collected on porous tile and recrystallised 
from a mixture of ethy] acetate and light petroleum, from which 
it separated in long needles, which appeared, when pressed together 
on the filter, as colourless, glistening plates, melting at 150°. 

[a], +90°0° in 0°75 per cent. acetone solution : 

0°0986 gave 0°2533 CO, and 0°0882 H,O. C=70°06; H==-9°94. 

01527 ,, 12°7 cc. Ny at 14°6° and 766 mm. N=9'6. 

C,H,,ON requires C=70°58; H=9°80; N=9°2 per cent. 


The Effect of the Grignard Reagent on d-1-Methyl-A?-cyclohezxene- 
3-acetonttrile and its A®-lsomeride, 


Isolation of d-1-Methyl-3-acetonyl-A*-cyclohexene and of its 
A3-Tsomeride. 


Several preliminary experiments were instituted with a view 
to discover the best conditions for the production of the above 
ketones, and the following represents the method by which the 
most successful results were attained. Even a slight deviation 
from this detailed account was found to have a detrimental effect 
on the yield of product. The Grignard solution consisted of mag- 
nesium methyl iodide made from 3°5 grams of magnesium and 
21 grams of methyl iodide in 100 c.c. of dry ether, and to this 
100 c.c. of toluene were added, and afterwards 8 grams of the 
nitrile dissolved in 25 c.c. of ether. The mixture was heated 
gently on the water-bath for an hour, then cooled, and the product 
decomposed by ice-water and distilled in steam. After the ether 
had distilled over, the receiver was changed, and a light oil, having 
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a pleasant odour, was collected. This was extracted with ether in 
the usual way and distilled, when it boiled constantly at 143°/ 
90 mm. In order to remove traces of unchanged nitrile, the oil 
was converted into the crystalline semicarbazone, which had already 
been described by Wallach (Annalen, 1898, 300, 269). This deriv- 
ative was deposited slowly from the oil, and it is preferable to use 
a dilute solution of semicarbazide in its formation. Im all, 60 
grams of the nitrile were treated as described, in lots of 10 grams, 
which gave 32 grams of the crude ketone, and from this 24 grams 
of the recrystallised semicarbazone were obtained. Separation into 
the two isomerides was effected by digesting the mixed semi- 
carbazones for two hours with a large volume of ether, the insoluble 
portion being collected and again recrystallised from dilute 
alcohol, when it melted at 142—143°, and showed [a],,+70°4° in 
0°75 per cent. acetone solution. (Found, C=62°9; H=9'2. Calc., 
C=63'1; H=9'l per cent.) The soluble semicarbazone was re- 
covered from the ethereal solution by evaporation, and, after 
recrystallising from dilute alcohol, it melted at 132—133° and 
showed [a], +57°8° in acetone: 
0°1015 gave 0°2350 CO, and 0°0861 H,O. C=63'1; H=9-4. 
C,,H,ON; requires C=63'1; H=9'1 per cent. 


Isolation of d-1-Methyl-3-acetonyl-A®-cycloherene, 
is CHMe:CH . 
CHe< GH —C 720-CH,"COMe. 

The sparingly soluble semicarbazone (m. p. 142—143°) was dis- 
tilled in steam in contact with an excess of oxalic acid, when the 
ketone was rapidly liberated, and collected in the receiver. The 
light oil was extracted by saturating the aqueous distillate with 
ammonium sulphate and shaking with a considerable bulk of ether, 
the ethereal extract being dried and distilled. The pure ketone 
boiled at 103—105°/17 mm. 

n, 1°4687; Di 0°9197; M,=46°01 (cale., M=45°72). 

|a],, + 82°8° (in 1 percent. acetone solution). 


Isolation of d-1-Methyl-3-acetonyl-A®-cyclohexene, 


CHMe-CH ' 
CHS ou —CH,> OC CH2COMe. 

The readily soluble semicarbazone (m. p. 132—133°) was sub- 
jected to the treatment described above, and the ketone, distilling 
at 106—108°/24 mm., was obtained. 

My 1°4704; Di> 0°9202; M,, 46°12. 

|a],, + 60°7° (in acetone). 
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d-1-Methyl-3-isobutanol-A*-cyclohexene, 
CH cH BDC: -CH,-CMe,:OH. 


~ 


To a well-cooled ‘Grignard solution containing 22°5 grams of 
methyl iodide and 3°8 grams of magnesium in 250 c.c. “of ether, 
12 grams of d-1-methyl-3-acetonyl-A*-cyclohexene were gradually 
added, and the mixture was heated on the water-bath for half an 
hour. The solution, on cooling, was decomposed by pouring into 
a large volume of ammonium sulphate solution saturated at 0°, and 
maintained at this temperature by powdered ice. The aqueous 
solution was twice extracted with ether, and the ethereal solution 
dried and evaporated, when the residue, consisting of the above 
carbinol in quantitative yield, was found to distil at 82°/1°7 mm. 
as a colourless oil, pessessing a characteristic odour of terpineol. 

nm, 1°4786; D? 0°9128; M,=52°15 (cale., M=51°85). 

[a], -+68°2° (in 0°8 per cent. acetone solution) : 

0°0810 gave 0°2331 CO, and 0°0857 H,O. C=7848; H=11°75. 

C,,H.)0 requires C=78°57 ; H=11°90 per cent. 

When a little of the carbinol is dissolved in acetic anhydride 
and a drop of concentrated sulphuric acid added, a purple-red 
coloration is produced. 

The phenylurethane melted at 117—119°, and formed colourless, 
silky needles: 

0°0925 gave 4°2 c.c. Ny at 15° and 748 mm... N=5'l. 

C,,H,;O,N requires N=4'9 per cent. 


d-1-Methyl-3-isobutanol-A?-cyclohexene, 


CH oH oH C CH,-CMe,-OH. 


This substance was produced when d-l-methyl-3-acetonyl-A’- 
cyclohexene was subjected to treatment similar to that described 
above for the A?-compound. The product consisted of a colourless 
oil having a pleasant odour of lemons, and distilling at 81°/ 
0°58 mm. 

Ny 1°4757; DP 0°9109; M,=51°99 (cale., M=51°85). 

[a],+49°5° in acetone: 

0°0984 gave 0°2829 CO, and 0°1025 H,O. C=7841; H=11°57. 

C,,H 0 requires C=78°57; H=11°90 per cent. 

The carbinol also gave the purple-red colour test’ mentioned in 
the case of the A®-isomeride. 

The phenylurethane was similar in appearance to the former 
compound, but melted at 115—-116°; and, moreover, a mixture of 


a 
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the two specimens showed a depression of melting point to 


112—115°. 
d-1-M ethyl-3- ee 
CH. <CH, yon > C: -CH:CMe,. 


The dehydration of the carbinol, d-1-methyl-3-<sobutanol-A*- 
cyclohexene, was effected by digesting with an aqueous solution of 
oxalic acid and then distilling the resulting hydrocarbon in steam. 
The distillate was extracted with ether, the ethereal solution dried, 
and fractionated after removal of the ether. The total product 
boiled between 185° and 193°, and this was finally rectified by dis- 
tilling over metallic sodium in an atmosphere of hydrogen, when 
the pure hydrocarbon boiled constantly at 190—191°. 

My 1°4793; DP 0°8445; M,=50°39 (cale., M=49°86). E3=0°35. 

[a}p + 63°9°. 

0°0903 gave 0°2897 CO, and 0°0992 H,O. C=87'5; H=12°2. 

C,,H,, requires C=87°9; H=12'1 per cent. 

Titration with Bromine.—0°493 Gram of the hydrocarbon was 
dissolved in 2 c.c. of amyl alcohol, mixed with 4 c.c. of dry ether, 
and cooled by placing in a freezing mixture. A _ solution of 
bromine in dry chloroform was then added until saturation was 
complete. It was found that 0°52 gram of bromine had combined, 
whilst the theoretical amount of bromine necessary for the forma- 
tion of the dibromide is 0°53 gram. 


Oxidation of the above Hydrocarbon. 


This degradation was conducted by mixing 2°8 grams of the 
hydrocarbon with 15 grams of potassium permanganate, 7°5 grams 
of potassium hydroxide, 300 grams of water, and 300 grams of 
powdered ice, and shaking the mixture mechanically until the 
permanganate was completely decolorised. The alkali was then 
neutralised by admitting carbon dioxide, and the solution distilled 
in steam to remove volatile products and any unchanged hydro- 
carbon, and filtered from oxides of manganese. The concentrated 
filtrate was first extracted with chloroform, and then acidified and 
extracted with ether on the Hagemann apparatus. This extract 
yielded a syrupy acid, which was esterified, the ester distilling at 
about 102°/1°4 mm., and the analytical figures obtained indicated 
that it was the ethyl ester of a methyladipic acid. (Found, 
C=60°96; H=912. Cale, C=6111; H=926 per cent.) By 
hydrolysis of this ester a crystalline acid was formed, which melted 
at 80—81°, and there can therefore be no doubt that this consisted 
of active B-methyladipic acid (see p. 1661). 
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d-1-M ethyl-3-dimethylvinyl-A*-cyclohexene, 


CHO OH CCHCMey 

The procedure followed in the preparation of this compound 
was similar to that described in the previous section for the pro- 
duction of the A®isomeride. d-1-Methyl-3-isobutanol-A?-cyclo- 
hexene undergoes dehydration under these conditions, and the 
hydrocarbon was rectified over sodium in an atmosphere of 
hydrogen and distilled at 192—193°. 

ny 1°4802; D? 0°8531; M,=49°97 (calc., M=49°86); ES =0°07; 
[a], +54°8° : 

0°0634 gave 0°2027 CO, and 0°0688 H,O. C=87:2; H=12°1. 

C,,Hig requires C=87°9; H=12'1 per cent. 

This hydrocarbon was also oxidised by permanganate in the 
manner described above, but owing, presumably, to contamination 
with a little of the A®-isomeride, the small amount of crystalline 
acid, which was isolated from the syrupy product, melted in- 
definitely, and could not be characterised. 


Dehydration of d-1-Methyl-3-isobutanol-A®-cyclohexene by means of 
Potassium Hydrogen Sulphate. 


About 4 grams of the alcohol, d-1-methy]-3-isobutanol-A*-cyclo- 
hexene, were heated in contact with potassium hydrogen sulphate 
to a temperature of 150° for fifteen minutes under reflux. The 
product was distilled in a current of hydrogen, and consisted of 
a light oil, which was turbid owing to the presence of moisture. 
It was dissolved in ether, the solution dried, the ether removed, 
and the resulting hydrocarbon rectified over sodium in an atmo- 
sphere of hydrogen, when it distilled constantly at 191—192° as a 
colourless oil possessing a powerful odour of lemons. The physical 
properties of this substance differ in some degree from the values 
recorded from the hydrocarbon prepared by using oxalic acid as 
dehydrating agent (p. 1668), and we are of the opinion that this 
difference may be due to the elimination of water from the carbinol 
in such a way as to give rise to an isopropenyl grouping, so that 
the substance here produced may consist to a considerable extent 


of the compound 
OH, < Cp Me CH > 0-H, CMe:CH,, 
My 1°4768; D? 0°846; M,=50°13 (calc., M=49°86); EX=0'18; 
[a], + 68°8°: 
0°0932 gave 0°2950 CO, and 0°1007 H,O. C=86'3; H=12°0. 
C,, Hyg requires C=87°9; H=12'1 per cent. 
VOL. CV. 5 Q 
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(The following work is contributed by Mr. James Mackay.) 
Preparation of 1-Acetonyl-A}-cyclohezene, 
CH, CH ;, 
CH<oH2.¢ HC CH,:COMe. 


By the agency of a Grignard reagent, consisting of magnesium 
methyl iodide, applied under the conditions specified on p. 1665, 
Al-cyclohexene-l-acetonitrile (see T., 1908, 98, 1959) was converted 
into 1-acetonyl-Al-cyclohexene, the yield being 30 per cent. of that 
theoretically possible. This ketone was purified by conversion into 
the semicarbazone, which was insoluble in ether, and from the 
recrystallised substance the ketone was regenerated, in this way a 
pure specimen being prepared, which had identically the same 
physical properties as are recorded for the substance obtained by 
Wallach (loc. cit.) by the direct condensation of cyclohexanone 
with acetone. 


1-isoButanol-A!-cyclohexene, 


CH cH cH ”’ CH,CMe,-OH. 

This terpineol is formed in quantitative yield by the action of 
magnesium methyl iodide on l-acetonyl-Ai-cyclohexene, the condi- 
tions of the reaction being identical with those observed in the 
case of the higher homologues previously described (p. 1667). The 
carbinol distilled at 106°/17 mm. as a colourless oil, possessing a 
faint odour of lemons, but it gave no coloration with acetic 
anhydride and sulphuric acid when the usual test was applied. 

my 1°4804; D% 0°9258; M,=47°29 (cale., M=47°24): 

0°1190 gave 0°3396 CO, and 0°1248 H,O. C=77°85; H=11°65. 

C,9H,,0 requires C=77'92; H=11°69 per cent. 

The phenylurethane was prepared, and this forms colourless 
needles, melting at 105°: 

0°1042 gave 5°5 c.c. N, at 18° and 759 mm. N=5'28. 

C,,H,,0,N requires N=5'13 per cent. 


1-Dimethylvinyl-Al-cyclohezxene, 
CH,-CH ° 
CH;<oH'.cH,~° CH:CMe,. 

The elimination of water from the above terpineol may conceiv- 
ably be effected so as to form either of two hydrocarbons, according 
as the hydroxyl group is removed along with a hydrogen atom from 
a methyl or the methylene group in the side-chain. An attempt 
was made to realise these alternatives by employing, in the first 
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instance, aqueous oxalic acid as the dehydrating agent, and digest- 
ing the terpineol under a condenser for four hours. The hydro- 
carbon was isolated by steam distillation and extraction with ether, 
and after drying it was fractionated under diminished pressure. 
The portion boiling at 88—90°/13 mm. was rectified over sodium 
in an atmosphere of hydrogen, when it distilled constantly at 
172—173° as a colourless oil, having a pungent, terpene odour, 
but it did not give the usual terpene colour test. 

My 1°4854; D? 0°8537 ; M, = 45°69 (cale., M=45°24); EX =0°33: 

0°1490 gave 0°4804 CO, and 0°1580 H,O. C=87'93; H=11°78. 

C,>H,, requires C=88°23; H=11°77 per cent. 

Titration with Bromine.—To 0°595 gram of the terpene dissolved 
in amyl alcohol and ether, a solution of bromine in chloroform was 
slowly added until saturation was complete. The hydrocarbon 
seemed to absorb 0°63 gram of bromine, whilst the amount 
theoretically required for a dibromide is 0°69 gram. On evapora- 
tion of the solvent, the additive halogen compound did not 
crystallise. 

An alternative dehydrating agent fo: the conversion of the 
above terpineol into a hydrocarbon was foun in potassium 
hydrogen sulphate, which was heated in contact with the terpineol 
at 150° for fifteen minutes. The terpene, which was isolated and 
purified in the usual way, gave a deep red coloration with acetic 
anhydride and concentrated sulphuric acid, and the following 
physical constants were observed : 

My 1°4797; D? 0°8607; M, =44°87 (cale., M=45°24). 

As will be seen by comparison of the above values with those of 
the previous hydrocarbon, this terpene must possess a different 
structure from the foregoing, and, moreover, absorption of bromine 
to the extent required for the formation of a tetrabromide appeared 
to indicate that the present compound must be of the non- 
conjugated type, and the following formula is proposed : 

CH OH OH OCH OMe:CH,. 
CHEMICAL RESEARCH LABORATORY, 


Unirep CoLLEGE oF ST. SALVATOR AND ST. LEONARD, 
University oF St. ANDREWS, 


1672 TWISS: THE ACTION OF NITRO-SUBSTITUTED ARYL 


CLVL—The Action of Nitro-substituted Aryl Haloids 
on Alkali Thiosulphates and Selenvsulphates. 


By Dovucias Franx Twiss. 


Tsat the alkyl halogen compounds can react with sodium thio- 
sulphate, forming substances in which one of the sodium atoms of 
the thiosulphate molecule is displaced by an alkyl group, has been 
known for many years. Already in 1874, Bunte (Ber., 1874, 7, 
646 ; 1882, 15, 946) prepared sodium ethyl thiosulphate by applying 
ethyl bromide to this reaction, and the compounds of this class have 
since been examined by several other investigators (compare Spring, 
Ber., 1874, 7, 1157; Ramsay, this Journ., 1875, 28, 687; Spring 
and Legros, Ber., 1882, 15, 1938; Otto and Rossing, Ber., 1892, 
25, 988; Slator, T., 1904, 85, 1286; 1905, 87, 482; Slator and 
Twiss, T., 1909, 95, 93; Gutmann, Ber., 1907, 40, 2818; Fromm 
and Erfurt, Ber., 1909, 42, 3816; Price and Twiss, T., 1907, 91, 
2021; 1908, 98, 1395, 1401, 1645; 1909, 95, 1050, 1489; 1910, 97, 
1175; Twiss, this vol., p. 36). The method of preparation 
employed by these workers was identical with, or analogous to, that 
mentioned above, with the exception that Spring (whose result was 
later confirmed by Otto and Rossing) was also able to prepare 
sodium ethyl thiosulphate by the action of iodine on a mixture 
of ethyl mercaptan and sodium sulphite. The reaction with 
sodium thiosulphate was further extended by Purgotti (Gazzetta, 
1890, 20, 24; 1892, 22, 416), who was successful in isolating, 
amongst others, sodium alkyl thiosulphates containing unsaturated 
alkyl radicles, and also sodium benzyl thiosulphate. By double 
decomposition with the latter, he was able to replace the sodium 
by other metals, and also by hydrogen. 

The alkali alkyl thiosulphates, therefore, form a well-recognised 
class of substance. The alkali aryl thiosulphates, on the other 
hand, are much less well known. In 1868, Stenhouse (Proc. Roy. 
Soc., 1868, 17, 66), by the action of hot sulphuric acid on phenyl 
sulphide, obtained an acid which he believed to be phenylthio- 
sulphuric acid (“‘phenylthiosulphonic acid”), C,H,*S,O,H, but 
which has since been shown to be thiodiphenyldisulphonic acid, 
S(CgH,ySO;H), (Otto and Tréger, Ber., 1893, 26, 993). The latter 
result also casts very considerable suspicion on the interpretation 
given by Smith (this Journ., 1869, 22, 302) to his results of a 
‘similar treatment of ethyl sulphide with sulphuric acid, the pro- 
duct being assumed to be ethylthiosulphuric acid from analogy to 
the now disproved results of Stenhouse. 
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Otto and Rossing (/oc. cit.) attempted the preparation of sodium 

phenyl thiosulphate by Spring’s method extended to iodine, phenyl 
mercaptan, and sodium sulphite, but the result was not satisfac- 
tory, and it is doubtful whether any of the desired substance was 
actually obtained; their only statement is: “Bei der Einwirkung 
von Jod auf eine Lésung von Natriumphenylmercaptid und 
Natriumsulfit erhielten wir 13 g. (statt 14°8 g., d.i. die Menge die 
hatte enstehen miissen, wenn alles angewandte Mercaptid fiir sich 
oxydirt ware) und 18 g. Natriumsulfat (statt 20 g., di. die der 
angewandte Menge des Sulfits entsprechende Menge von Sulfat).” 

Apparently the only arylthiosulphuric acid compounds have 
been obtained in connexion with the preparation of dyes, and the 
parent substances have generally been diamino-derivatives or, less 
frequently, aminohydroxy- and dihydroxy-derivatives of benzene, 
which by oxidation in the presence of sodium thiosulphate by an 
acid solution of a dichromate may be converted into thiosulphuric 
acids, for example, NMe,°C,H,(NH.)°S,0,H (Bernthsen, Annalen, 
1889, 251, 1). Similar products have also been obtained by this 
process and by the action of sulphurous acid on solutions of the 
hydrochlorides of aromatic aminodisulphides by Green and others 
(see, for example, Eng. Patent 4792 of 1900). 

The results now detailed by the author indicate that alkali aryl 
thiosulphates can be formed from sodium thicsulphate by double 
decomposition only with polynitro-substituted aryl haloids, and 
that the products obtained are exceedingly unstable or reactive, 
changing almost immediately into simpler substances. 

In connexion with an investigation of the velocity of reaction 
between sodium thiosulphate and certain organic halogen com- 
pounds (Slator and Twiss, T., 1909, 95, 93), it had been observed 
that picryl chloride reacted readily with sodium thiosulphate in 
aqueous-alcoholic solution, giving a deposit of yellow, needle 
crystals, and on subsequent examination the author found that this 
was not an organic thiosulphate, but was a sulphur compound of 
which the sulphur content agreed with that of picryl sulphide. 
The product obtained on repetition of the reaction was not always 
satisfactory, and since that time a publication has been made 
(French Patent 460,571) showing that the chief condition for a 
pure product is the absence of any excess of sodium thiosulphate 
above a semimolecular proportion which is half the usual amount 
for a reaction between an alkyl haloid and sodium thiosulphate. 
The reaction follows the course: 

2C,H,(NO,),Cl + Na,S,O, + H,O = 
|C,H.(NO,)3],8 + 2NaCl + H,SO,. 


The sulphuric acid can be neutralised as soon as formed by the 
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presence of the necessary sodium carbonate or calcium carbonate, 
but in aqueous-alcoholic solution the chemical change is so rapid 
that this is unnecessary. 

In the presence of excess of sodium thiosulphate, the picryl 
radicle is affected, with formation of deep-coloured reduction 
products. 

Picryl chloride exhibits similar behaviour towards an alkali 
selenosulphate. If the two substances are allowed to react in 
aqueous-alcoholic solution, with or without the presence of some 
neutralising agent, picryl selenide is obtained. Again, an excess 
of picryl chloride is necessary for a satisfactory result, and the 
reaction may be represented : 

2C,H,(NO,),Cl + K,SeSO, + H,O = 

[Cs5H.(NOz)3|,Se + 2NaCl + H,SQ,. 

It has already been shown by velocity measurements that the 
reaction between sodium thiosulphate and picryl chloride is 
bimolecular, and it is therefore probable that in the two reactions 
just mentioned the chemical change first gives rise to an alkali 
picryl thiosulphate or selenosulphate, which then reacts with the 
excess of picryl chloride; * for example: 

C,H,(NO,),Cl + Na,S,0, = C,H,(NO,),°S,0,Na + NaCl; 

CgH,(NOz)3°S,0,;Na + C,H,(NO,),Cl + H,O = 

[C,H,(NO,)3],S + NaCl + H,SO,. 

The above results were modified in a surprising manner when 
4-bromo-1: 3-dinitrobenzene or 4-chloro-1: 3-dinitrobenzene was 
applied to the reaction with sodium thiosulphate. If an excess of 
the organic halogen compound is taken with the alkali thiosulphate 
or selenosulphate, the product is the corresponding 2: 4-dinitro- 
phenyl] sulphide (the formation of which in this manner has indeed 
already been described; D.R.-P. 94077) or 2: 4-dinitrophenyl 
selenide respectively. The formation of these is analogous to that 
of the corresponding picryl compounds, and can be explained in a 
similar manner. When, however, an excess of sodium thiosulphate 
is used, a first deposit is obtained consisting mainly of the dinitro- 


* The mechanism of the second portion of the change is uncertain. It possibly 
involves a primary rearrangement of the sodium picry] thiosulphate according to the 
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should be capable of at least transient existence is evidenced by the ‘‘ anhydride” 
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—_—> Ysors¢ . That such a structure as the latter 
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structure NaOS:0"S@ , generally accepted for sodium hyposulphite and the 
‘ONa 
instability of this intermediate product would be confirmed by the rapidity with 
which it reacts further (possibly after fission into picryl mercaptan and sulphuric 
acid) with the formation of picryl sulphide. 
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phenyl! sulphide, but the filtrate on keeping gives a further deposit 
of almost pure 2: 4-dinitrophenyl] disulphide; this is probably pro- 
duced by gradual decomposition (possibly aided by oxidation) of 
sodium 2: 4-dinitrophenyl thiosulphate which has escaped further 
interaction with the dinitrophenyl haloid. With potassium seleno- 
sulphate in excess, the only product is 2: 4-dinitropheny] diselenide, 
the formation of which is again to be attributed to decomposition 
of the primarily produced alkali aryl selenosulphate. 

The above explanation is in accord with the known relative 
stability of the alkali alkyl thiosulphates and selenosulphates. 
Both classes of compound are convertible by gentle heating, by 
oxidation, or by reduction, into disulphides and diselenides re- 
spectively (compare Price and Jones, T., 1909, 95, 1729), but the 
selenosulphates are less stable, and are therefore the more likely 
to undergo subsequent chemical alteration, producing diselenides. 

The ortho- and para-forms of chloronitrobenzene do not react 
with alkali thiosulphates or selenosulphates under the usual condi- 
tions. Tribromophenol also fails to react with sodium thiosulphate, 
but here the reactivity of the bromine atoms cannot be expected 
to be as high as in 2: 4-dinitrophenyl bromide, as the bromine 
atoms are in the meta-position to each other. The relatively great 
stability of the alkali alkyl thiosulphates as compared with the 
unisolated alkali polynitrophenyl thiosulphates is also indicated by 
the absence of any appreciable reaction producing either a sulphide 
or a disulphide when sodium benzyl thiosulphate is heated with a 
solution of, 4-bromo-1 : 3-dinitrobenzene or picry] chloride. 


EXPERIMENTAL. 


Picryl Sulphide.—This was prepared by mixing 6 grams of picryl 
chloride, dissolved in 80 c.c. of hot alcohol, with 3 grams of sodium 
thiosulphate in 100 c.c. of hot water. After keeping hot for five 
to ten minutes, the, deep, brownish-red liquid, from which much 
picryl sulphide had already separated, was allowed to cool, and 
then filtered. 

The presence of any such substance as sodium carbonate or 
calcium carbonate for the purpose of neutralisation of the sulphuric 
acid formed during the reaction is unnecessary under the above 
conditions, the yield being 90 per cent. of the theoretical. 

The product was recrystallised by dissolving in warm ethyl 
acetate, and aiding separation by the addition of alcohol. It 
formed glistening, golden-yellow plates, melting at 226°, and 
detonating at a higher temperature. It is surprisingly stable 
towards concentrated nitric acid (compare Blanksma, Proc. K. 
Akad. Wetensch. Amsterdam, 1901, 4, 264), from which it can 
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actually be recrystallised. On this account it is one of the few 
substances for which Gasparini’s electrolytic apparatus for the 
estimation of sulphur proves ineffective. 

If an excess of sodium thiosulphate above the quantity stated 
is used, the product is less pure, being deep coloured, and sometimes 
black. The dark-coloured substance is soluble in sodium hydroxide 
or sodium carbonate to a blue solution, which changes to brown 
in the air or on boiling. Addition of a reducing agent causes the 
blue colour to pass into a red. 

Picryl Selenide.—A solution of potassium selenosulphate was 
prepared by heating together for half to three-quarters of an hour 
1 gram of selenium with 2°6 grams of potassium sulphite in 15 c.c. 
of water under reflux. One half of this solution, after decanting 
or filtering from undissolved selenium, was then added together 
with 15 c.c. of water and 0°7 gram of anhydrous sodium carbonate 
to a solution of 3 grams of picryl chloride in 40 c.c. of hot alcohol. 
The deep, reddish-brown liquid was kept warm for ten to fifteen 
minutes, during which a dark brown, granular deposit separated. 
After keeping at the ordinary temperature for a short time, the 
liquid was filtered, when the residue was found to consist largely 
of picryl selenide. It was extracted with hot water until it no 
longer gave a brown-coloured liquid, after which it was washed 
with a little warm alcohol and dried. Calculated on the picryl 
chloride taken (see below), the yield of this dried product was 
about 25 per cent. The solid was recrystallised by dissolving in 
hot ethyl acetate, and aiding separation by the addition of alcohol. 

Thus prepared, picryl selenide forms a glistening, pale brown 
crystalline powder, which appeared under the microscope as orange- 
coloured, rhombic blocks. It is very sparingly soluble in hot 
alcohol, but is fairly readily soluble in hot ethyl acetate or acetic 
acid. When heated, it does not melt below 240°, although it begins 
to darken in colour; at a higher temperature it melts, and then 
explodes, with liberation of selenium. The substance was analysed 
by Frerichs’ method (Arch. Pharm., 1902, 240, 656), which was 
also used for the other selenium compounds in this paper: 


0°2300 required 9°40 c.c. V/10-NH,CNS. Se=16°2. 
C,.H,0,.N,Se requires Se=15°7 per cent. 

The addition of sodium carbonate in the above preparation can 
be dispensed with, but the product is then less pure, and is fre- 
quently contaminated with pasty matter. It is important that no 
excess of potassium selenosulphate or of potassium sulphite should 
be taken, for the solid which then separates contains little or no 
picryl selenide, and consists almost entirely of a potassium salt of 
picric acid or some reduction product. 
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2: 4-Dinitrophenyl Selenide.—A solution of potassium seleno- 
sulphate was prepared in the manner just described, and the same 
quantity as was used for the preceding preparation was mixed with 
a hot solution of 3 grams of 4-bromo-1 : 3-dinitrobenzene in 30 c.c. 
of alcohol. The resulting deep red solution, which rapidly gave a 
yellow, crystalline precipitate, was heated for a short time, then 
cooled, and finally filtered. The solid was washed with warm 
water until the extract was no longer yellow, when a bright yellow 
residue of microscopic, prismatic needles was obtained, the yield 
being approximately 80 per cent., calculated on the bromonitro- 
benzene (of which a slight excess was used). The product was 
recrystallised by dissolving in warm ethyl acetate or nitrobenzene, 
and cautiously adding hot alcohol until the selenide separated in 
golden-yellow needles; these, on heating, deepen in colour to an 
orange tint, but near 179° change again to pale yellow, with a 
slight suggestion of incipient fusion; actual fusion does not take 
place until it occurs sharply at 194°, with formation of an orange- 
coloured liquid, which commences to decompose below 240°, and 
explodes at a higher temperature: 

0°2459 required 12°43 c.c. V/10-NH,CNS. Se=20°0. 

C,.H,O,N,Se requires Se=19°2 per cent. 

2: 4-Dinitrophenyl Diselenide—A solution of 3 grams of 
4-bromo-1: 3-dinitrobenzene (or 2°5 grams of the corresponding 
chloro-compound) in 40 c.c. of hot alcohol was mixed with a solu- 
tion of potassium selenosulphate, prepared by heating 2 grams of 
precipitated selenium with 5 grams of potassium sulphite in 30 c.c. 
of water for three-quarters of an hour under reflux. An equiva- 
lent quantity of sodium carbonate (1 gram of anhydrous) may 
then be added, but this is not essential, although it checks some- 
what the separation of selenium which tends to occur. The very 
deep, brownish-red liquid is heated gently for five to ten minutes, 
and, after cooling, the yellow deposit is removed by filtering. After ~ 
washing free from soluble matter by hot water, the solid was 
washed with alcohol and then dried, the yield being about 40 per 
cent. on the haloid used. 

The product is remarkable for its sparing solubility in most 
solvents. Hot ethyl acetate dissolves very little, and the most con- 
venient method of recrystallisation was to dissolve in warm nitro- 
benzene, when the cautious addition of alcohol caused the separa- 
tion of minute, glistening, yellow, rhombic plates, which melt above 
240° to a yellow liquid; on raising the temperature still further, 
this successively decomposes and detonates, giving selenium. The 
substance was remarkably stable towards nitric acid, and was not 
completely destroyed even after thirty hours’ treatment with 
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several fresh additions of nitric acid in Gasparini’s electrolytic 
apparatus: 
0°2546 required 20°22 c.c. V/10-NH,CNS. Se=31°5. 
C,.H,O,N,Se, requires Se=32°2 per cent. 


Action of 4-Bromo-(or 4-Chloro-)-1 : 3-dinitrobenzene on Sodium 
Thiosulphate. 


When 4 grams of 4-bromo-1: 3-dintrobenzene (or a correspond- 
ing quantity of 4-chloro-1: 3-dinitrobenzene) in 90 c.c. of hot 
alcohol are treated with a hot solution of an equimolecular pro- 
portion or more of sodium thiosulphate in 60 c.c. of hot water, a 
clear, yellow liquid is obtained, which on heating under reflux 
gradually changes to crange, and finally deposits yellow needle 
crystals. After heating for half an hour, these were removed by 
filtration, and found to consist of almost pure 2: 4-dinitropheny]l 
sulphide, the melting point being 193°. The filtrate, on keeping 
in the air, gives a gradual deposit of yellow solid, which did not 
melt when heated to 240°, and was also easily distinguishable from 
the monosulphide by its sparing solubility. Separation could be 
accelerated by bubbling a stream of air through the liquid. The 
solid was purified by extraction with hot acetic acid, followed by 
recrystallisation of the residue by dissolving in hot nitrobenzene, 
and cautiously adding alcohol. Gasparini’s electrolytic apparatus 
for the estimation of sulphur again failed in this case, on account 
of the resistance of the substance to nitric acid, and Asbéth’s 
method was applied (Chem. Zeit., 1895, 19, 2040). (Found, 
S=16°0. C,.H,O,N,S, requires S=16°0 per cent.) 

The yield of monosulphide was rather larger with a larger 
quantity of thiosulphate, a bimolecular proportion giving nearly 
70 per cent., calculated on the haloid. The quantity of disulphide 
obtained approached 25 per cent., but the deposition was not com- 
plete even after several days’ exposure to the atmosphere. 
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CLVIl.—The Alkaloids of Daphnandra micrantha. 
By Frank Lee Pyman. 


THE poisonous properties of the plants of the genus Daphnandra 
(N.O. Monimiaceae) were discovered by T. L. Bancroft (Proc. 
Roy. Soc. New South Wales, 1886, 20,70; Proc. Roy. Soc. Queens- 
land, 1887, 4, 13; Australasian Journ. Pharm., 1887, 2, 104), 
whose attention was directed more particularly to the Queensland 
plant, Daphnandra repandula, F. V. M. The bark was shown to 
be remarkably rich in total alkaloids, containing about 6 per cent., 
and three different bases were obtained in a colourless, crystalline 
condition. No account of their chemical and physical properties 
other than their solubilities was given, but it was stated that the 
physiologically active alkaloid could be separated from the others 
easily, owing to its solubility in water. In the course of the above 
investigation, Daphnandra micrantha, Benth., a shrub growing in 
the neighbourhood of Brisbane, was also examined, and stated to 
contain the same alkaloids. The physiological action of the 
alkaloids was described, and the view was expressed that plants of 
this genus might be found to be of use medicinally. 

In view of this possibility, the alkaloids of Daphnandra 
micrantha have now been further investigated, and three new 
alkaloids have been isolated in a pure state and characterised. The 
bark was found to contain more than 6 per cent. of total alkaloids, 
but none were soluble in water, and Bancroft’s discovery of a 
water-soluble alkaloid could not therefore be confirmed. The total 
alkaloids were separated by means of sodium hydroxide into a non- 
phenolic and a phenolic fraction. When working with small 
quantities of bark, 2 per cent. of non-phenolic and 1°5 per cent. of 
phenolic alkaloids were isolated in a crystalline condition, but 
owing to a tendency on the part of all the alkaloids to resinify 
when treated with hot solvents, the yields were less satisfactory 
when the separation was conducted on a large scale. 

The crystalline, non-phenolic alkaloids were separated into two 
individual bases, for which the names daphnandrine and micran- 
thine are suggested, whilst the crystalline, phenolic alkaloid was 
found to be homogeneous, and for this the name daphnoline is 
proposed. 

Daphnandrine is most abundant, representing more than three- 
quarters of the 2 per cent. of non-phenolic alkaloids. It has the 
formula Cy,H,,O,No, and forms crystalline, neutral salts with two 
equivalents of acids. It contains three methoxyl groups and one 


N-methyl group. 


— = . 
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The empirical formula of daphnoline is somewhat doubtful. The 
analyses of the base and its salt are best in agreement with the 
formula Cy,H,,0,N>, which has been adopted in the experimental 
part of the paper. At the same time, the analyses are in fair 
agreement for the formula C,;H,,O,N,, for, owing to the high 
molecular weight of the substance, the percentage compositions of 
the two formule are very little different. Daphnoline is dibasic, 
and contains a phenolic hydroxyl group, two methoxyl groups, 
and one V-methyl group. A comparison of these properties with 
those of daphnandrine suggests that the two alkaloids stand in the 
relation of a phenol and its methyl ether. The simultaneous 
occurrence in plants of phenolic alkaloids, together with those the 
phenolic groups of which are completely methylated, is frequently 
encountered, for instance, in the case of morphine and codeine, 
and it appears not improbable that daphnoline and daphnandrine 
are similarly related. In this case, daphnoline would be repre- 
sented by the empirical formula C,;;H,,0,N,. Daphnandrine, 
daphnoline, and their salts are dextrorotatory. 

Micranthine occurs in smaller quantity than daphnandrine or 
daphnoline ; it has the formula C,,H,.O,N., and yields a crystalline 
sulphate, Csg,H0,N,,H,SO,. It is non-phenolic, and contains one 
methoxyl and one V-methy! group. 

Daphnandrine, daphnoline, and micranthine have been examined 
physiologically by Dr. H. H. Dale, F.R.S., to whom the author is 
indebted for the following summary of his results. 

The Daphnandra alkaloids appear all to have an action of the 
same type, though daphnandrine is very slightly active at all. 
Daphnoline and micranthine, which show the action more typically, 
produce a marked local action when injected hypodermically, 
causing great oedematous infiltration of the subcutaneous tissues 
and loss of sensibility. They have also a depressant action on the 
central nervous system, causing.anzsthesia, which seems to precede 
the loss of motor activity to a slight extent in onset. Both cause 
vasodilator circulatory depression when given intravenously. 
Death from a fatal dose is due to respiratory paralysis. 

In view of the fact that these alkaloids appear to be of little 
practical interest, their chemical investigation has not been 
continued. 


EXPERIMENTAL. 


Isolation of the Alkaloids, 


Two kilograms of the ground bark were percolated with 0°25 per 
cent. aqueous tartaric acid until the runnings no longer contained 
alkaloid. The extract was concentrated to about 5 litres under 
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diminished pressure, kept for several hours, and filtered from 
calcium tartrate. The filtrate was mixed with ammonia, and 
shaken with chloroform. A troublesome emulsion was obtained, 
and it was necessary to filter the mixture in order to obtain a 
separation of the aqueous and chloroform layers. The residue on 
the filter may contain a quantity of the alkaloids, which are 
sparingly soluble in chloroform, and it was therefore necessary to 
redissolve it in dilute tartaric acid, and treat again with ammonia 
and chloroform. The combined chloroform extracts were shaken 
with 5 per cent. aqueous sodium hydroxide several times. This 
removed the phenolic bases, together with a large proportion of 
the colouring matter. The chloroform solution of the non-phenolic 
bases was washed with water, dried with anhydrous potassium 
carbonate, and distilled to a syrup. This was cautiously diluted 
with alcohol and a little ethyl acetate, and kept for several days, 
when 33 grams of crude daphnandrine, melting at 280°, crystal- 
lised out. After removing this, the filtrate, on concentration and 
cautious addition of ethyl acetate, gave a further quantity of crystal- 
line material, consisting of a mixture of the bases, daphnandrine 
and micranthine. The separation of daphnandrine and micran- 
thine depends on the crystallisation of the oxalates or hydro- 
bromides. The salts of. these acids with daphnandrine are crystal- 
line, whilst those with micranthine have not been so obtained. 

The separation was on one occasion carried out as follows: 

Fifty-eight grams of crude daphnandrine were suspended in 
580 c.c. of hot alcohol, and a solution of 26 grams of oxalic acid 
in 52 cc. of boiling water was added. The clear solution was 
digested with animal charcoal, filtered, and when kept the colour- 
less, crystalline oxalate of daphnandrine separated, and after dry- 
ing in the air amounted to 49 grams. The mother liquor was 
distilled to a small volume to remove alcohol, mixed with ammonia, 
and extracted with chloroform. This, after concentration, de- 
posited, first, crude daphnandrine, which was purified by crystal- 
lisation as oxalate, and then, after the addition of ethyl acetate, 
crude micranthine was obtained as a crystalline powder, melting 
at 175—185°. After one crystallisation from chloroform the latter 
was obtained in needles, melting at 196° (corr.), and a recrystal- 
lisation did not alter the melting point. 

Daphnandrine was obtained in a pure state by regeneration from 
the crystalline oxalate and crystallisation from chloroform, for, 
after subsequent crystallisation as hydrobromide from water, and 
regeneration from the pure salt, the melting point and rotation 
were unchanged. 

The sodium hydroxide extract containing the phenolic bases was 
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diluted -well with water, and finally acidified with hydrochloric 
acid. In sufficient dilution, most of the colouring matter was 
thus precipitated in a granular form, but if the solution was in- 
sufficiently diluted, a gummy precipitate, containing a large 
amount of alkaloid, resulted. In this case, the precipitate was 
redissolved in very dilute aqueous sodium hydroxide and re- 
precipitated. After filtering the faintly acid liquor from the pre- 
cipitated resin, the filtrate was basified with aqueous sodium 
carbonate and shaken with chloroform. The greater part of the 
daphnoline separated as a pale buff, crystalline powder, melting 
at 190—215° (corr.), which was collected by filtration and washed 
well with water. The aqueous and chloroform layers of the filtrate 
were then separated, and the latter concentrated, when a further 
quantity of daphnoline separated in a crystalline form. For 
purification, 36 grams of the crude alkaloid were suspended in 
200 c.c. of hot 95 per cent. alcohol, and acidified with absolute 
alcoholic hydrogen chloride, when a clear solution was obtained. 
This was digested with animal charcoal, filtered, and kept, when 
daphnoline hydrochloride separated slowly in nearly colourless, 
double pyramids, truncated at one end. This salt was obtained 
in three large crops, representing nearly the whole of the material, 
and all have the same melting point and rotation. The base 
regenerated from these crops melted at 190—215° (corr.). 

The yield of crystalline alkaloids from the bark amounted to 
2 per cent. of non-phenolic alkaloids (consisting mainly of 
daphnandrine) and 1°5 per cent. of daphnoline. 


Daphnandrine, CygHsg0gNo. 


This base crystallises from chloroform in colourless needles, 
which contain half a molecular proportion of chloroform of crystal- — 
lisation. On drying at 100°, the solvent is expelled, and the base, 
after sintering at 240°, melts sharply and decomposes at 280° 
(corr.). It is practically insoluble in boiling water, ethyl acetate, 
acetone, ether, or light petroleum, very sparingly soluble in boil- 
ing methyl or ethyl alcohol, or xylene, fairly readily soluble in 
boiling chloroform, but sparingly so in cold. 

Found, in air-dried base, loss at 100°=7°9; Cl=8:4. 

CxgH3,0,No,4CHCl, requires }CHCl,=9'1; Cl=8'1 per cent. 


Found, in base dried at 100°, C=72°6, 73°0, 72°8, 72°6, 72°9, 
728, 729; H=6°2, 6°3, 6-4, 6:4, 6°7, 64, 64; N=4°2, 4°8, 
4°5; OMe=15'4, 14°8, 14°83; NMe=4°0, 4°2, 4:2. 

Cy,Hg,0,N. (594°4) requires C=72°7; H=6°4; N=4°7; 
30Me=15'7 ; NMe=4'9 per cent. . 
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A determination of the molecular weight by the ebullioscopic 
method in glacial acetic acid gave the figures 529, 412, and 390 
successively. The gradual decrease is probably due to the decom- 
position of the substance, as evidenced by the coloration which 
takes place. Dr. A. J. Ewins kindly carried out determinations 
of the molecular weight by Barger’s method, and found, using 
benzil as the standard, M.W.=388 in pyridine and M.W.=454 in 
glacial acetic acid solution. 

The specific rotatory power of a specimen of the air-dried base, 
which lost 7°6 per cent. at 100°, was determined in chloroform 
solution : F 


ay+17-34°; c=1-9768; 1=2-dem. [a})+438-5° or +474-7° for the dried base. 


The hydrochloride crystallises from water in well-formed, colour- 
less prisms, containing 5H,O, of which 44 are lost at 100° and no 
more at 120°. The dried salt melts and decomposes at 282° 
(corr.). It is readily soluble in hot, but sparingly so in cold, 
water. 


Found, air-dried salt lost at 100°, 10°9. 
CygH3g0,N,,2HC1,5H,O requires 44H,O=10°7 per cent. 
Found, in salt dried at 100°, C=63°7, 636; H=62, 6:3; 
Cl=10°3, 10°2. 
Cyg,H3,0,N,,2HC1,4H,O (676°3) requires C=639; H=6:1; 
Cl=10°5 per cent. 
The specific rotatory power was determined in aqueous solution 
at two concentrations: 


For For 

Hydrated salt. Basic ion. 
ay+23-39° ; c=3-945; 7=2-dem. __[a]p-+ 296-6° + 378° 
a+ 7:03°; c=1-120; l=2-dem. [a],-+314° + 400° 


The hydrobromide crystallises from water in well-formed, colour- 
less prisms, which turn yellow on exposure to light. It contains 
6H,O, of which 5 are lost at 100°, and no more at 120°. The 
dried salt melts and decomposes at 291° (corr.). It is readily 
soluble in hot, but sparingly so in cold, water. 

Found, air-dried salt lost at 100°, 9°9. 

Cyg,H3g0,N>,2HBr,6H,O requires 5H,O=10°7 per cent. 

Found, in salt dried at 100°, C=56°2, 55°4, 56:1; H=5'7, 5°6, 

61; Br=20°7. 
CygH3g0,No,2HBr,H,O (774°2) requires C=55°8; H=5'5; 
Br=20°6 per cent. 

The specific rotatory power was determined in aqueous solution 

at three concentrations: 
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| 

i For For 

{ Hydrated salt. Basic ion. 
a,-|-20-40° 5 c=3-842 ; l=2-dem. [a]p>+ 265-5° + 386-0° 

| ap+11-23° ; c=2-039; 1=2-dem. [a], + 275-3° -+ 400-0° 
ao+ 390°; c=0-694; 1=2-dem.  [a],+280-9° + 408-4° 


| 
, The specific rotatory powers calculated for the basic ion from 
| the determinations with the hydrochloride and hydrobromide when 
plotted on squared paper against the concentration of the basic ion 
: are found to lie nearly in a straight line. 

The acid oxalate crystallises from moist alcohol in colourless 
| needles, which melt and effervesce at 225° (corr.). It is readily 
soluble in water, but sparingly so in alcohol. The air-dried salt 
! contains 54H,O, which are lost at 100°. (Found, H,O=12'1. 
! Calc., 12°0 per cent.) When dried in a vacuum over sulphuric 
acid, the air-dried salt retains 2H,O. (Found, H,O=7°5. Cale. 
loss of 34}H,O0=7°6 per cent.) 

Found, in salt dried at 100°, C=64°5, 64:7; H=6°2, 6°2. 
Cy,Hgg0gNo,14C,H,O, (729°3) requires C=64°2; H=5'7 per cent. 


Daphn oline, Cy,H3,0,Np. 


This base crystallises from alcohol or chloroform in small, well- 
defined hexahedra, which melt between 190—215° (corr.). It 
separates from chloroform with one molecular proportion of solvent 
| of crystallisation, nearly half of which is lost on prolonged drying 

at 100°, but the substance gradually darkens, and its weight does 
not become constant. 

Found, in air-dried base, C=61°0, 60°83; H=5°6, 5°4; Cl=15'9, 

16°2; loss=8°3. 
C,,H,,0,N,,CHCl, requires C=61°3; H=5'1; Cl=15°5; 
loss of };CHCl,=8°7 per cent. 

When this base is crystallised from alcohol, the chloroform is 
replaced by alcohol of crystallisation, which is lost on drying at 
100°. 

Found, loss=7°7, 7°3. 
Cy,H,,0,N,,EtOH requires EtOH =7'5 per cent. 

Found, in base dried at 100°, C=72°0, 72°1, 71°9, 71°77; H=6°0, 
60, 65, 62; N=47, 47; OMe=10°6, 11°0, 10°9; 
NMe=4'l, 3°9, 4°3. 

C,,HyO,N, (566°3) requires C=72°0; H=61; N=4°9; 
20Me=11'0; NMe=5'l per cent. 

A molecular-weight determination carried out by Dr. A. J. 
Ewins by Barger’s method gave the result M.W.=585, using 
benzil as standard and glacial acetic acid as solvent. 

The specific rotatory power of the base containing chloroform 
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of crystallisation was determined in chloroform solution, with the 
following result: 


ay +2°17° ; c=0-2863 ; 2=2-dem. [a],+379° or [a],+459° calculated for the 
base free from chloroform of crystallisation. 


The solubilities of daphnoline in water and organic solvents are 
similar to, but usually less than, those of daphnandrine. Daphno- 
line is sparingly soluble even in boiling chloroform, and this solvent 
when cold dissolves less than 0°2 per cent. 

The hydrochloride crystallises from moist alcohol in nearly 
colourless, large double pyramids, truncated at one end. This 
salt contains 34H,O, and after drying melts and decomposes at 
290° (corr.). It is readily soluble in cold water or hot alcohol. 

Found, loss at 100°=8°7, 8°9. 


C,,H3,0,N,,2HC1,34H,O requires H,O=9°0 per cent. 
Found, in salt dried at 100°, C=63°7, 63°7, 63°4; H=6°4, 61, 
61; Cl=10°7, 10°5, 10°5. 
Cy,Hy,0gN,,2HCl (639°2) requires C=63°8; H=5°7; Cl=11°1 per 
cent. 


The specific rotatory power of a specimen containing 10°0 per 
cent. of water was determined in aqueous solution: 


a) +11-87° ; c=2-0984 ; J=2-dem. [a],-+283° for the hydrated salt, and 
+ 355° for the basic ion. 


The hydrobromide crystallises from water in clusters of micro- 
scopic needles, which are readily soluble in hot, but somewhat 
sparingly so in cold, water. It contains 4H,O, of which 3 are lost 
at 100° and no more at 120°. It melts and decomposes at 286° 
(corr.). 


Found, loss at 100°=6'1, 6°0. 

C3,H3,,0,N>,2HBr,4H,O requires 3H,O=6°8 per cent. 
Found, in salt dried at 100°, C=54°7, 54°8, 55:1; H=5°7, 5°5, 
: 5°5; Br=21°1. 

; C3,H3,0,N,,2HBr,H,O (746°2) requires C=54'7; H=5'1; 
Br=21°4 per cent. 


Micranthine, Cy,H0,No. 


This base erystallises from chloroform in colourless needles, 
which sinter from about 190°, gradually melt, and decompose at 
) 196° (corr.). The air-dried base contains solvent of crystallisation. 
VOL. CV. 5R 
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It is insoluble in water or ether, and sparingly soluble in alcohol 
or chloroform. 


Found, loss at 100°=7°9, 8°2. 
CygH20,No,4CHCl, requires loss=9°2 per cent. 


Found, in base dried at 100°, C=73°2, 73°2; H=5°6, 5°7; 
OMe=4'7, 5°8, 6.4; NMe=3'3, 4°1, 4°1. 
CygHgO,N. (588°3) requires C=73'4; H=5'5; OMe=5'3; 
NMe=4'9 per cent. 


Neither the hydrochloride, the hydrobromide, nor the oxalate 
was obtained in a crystalline form. 

The sulphate crystallises from water in fine, colourless needles, 
which decompose at 312° (corr.). It is moderately soluble in boil- 
ing water, but very sparingly so in cold. 


Found, loss at 100°=17°3. 
CxgHg20gNo,H,SO,,i0H,O requires loss of 8H,O=16°6 per cent. 


Found, in salt dried at 100°, C=59°6, 59°4; H=5°'8, 5°7. 
CygHg.0gNo,H,8O,,2H,O (722°4) requires C=59°8; H=5°3 per 
cent. 


Colour Reactions of the Alkaloids. 


Gaebel’s test for the presence of methylenedioxy-groups gave a 
negative result in each case. 

In concentrated sulphuric acid, daphnandrine and daphnoline 
dissolve to a faint green solution, micranthine to a deep blue 
solution, and, on the addition of a trace of nitric acid, the solu- 
tions of daphnandrine and daphnoline become pale chestnut, whilst 
micranthine gives an indigo colour. In concentrated nitric acid, 
daphnandrine and daphnoline dissolve to a pale, chestnut-brown 
solution, whilst micranthine gives a straw-coloured solution. The 
colour reactions with Fréhde’s reagent are particularly beautiful, 
the following effects being observed on dissolving a trace of the 
alkaloid in a few c.c. of the reagent contained in a test-tube: 
daphnandrine: indigo, changing to port-wine colour, and finally 
permanganate-like; daphnoline: violet, changing to port-wine 
colour; micranthine: indigo, changing to emerald-green. On the 
addition of aqueous sodium nitrite to solutions of the alkaloids in 
an excess of dilute hydrochloric acid, daphnandrine and daphno- 
line give brownish-red solutions; micranthine remains colourless. 
The three alkaloids are immediately oxidised on the addition of 
cold aqueous potassium permanganate to solutions of their salts. 
The bark used in the investigation was supplied by the Imperial 
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Institute, and had been collected by the Director of the Botanic 
Gardens at Sydney. 


In conclusion, I wish to thank the Director of the Imperial 
Institute for suggesting this investigation. 


THe WELLCOME CHEMICAL Wokks, 
DARTFORD, KENT. 


CLVIII.—The Interaction of Benzoin and the Chlorides 
of Dibasic Acids. 


By Hamitton McCompiz and Joun WILFRID PaRKEs. 


In many of its reactions, benzoin seems capable of reacting, not: 
only as a hydroxy-ketone (I), which is the structure usually assigned. 
to it, but also as a dihydric unsaturated alcohol, namely, stilbene~ 
COPh:CHPh:OH HO-CPh:CPh:OH 
(L.) (IL) 
diol (II). Examples of its behaviour in accordance with formula 
II are furnished by the condensation products which are produced 
from benzoin and various nitriles ; thus Japp and Murray (T., 1893, 
63, 472) found that benzoin and acetonitrile, in the presence of 
sulphuric acid, gave 4:5-diphenyl-2-methyloxazole (III). Further, 


r fs, 
ag NScMe CPh< at | 
CPh-O + \/ 

(III.) (IV.) 


it has been shown by the same experimenters (Ber., 1893, 26, 2638 ; 
compare also Lachewicz, Monatsh., 1894, 15, 402) that benzoin and 
aniline condense together to give diphenylindole (IV). 

The authors have investigated the products of the interaction 
of benzoin and the chlorides of dibasic acids in the hope of finding: 
that, in certain cases at least, not only would two molecules of 
benzoin react with one molecule of the acid chloride, but that: 
also one molécule of benzoin would react with one of the chloride:. 
In the case of carbonyl chloride, for instance, it is conceivable that: 
reaction with benzoin might give rise to both compounds V 


and VI: 


(COPh:CHPh:0),CO CPh-O 
(V.) 


} 
: 
i 
j 
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In none of the cases investigated, however, even when excess of 
benzoin was employed, could there be isolated any product other 
than the compound arising from two molecules of benzoin and one 
of the acid chloride. 

In the literature the only instances recorded of the interaction 
of benzoin and dibasic acid chlorides. are the cases of succinyl 
chloride (Lakanin, Ber., 1872, 5, 331, and Jena and Limpricht, 
Annalen, 1870, 155, 92), which produces didesyl succinate (VII), 
and the case of thiony! chloride (Schroeter, Ber., 1909, 42, 2348), 
which gives rise to desyl chloride (VIII): 

(COPh:CHPh:O),(CO-CH,), COPh-CHPhCl 
(VII.) (VIIL.) 

When benzoin and carbonyl chloride are condensed together in 
presence of pyridine, it is found that one molecule of carbonyl 
chloride reacts with two molecules of benzoin with the production 
of didesyl carbonate (V). No other condensation product could 
be obtained. In the hopes of obtaining a compound which con- 
tained only one benzoin nucleus, the ethylcarbonato-derivative of 
benzoin was prepared (IX), and attempts were made to eliminate 
alcohol from this compound with the formation of a ring compound, 
but the only effect was to regenerate benzoin. This result is rather 

COPh:CHPh:0-CO,Et COPh:CHPh-NPh-CO,Et 
(IX.) (X.) 
striking in view of the fact that the authors found (T., 1912, 101, 
1991) that a-keto-8-carbethoxyanilino-af-diphenylethane (X) readily 
lost alcohol with the production of 3:4:5-triphenyl-2 : 3-dihydro-2- 
oxazolone (XI): 


Oxalyl chloride and benzoin condense together to yield a mixture 
6f two substances, which can be separated by means of extraction 
with alcohol. Bota these substances yield analytical figures in 
agreement with the formula C,)H,.O,. At first it was thought 
that these two substances might be keto- and enol-forms of didesyl 
oxalate, but, as neither compound developed a coloration with 
ferric chloride, this theory had to be abandoned. Both substances 
were reconverted into benzoin on hydrolysis, and it was found 
impossible to prepare any derivatives. The compounds could not 
be converted into one another, and the nature of the isomerism is 
unexplained. 

Phthaly! chloride and camphoryl chloride were found to condense 
with two molecules of benzoin, yielding the didesyl phthalate and 
camphorate respectively. 
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EXPERIMENTAL, 
a-K eto-B-ethylcarbonato-aB-diphenylethane, CHPhBz-O-CO,Et. 


Five grams of benzoin were warmed with a slight excess of ethyl 
chloroformate (3 grams) on a water-bath for two to three hours; 
the mixture was cooled, and the solid mass recrystallised from 
absolute alcohol when it melted at 84°: 

0°2022 gave 0°5313 CO, and 0°1020 H,O. C=71°65; H=5°48. 

C,,H,,O, requires C=71°83; H=5°63 per cent. 

On treatment with alcoholic potassium hydroxide this compound 

did not yield a ring compound, but was hydrolysed to benzoin. 


Benzoin and Carbonyl Chloride. Preparation of Didesyl 
Carbonate, CHPhBz-O-CO-O-CHPhBz. 


Five grams of benzoin were dissolved in 25 c.c. of pure dry 
pyridine, and a slight excess of a toluene solution (20 per cent.) 
of carbonyl chloride was added slowly to the solution cooled in ice. 
After the mixture had remained overnight, it was poured into 
dilute hydrochloric acid, when a yellow solid was precipitated. 
This solid was collected, washed with dilute acid to remove all 
traces of pyridine, and recrystallised from alcohol, when it separated 
as a colourless powder, which melted at 165°: 

0°1982 gave 0°5601 CO, and 0°0872 H,O. C=77:07; H=4°89. 

C,,H..0, requires C=77°33 ; H=4°89 per cent. 

This substance is sparingly soluble in absolute alcohol, and prac- 
tically insoluble in most other organic solvents. On treatment with 
alcoholic potassium hydroxide or with dilute acids the compound 
is reconverted into benzoin. 


Benzoin and Oxalyl Chloride. 


Five grams of benzoin were dissolved in 25 grams of pure dry 
pyridine, and a slight excess of oxalyl chloride was added to the 
solution, which was cooled in ice. The pasty mixture, after remain- 
ing overnight, was poured into dilute hydrochloric acid; the pre- 
cipitated solid was collected, washed, and dried, when it was found 
to consist of a colourless powder with an indefinite melting point 
of 200—230°, and was insoluble in most organic solvents. The 
crude product was extracted with alcohol in a Soxhlet apparatus, 
and, after very prolonged treatment, it was found that a separation 
into two compounds could be effected by this means. 

Compound A, the more soluble (solubility about 1 gram in 
500 ¢.c, hot absolute alcohol), when crystallised from alcohol or 
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m-xylene, separated as a colourless, crystalline powder, which 
melted at 208°: 

0°2180 gave 0°6012 CO, and 0°0934 H,O. C=75'2; H=4°76. 

0°2120 ,, 05866 CO, ,, 0°0896 H,O. C=75'45; H=4°71. 

Molecular weight in boiling chlorobenzene = 495. 

Cy9H 20, requires C=75°31; H=4°60 per cent. M.W.=478. 

This compound was found to be moderately soluble in m-xylene, 
sparingly so in chlorobenzene, very sparingly so in alcohol or 
toluene, and practically insoluble in other organic solvents. 

Compound B consisted of the insoluble portion remaining in the 
extraction apparatus, and, when crystallised from toluene or 
m-xylene, separated as a colourless, crystalline powder, which 
melted at 250°: 

0°2234 gave 0°6180 CO, and 0°0951 H,O. C=75°43; H=4°73. 

0°2020 ,, 0°5564 CO, ,, 0°0866 H,O. C=75'11; H=4°76. 

CspH 90, requires C=75°31; H=4°60 per cent. 

This compound was sparingly soluble in m-xylene or chloro- 
benzene, very sparingly so in toluene, and practically insoluble in 
alcohol or other organic solvents. 

Pyridine is a very good solvent for both these compounds, but 
hydrolysis to benzoin takes place on boiling the pyridine solutions 
for any length of time. The presence of a hydroxyl group in either 
of the substances could not be detected by means of ferric chloride. 
All attempts to prepare derivatives proved unsuccessful, the great 
insolubility of the compounds being a formidable stumbling block. 
It was found impossible to transform one compound into the other. 


Benzoin and Phthalyl Chloride. Preparation of Didesyl 
Phthalate. 


Ten grams of benzoin and a slight excess of phthalyl chloride 
were warmed on a water-bath for three hours, hydrogen chloride 
was evolved, and the mixture became pale brown. On cooling, 
the mixture solidified to a brown, gelatinous mass, from which, by 
repeated crystallisation from methyl alcohol, a colourless, crystalline 
solid was obtained, which melted at 140°: 

0°2005 gave.0°5742 CO, and 0°0854 H,O. C=78'1; H=4°73. 

CzgHg0, requires C=77°98; H=4°69 per cent. 

This compound was stable towards acids, and was recovered 
unchanged after being boiled with concentrated hydrochloric acid 
for five hours. When treated with alcoholic potassium hydroxide 
the substance was hydrolysed to benzoin and phthalic acid. The 
presence of a hydroxyl group in the molecule could not be detected. 
Many attempts were made to obtain derivatives of this substance. 
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With phenylhydrazine in alcoholic or glacial acetic acid solution no 
reaction occurs. When the compound was heated with phenyl- 
hydrazine in an oil-bath at 160° for four hours, benzilosazone was 
obtained, which crystallised in yellow needles melting at 225° 
(Found, N=14'41. Cale., N=14°36 per cent.). This compound 
has been described by Pickel (Anmalen, 1886, 232, 230) and by 
Pargotti (Gazzetta, 1892, 22, [ii], 611). With hydroxylamine or 
with semicarbazide no derivatives could be obtained. 


Benzoin and Camphoryl Chloride. Preparation of Didesyl 
Cam phorate. 


Ten grams of benzoin were warmed on a water-bath for five hours 
with an excess of camphoryl chloride. When no more hydrogen | 
chloride was evolved, the product was washed repeatedly with hot 
water, and on cooling an oily, viscous mass was obtained, from 
which it was a matter of considerable difficulty to obtain a crystal- 
line product. By treatment with animal charcoal in methyl 
alcohol many times, colourless plates were obtained, which melted 
at 97°: 

0°2152 gave 0°6109 CO, and 0°1160 H,O. C=77'4; H=5'99. 

C.,H3g0, requires C=77°55; H=6°12 per cent. | 

All attempts to prepare derivatives from this substance proved | 
fruitless. On treating the substance with alcoholic potassium 
hydroxide, benzoin was regenerated. | 

CHEMICAL DEPARTMENT, 


THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM. 


CLIX.—The Thermal Decomposition of Methyl Alcohol. 


By Witiiam ARTHUR Bone and Hamitton Davies. 


In connexion with some experiments which we carried out at Leeds 
University in the year 1908 on the explosion of methane with half 
its own volume of oxygen at high initial pressures, it became 
necessary to investigate in detail the thermal decomposition of | 
methyl alcohol, concerning which very conflicting statements had 
appeared in chemical literature. 

In 1884 Maquenne (Bull. Soc. chim., \ii], 40, 65) gave the follow- 
ing as the percentage composition of the gaseous products of the 
decomposition of methyl! alcohol in the silent discharge and by heat; 
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In silent discharge. By heat. 
Pressure. — a, 
” a Dull Bright 
3to4mm. 100 mm. red. red. 
GAS desc dinateseccecicncie -- — 1-5 0-5 
ae eee 24-3 19-6 23-0 31-7 
C,H, and C_H, ...... 4:3 0-9 9-4 3-8 
_ _ RRRASRE Serer 51-0 36-7 34-4 18-3 
le: Racdaatianesenssaccss 20-4 42°8 31-7 54-7 


In 1898 Hemptinne (Zeitsch. physikal. Chem., 25, 284) exposed 
methyl alcohol at low pressures to the influence of electrical oscil- 
lations, and found that the decomposition products were chiefly 
the oxides of carbon, methane, and hydrogen, and, inasmuch as the 
production of oxides of carbon diminished when the experiment 
was carried out in the presence of phosphorus, the author concluded 
that the primary reaction may be represented as 

CH;-OH =CH,+0, 
a supposition which seems to be inconsistent with the result of 
more recent work. 

Ipatiev, in his well-known researches on the thermal decomposi- 
tions of alcohols in contact with hot solids (Ber., 1901, 34, 3579; 
1902, 35, 1047), found that on passing the vapour of ethyl alcohol 
through a combustion tube heated to between 800° and 830°, about 
one-fifth is decomposed, yielding ethylene and steam, and four- 
fifths into acetaldehyde and hydrogen. In a similar experiment 
with methyl alcohol at 880°, a very slow decomposition occurred, 
with the formation of “oxymethylene” and a gas containing 

CO=16'1, CH,=5°4, and H,=76'8 per cent. 
At 900°, in a porcelain tube, similar results were observed, with- 
out any separation of carbon, the gas in this case containing 
CO=24'1, CH,=2°3, and H,=72°9 per cent. 
These results would seem to indicate as the main reaction: (1) a 
primary decomposition of the alcohol into formaldehyde and 
hydrogen, CH,;,OH=CH,0+H,, followed by (2) a secondary 
resolution of the formaldehyde into carbon monoxide and 
hydrogen, CH,O=H,+CO, although the presence of methane in 
the products would still remain unexplained. 

In 1906, H. Jackson and D. Northall-Laurie (T., 89, 1190) con- 
cluded that the immediate action of a high-frequency electrical dis- 
charge on methyl alcohol may be represented as 

CH,°-OH =CO + 2H,, 
the products (freed from methyl alcohol vapour and traces of 
water) having the mean composition 

CO=32°5, H=61'1, CH,=2°4, C,H,=1°2, C,H,=0°6 per cent. 

In 1912, after the completion of our experiments, W. Lob 
(Zeitsch. Elektrochem., 18, 847) found that the effect of electric- 


os 
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ally heating a nickel wire 0°3 mm. in diameter to 700° in methyl 
alcohol vapour was the almost exclusive formation of formaldehyde 
and hydrogen, the formaldehyde being further resolved, at higher 
temperatures, into carbon monoxide and hydrogen. 


EXPERIMENTAL. 


The apparatus and procedure adopted in our experiments may 
be described with reference to the accompanying diagram. A is 
a laboratory vessel (similar to that employed in the Bone and 
Wheeler gas analysis apparatus) standing in a trough over 
mercury, and can itself be filled with mercury by opening the tap 
a when the remainder of the apparatus is being exhausted. It is 
connected, through a fused glass joint, with the large bulb B 
(capacity 670 c.c.), which during an experiment is kept immersed 
in water at 66°, the boiling point of methyl alcohol. The other 
side of the bulb is connected, through the three-way stopcock C, 
with the inner one of a system of two co-axial porcelain tubes, D, 


é 


aimee —— ae: 


te! 


E£, which can be raised to the desired experimental temperature 
in an electrically heated furnace. Each end of the inner tube D, 
which forms the “reaction tube” (capacity 30 c.c.), terminates 
in a narrow-bore projection, so that; connexions may be made with 
the rest of the apparatus without the use of rubber stoppers. The 
annulus between D and #, which is made gas-tight by means of 
two specially designed brass joints with asbestos-packed stuffing 
boxes, serves principally to minimise inequalities of temperature 
in D. From the other end of D connexions are made with the 
following: (1) the manometer J/, through the three-way tap F; 
(2) the glass worm W, which during each experiment was 
surrounded by ice; (3) a gassampling tube V (capacity 150 c.c.); 
and (4) an automatic Sprengel pump (not shown in the diagram). 

At the outset of each experiment the reaction tube D was first 
of all raised to the desired experimental temperature, which was 
measured by a platinum-iridium thermo-junction. The bulb B 
was then heated to 66°. Meanwhile, the whole apparatus was 
completely exhausted, and the vessel A filled with mercury. 
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About 1 c.c. of methyl alcohol (an amount which, when vaporised 
in B at 66° and with D at the experimental temperature, would 
be sufficient to fill the apparatus as far as tap F at atmospheric 
pressure) was then introduced by means of a pipette into A, from 
whence, by momentary opening the tap, it was drawn over into the 
vaporising bulb B. From B the vapour was admitted into the 
vacuous reaction tube J, where it was heated for a definite time 
interval at the experimental temperature, the taps C and F being 
kept shut during the actual heating. 

On subsequently connecting D with the vacuous worm W and 
the gassampler tube V, on the other side of the furnace, the 
greater part of the products were instantly transferred from D 
to W and V, from whence they were subsequently drawn off by 
the pump into tubes over mercury for analysis. A piece of 
anhydrous zine chloride was put into each tube for the removal 
of any possible aldehyde vapours before analysis. At the con- 
clusion of each experiment the whole apparatus was once more 
exhausted, and finally a test was made for the presence of carbon 
in the reaction tube by heating it in a slow stream of oxygen, which 
entered through the tap C, and finally made its exit through tap 
G into a worm filled with a clear solution of barium hydroxide. 

Two series of experiments, one at 650° and the other at 1000°, 
were carried out, with the following results. 


First Series. T=650°. 


The alcohol vapour was kept at 650° for ten minutes in each 
case. No carbon was deposited in the reaction tube, nor could 
either acetylene or ethylene be detected in the gaseous products, 
which had the following composition : 


CO, =nil, CO=33°0, CH,=11°'25, H,=55°75 per cent. 
The “atomic ratios” for carbon, hydrogen, and oxygen in the 


gaseous products, compared with those required for the methyl 
alcohol from which they arose, were as follows: 


C. H. O. 

Gaseous products ............ 44-25 156-5 33-0 
CURD cccrcrcessscnesscccccccsoces 44-25 177-0 44-25 
Difference ............. — 20-5 11-25 


a circumstance which, in conjunction with the other observations, 
proves that about one-third of the original alcohol had yielded a 
condensable product, in which the ratio H: O=2:1. At the same 
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time, a large percentage of methane also had been formed. These 

facts may be explained by the supposition, which also harmonises 

with the better known behaviour of ethyl alcohol, that at this 

temperature three simultaneous reactions are concerned in the | 

decomposition of methyl alcohol, as follows: 
(1) An essentially low-temperature decomposition into H,:C: 

and H,O, 


H H 
H-COH = H-C-+H,0 | 
H 


(2) A high-temperature decomposition into, ultimately, 
CO +2H,, probably via formaldehyde, thus: 


H H 
H-C-OH = HC.0+H, 
H CO+ H, 


(3) The “hydrogenation” of the H,:C: residues transiently 
formed in (i) by means of hydrogen liberated during (ii) forming 
methane, 

H 
H-C:+H-H = CH, 


much as such residues are transiently formed and hydrogenated! 
during the_thermal decomposition of hydrocarbons (compare Bone: 
and Coward, T., 1908, 98, 1197). 


Second Series. T=1000°. 


At this temperature the alcohol was decomposed almost 
| instantly, without either any deposition of carbon or formation of 
| acetylene or ethylene. The mean composition of the gaseous pro- 
] ducts was as follows: 

CO,=trace, CO=33'1, CH,=2°0, H,=64'9 per cent. 
Comparing, again, the “ atomic ratios” in these products with those 
required for the original CH,O, we have: 


C. H. O. 

Gaseous prooducts .........+++ 35-1 133-8 33-1 
IE cncninsuntdtihedatansansaeken 35-1 140-4 35-1 
Difference ..........++- — 6-6 2-0 


From this it is evident that the main decomposition at 1000° had 
occurred in accordance with the scheme, 


CH,-OH —> [CH,0+H,] —> CO+H,, 


although there is still some evidence, in the formation of small 
quantities of methane and water, of the simultaneous occurrence, 
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to a slight extent, of the low-temperature decomposition which was 
so pronounced at 650°. 


In conclusion, the authors wish to acknowledge their indebted- 
ness to the Government Grant Committee of the Royal Society for 


grants out of which the cost of the experiments were partly 
defrayed. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, Tue UNIVERSITY, 
LONDON, LEEDS. 
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CLX.—The Fractional Distillation of Petroleum. 
By James McConneELit SANDERS. 


In the examination of crude petroleum, burning oil, or petrol by 
the distillation test, it is often desirable to determine the specific 
gravity of successive fractions. The data so obtained are useful in 
discriminating between a natural distillate and artificially prepared 
mixtures or blends of oils, whilst a practical application of the 
method is to be noticed in the rule of the New York Produce 
Exchange, which requires, for an oil to be considered as a “ pure 
natural oil,” that a regular gradation in the densities of successive 
fractions be exhibited. 

When the amount of sample available is small, a not infrequent 
occurrence, the individual fractions are often too small to allow 
of a specific-gravity determination by the usual rapid methods, such 
as by the hydrometer or hydrostatic balance, and this is of special 
consequence when a fractional distillation by the “Engler 
method,” using 100 c.c., is to be made simultaneously with density 
determinations with successive fractions. 

For such cases the author has devised an apparatus which allows 
the specific-gravity determinations to be made simultaneously with 
the fractionation, thus avoiding the loss of time occasioned by the 
transference of each fraction to a suitable pyknometer, and the 
subsequent weighing operations. 

The apparatus shown (Fig. 1) consists of a vertical condenser 
tube A, connected by its lower extremity to a three-way tap D, 
which communicates with an outlet tube / and a horizontal branch 
F. The latter is connected to a tube B, of the same dimensions 
as A, and placed parallel to it as shown, whilst the free extremity 
is connected by a flexible tube to the graduated levelling tube C. 

The tubes A and B are surrounded by a water-jacket, which is 
supported in a vertical position, a thermometer (not shown in the 
figure) serving to indicate the temperature of the water in the 
jacket. 

A and B are graduated, the scales showing heights above a 
common datum line, which is made the zero point on each tube. 
By careful selection of the tubes, this graduation may be made to 
serve also to indicate the contents of each tube; if this is not 
done, the relation between the scale indications and the volume 
content of the tubes must be determined. In the apparatus con- 
structed by the author, a long, narrow burette, graduated in cubic 
centimetres, was found on calibration to be sufficiently uniform 
to allow of its being cut in two, the two halves being then sealed 
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to the tap D, and the tube F, in such a manner that when hung 
vertically the graduations on each tube were coincident horizontally. 
The same result may also be obtained by placing a flat scale 
engraved on glass behind the two tubes. 
In order to conduct a distillation, and determine simultaneously 
the specific gravity of each fraction, the distillation flask, shown 
to the left of the figure, is placed in position, charged with the 


Fic. 1. 


4 


Heitifinl 


i fpanafg tinny 


weighed or measured amount of oil. The tube C is supported 
in a clip, permitting it to be raised or lowered easily in a vertical 
plane; a suitable amount of distilled water is poured into C, the 
tap D being in the position shown in the figure. By means of 
the levelling tube, the columns of water in the tubes 4 and B are 
brought to the zero of the scales, and the distillation commenced. 
As the distillate collects in the tube A, floating on the water 
column therein, the levelling tube C is continually adjusted, so as 
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to keep the line of separation between the oil and water at the 
zero point on the scale. 

A little time before the required amount of distillate has passed 
over, the source of heat is removed from the distillation flask, and 
as soon as the fraction is complete, the column of water is adjusted 
exactly to the zero point on tube A, and the heights of the columns 
in A and B are read, together with the temperature of the water- 
jacket; from these readings the specific gravity of the oil fraction 
is readily calculated, as in the well-known method of “ balancing 
columns.” 

The levelling tube C is now lowered so as to withdraw all the 
water from the tube A, and leave the perforation in the tap full 
of distillate; the tap is then given a quarter-turn to the left, thus 
allowing the distillate to flow out of tlie tube ZH, to be collected 
for subsequent examination. On turning the tap back to its 
primitive position, the distillation can be proceeded with, and 
successive fractions treated in the same manner. 

Since the tubes A and B are large in diameter, the error of 
meniscus is not of great importance; it can be allowed for, how- 
ever, by suitable measurements made with distillates of varying 
character. 

When the sample under examination contains much water, its 
amount can be approximately determined by the increase in 
volume of the total amount of water in the apparatus, as shown 
by the graduations on the levelling tube C. 

In cases where it is not required to collect each fraction 
separately, the specific-gravity determinations may be made at 
determined intervals of time, temperature, or volume of distillate 
by continually adjusting the levelling tube and making the requi- 
site readings after first mixing the whole of the distillate in the 
tube A by raising and lowering C. By this means a curve may be 
plotted showing the gradual change in density during a continuous 
distillation, or the effect of “cracking” a crude oil, at any stage 
of the distillation. 

In the examination of heavy crude oils, such as those of Mexican 
origin containing much asphaltic matter, in addition to consider- 
able amounts of water, two difficulties usually present themselves. 

In the first place, the water is frequently held in an emulsified 
or suspended condition in the oil, and causes trouble in the dis- 
tillation from frothing, and as it condenses in the upper part of 
the distillation flask, it eventually collects in sufficient amount to 
fall into the hot oil and spoil the distillation. The second difficulty 
is met with when it is desired to push the distillation to the 
“coking” stage, and in such cases the amount of heavy asphaltic 
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residue is so great that the flask must be heated to the softening 
point before the distillation is completed, owing to the intumes- 
cence of the asphaltic residue. In such cases, a copper retort may 
be used, but it is difficult to arrange a satisfactory stopper which, 
whilst resisting the high temperature of the retort neck, will at 
the same time allow the thermometer to be adjusted or changed ; 
also a copper retort does net allow of the oil being observed during 
the distillation. 

The difficulty of water condensation in the upper part of the 
distillation flasks is a serious one when an accurate determination 
of the water content of an oil sample is under consideration. As 
shown by I. C. Allen and W. A. Jacobs (Highth Int. Cong. App. 
Chem., 10, 17), one of the most accurate methods for such a 
determination consists in the direct distillation of the sample from 
an electrically heated still, and the subsequent removal of the 
water fromm a series of receivers by means of a micropipette. 
Usually, drops of water adhere to the condenser-tube walls and 
fail to run into the receivers, and this difficulty is met by these 
authors by the employment of a tared pellet of absorbent cotton, 
which is used to wipe out the condenser. 

In the author’s hands, this method of removing the adherent 
drops of water was found to be far from satisfactory, since how- 
ever well moistened the cotton was, it invariably took up oil as 
well. Plugs of asbestos saturated with petroleum, when pushed 
down the condenser tube with a glass rod, remove the greater 
part of the adherent water as an emulsion with the oil, and sub- 
sequent treatment of this emulsion in a graduated tube by centri- 
fugal action allowed the water to be separated and measured. 

The greater part of the adherent water in the condenser can 
be removed in this manner, but very small drops still remain, not 
only in the condenser, but also in the side neck of the flask and 
in the upper part of the wide neck, where it is found drawn in 
by capillary attraction between the glass and the tinfoil covering 
of the cork. 

The above-mentioned difficulties have been met by the author 
by the use of a special form of distillation flask and the application 
of the method described below. 

A Hoffmann distillation flask with two side necks axially co- 
incident, and of the proportions and dimensions required in the 
standard “ Engler flask,’ is immersed in a silvering solution, after 
thorough cleansing, up to the level of the side neck, and allowed 
to acquire a uniform coating of silver. A copper wire is twisted 
round the neck of the flask in contact with the silver coating, and 
the whole immersed in a solution of copper sulphate, acidulated 
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with sulphuric acid ; a cylindrical anode of sheet copper is arranged 
to surround the flask at a uniform distance (about 3 cm.) from its 
equator, and by suitably adjusting an electric current, a uniform 
coating of copper is given to the flask. In the flasks prepared by 
the author, the copper solution was not circulated during the 
electro-deposition, and thus the lower part of the flask was more 
thickly coated than the sides, the thickness of the deposit varying 
from 0°2 to 0°6 mm. 

Before commencing the copper plating, small circular portions 
of the silver coating are rubbed away on opposite sides of the 
flask; these serve to form “sight holes” for observing the 
behaviour of a sample during distillation; they are shown at C 
(Fig. 2). 

On using a copper-coated flask of this description, the copper 
coating expands considerably on the application of heat, so much 
that the flask may be rotated within its covering, and a thin 
layer of air serves to prevent the metal from coming into direct 
contact with the glass. Such a protected flask may be heated by 
a blast lamp without injury to the glass, and the heating of the 
contents is uniform and distributed adequately, preventing the 
“eracking” of petroleum, and contributing largely towards the 
control of excessive frothing. A standard “Engler flask” thus 
prepared by the author has been in constant use for nearly three 
years, and is still perfectly serviceable, although heavy asphaltic 
oils have frequently been distilled to the “coking stage.” The 
coke and residue may be removed by first loosening the deposit 
by treatment wjth carbon tetrachloride, gently scraping with a 
glass rod, and the remaining organic matter destroyed by heating 
with dichromate mixture. It may be pointed out that a flask of 
this kind takes the place of the somewhat complicated electric still 
described by Allen and Jacobs. 

The prevention of condensation of water in the upper part of 
the flask is effected by the use of an electrically heated still head, 
B (Fig. 2). This may be constructed of a coil of resistance wire 
placed inside a test-tube, which passes through a perforated cork ; 
in the author’s apparatus use was made of a cylindrical electrical 
lamp with carbon filament, connected in series with a rheostat, 
which was adjusted to give a series of definite temperatures as 
required. The temperature of the upper part of the flask neck 
can be still further controlled by the use of cylindrical tinplate 
reflectors placed around the neck. 

With such an arrangement, no water was found to condense in 
the flask, and the temperature of each distillate could be con- 
trolled within narrow limits. 
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When the determination of water is the only matter under con- 
sideration, the side neck A (Fig. 2) is supplied with a similar 
heating element tc prevent condensation of water, and in cases 
where frothing is excessive, a current of carbon dioxide may be led 
into the flask and through the oil by means of a tube passing 
through A, that part of the tube which is inside the side neck 
being surrounded by a few coils of resistance wire and supplied 
with current, so as to superheat the current of gas and prevent 
condensation of water in the neck. 

When an ordinary distillation is to be conducted, the tempera- 
ture of the distillate is determined by a thermometer, placed as 
shown in the figure, the opening to the side neck being closed with 
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a tightly fitting disk of asbestos cardboard, through which the 
thermometer passes. Before commencing the distillation, this disk 
is rendered impervious to the oil vapours by brushing a thick paste 
of water-glass and lime over it and allowing it to dry. 

In order to collect the water obtained during the distillation, the 
following method is followed. 

The main portion of the water is found in the fractions passing 
over up to 150°; these fractions are mixed and centrifuged in 
graduated tubes, the separated water being measured. The re- 
maining water is found adhering to the walls of the side neck and 
the condenser ; these are quickly washed out with absolute alcohol 
which has been distilled over magnesium—aluminium amalgam. 
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The alcohol completely breaks down the surface tension of the oil 
and water films, and allows the water to be completely removed. 
The alcoholic washings are received in a suitable apparatus and 
treated with magnesium amalgam, the hydrogen evolved being 
collected and measured; the final part of the operation may be 
assisted by the application of heat, alcohol vapour being removed 
by passing the gas through water. 


Mex':co City. 


CLXI.—Ezaistence of Racemic Compounds in the 


Inquid State. Part LI. 


By CLaRENcE SMITH. 


By determinations of the molecular surface energy at different 
temperatures, it has been shown (Mitchell and Smith, T., 1913, 
103, 489) that the molecular complexity of the active and the 
inactive modifications of the pinenes and the limonenes, and of 
methyl d-tartrate and methyl racemate, in the liquid state is the 
same, and corresponds very nearly with that of a normal, un- 
associated liquid; necessarily, it follows that the inactive modifi- 
cation of each substance cannot be a liquid racemate, since it has 
the same molecular weight as the active varieties. 

The preceding substances were purposely selected for examina- 
tion in order to avoid the complications which arise in the case 
of associated liquids. However, now that it has been shown that 
the active and the inactive modifications of an unassociated liquid 
give satisfactory results, the complications arising in the case of 
associated liquids can be utilised to obtain a still more definite 
solution of the problem in question. It is well known that in an 
associated liquid the association of the molecules is manifested by 
an abnormally large rate of decrease of the molecular surface 
energy with increase of temperature, so that & increases 
(numerically) with rise of temperature, and does not remain 
constant (or decrease slightly), as is the case with an unassociated 
liquid. Therefore, if the optically active modifications of a liquid 
are associated, and the inactive form is an equal molecular mix- 
ture of the two active varieties, it is legitimate to expect that k 
will increase at the same rate over the same range of temperature 
for all three modifications; on the other hand, if the inactive form 
is a liquid racemate, its & values will differ materially from those 
of the active forms. 

With this object in view, the examination of liquids which con- 
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tain a hydroxyl group, and therefore are likely to be associated, 
has been undertaken, but, with one exception, all the liquids the 
active forms of which are at present at the author’s command have 
proved to be unassociated between 0° and 90°. These liquids are 
-phenylethylmethylearbinol, methylhexylcarbinol, phenylethyl- 
carbinol, and methyl f-hydroxy-8-phenylpropionate. In all cases, 
the k values remain constant (or decrease slightly) as the tempera- 
ture rises; moreover, the k values of the di-form are substantially 
the same as those of the active modifications. Although this 
equality proves, as in the case of the pinenes and the limonenes, 
that the inactive modifications are not racemic compounds, the 
method of proof is not the conclusive one outlined above. 

The densities and the capillary heights of the preceding sub- 
stances are linear functions of the temperature between 0° and 90°. 
The density curves of di- and d-8-phenylethylmethylearbinols are 
exactly coincident, so also are those of dl- and /-methylhexyl- 
carbinols. In the case of the remaining substances, slight differ- 
ences have been obtained in the densities of the active and the in- 
active modifications, but these differences are very small indeed, 
and do not exceed 0°1 per cent. at 0°. Doubtless, therefore, the 
inactive and the active modifications of each of the preceding sub- 
stances have the same density at the same temperature. This 
equality furnishes corroborative evidence that the inactive modifi- 
cations are liquid mixtures, not compounds (compare Traube, Ber., 
1896, 29, 1394). 

Still further evidence is obtained by the application of 
Longuinescu’s empirical relation (J. Phys. Chim., 1903, 1, 288; 
1908, 6, 552) to those of the preceding liquids the normal boiling 
points of which are known; dl-8-phenylethylmethylcarbinol (b. p. 
239°5°/766 mm., d, 0°9934), di-phenylethylearbinol (b. p. 212°, 
d, 1°0136), and dl-methylhexylearbinol (b. p. 179°/762 mm., 
d, 0°8393) each give values of m which are very nearly equal to 
the number of atoms in the simple, not the doubled, molecular 
formula. 

Butan-8-ol is the only liquid examined, which proves to be 
associated. The densities of the d- and the dl-modifications are 
the same at any given temperature between 0° and 90°: also the 
rise of the liquids in a capillary tube is the same at the same 
temperature. The curves representing the densities and the 
capillary heights are shown in the diagram. The temperature- 
coefficients of the molecular surface energy, calculated from these 
data, are obviously the same for both liquids and change at the 
same rate over the same range of temperature. Therefore they 
provide the proof, mentioned above, that d- and dl-butan-B-ol have 
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the same molecular complexity, and the inactive modification is 
not a racemic compound. The temperature-coefficient is 1°56 
between 70° and 80°, so that the liquids are still markedly 
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associated, even at temperatures not far removed from the boiling 
point, 98°. The application of Longuinescu’s empirical formula 
gives the value 20, instead of the theoretical value 15, for the 
number of atoms in the molecule. 
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EXPERIMENTAL. 


The active modifications of B-phenylethylmethylcarbinol, pheny]- 
ethylcarbinol, and methylhexylcarbinol, and the active and inactive 
modifications of butan-B-ol, were supplied by Dr. Pickard. 
dl-Methylhexylcarbinol was prepared from commercial sec-octyl 
alcohol by careful purification through the hydrogen phthalate, 
according to the directions of Pickard and Kenyon (T., 1911, 99, 
58). dl-Phenylethylcarbinol could not be obtained in a state of 
satisfactory purity by the hydrogen phthalate method, since it is 
apparently readily dehydrated by heating with phthalic anhydride. 
After several hundred grams of the carbinol had been wasted in 
fruitless attempts, this method of purification was abandoned. 
The carbinol was prepared from benzaldehyde and magnesium 
ethyl iodide in the usual manner, an excess (0°5 mol.) of the 
Grignard reagent being employed to ensure that the crude product 
did not contain benzaldehyde, which is the only substance present, 
the boiling point of which is near that of the carbinol. The 
carbinol was then repeatedly fractionated under 40 mm. pressure, 
and a sample finally obtained which boiled at 128°0—-128°4°. 


Preparation of dl-8-Phenylethylmethylcarbinol. 


This substance is conveniently obtained by the following method. 
Solutions of 0°5 gram of palladous chloride and 0°5 gram of gum- 
arabic in 15 c.c. of water, and 28 grams of styryl methyl ketone 
in 75 c.c. of alcohol, are mixed and shaken mechanically in an 
atmosphere of hydrogen (1°5 atmos.). The absorption of the gas 
ceased after four and a-half hours, when 5610 c.c., measured at 15° 
and 762 mm. (theoretical amount, 4520 c.c.), had been utilised in 
converting the unsaturated ketone into f-phenylethyl methyl 
ketone. The liquid was filtered, diluted with about 500 c.c. of 
water, and extracted thrice with ether. The combined ethereal 
extracts were dried over granular calcium chloride, and the solvent 
was evaporated until the temperature reached 130°. The residue 
was filtered to remove a small quantity of solid which had 
separated, and was then distilled, whereby f-phenylethyl methyl 
ketone, boiling at 232—234°, was obtained in an 83 per cent. yield. 

The ketone was reduced by sodium and alcohol by Mannich and 
Thoms’ method (Ber., 1903, 36, 2544), and the resulting 
dl-B-phenylethylmethylearbinol was purified by means of its 
hydrogen phthalate. The purified carbinol boiled at 239°5°/ 
766 mm. 

The methyl esters of di- and of d-8-hydroxy-B-phenylpropionic 
acids were supplied by Dr. McKenzie. 
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The apparatus employed for the determinations of the densities 
and of the capillary heights, and their manipulation, are the same 
as those described by Mitchell and Smith (oc. cit.). 


dl-B-Phenylethylmethylearbinol, b. p. 239°5°/766 mm. 


Densities.—d‘,=0°9934 (1—0°0008065¢). 
18-19% 282°. 34:7°. 42-3°. 49-8°. 56-0°. 81-3°. 95-6°- 
Obs....... 0-9792 0-9708 0-9655 0-9598 0-9534 0-9483 0-9280 0-9168 
Cale. .... 0-9789 0-9708 0-9656 0-9595 0-9535 0-9485 0-9282 0-9168 


Capillary Heights.—h,=3°075 (1—0°001812¢). 
11-0°. 22-2°. 34:3°. 47-49. 66:6°. 82-4°. 
QB. vecccscccscccssceces 3-018 2-942 2-884 2-810 2-704 2-616 
CEE. sccccscccconcccsssose 3-014 2-951 2-884 2-811 2-704 2-616 


d-B-Phenylethylmethylcarbinol, a+ 14°00°. 


Densities.—d=0°9934 (1 —0°00080657). 
Seven determinations. Mean error between observed and calcu- 
lated values, 0°00005. 


Capillary Heights.—h,=3'053 (1 —0°001666¢). 
Five determinations. Mean error, 0°001. 


1-B-Phenylethylmethylearbinal, ao —14°06°. 
Densities.—d‘,=0°9939 (1 —0°0007967). 
Seven determinations. Mean error, 0°0001. 
Capillary Heights—h,=3°0705 (1—0°0017882). 
Eight determinations. Mean error, 0°002. 
Molecular Surface Energies (M=150; r=0°02515). 


PF sicsonssarsasenscs 10 20 30 40 50 60 70 80 
: : peccsccccccececses 0 0°9774 0°9694 0°9614 0°9533 0°9453 0°9373 0°9293 
bescssesesscoccces 36°7 35°74 34°77 33°82 32°39 31°96 31°05 30°14 
lt: M/d)?/3 ...... 1046 4 10245 10022 9803 9585 936°75 9151 893°6 Mean 
10.€ ccccccceseee 2°19 2°21 2°20 2°20 2°19 2°19 2°18 2°19 
(For d-form) ‘10.4. — 2°04 27035 = 2°03 2°03 2°02 2°02 27015 =. 2°08 
tan © w ROR = (2°25) 92°17 2°16 2°16 2°16 27155 82°15 2°16 


dl-Methylhexylcarbinol, b. p. 110°/120 mm. 


Densities.—d‘, =0°8393 (1 —0°00096977). 

25-2°. 33°7°% 39-1% 45:3° 51-4°. 69-4°. 76-8°. 81-7°. 87-0°. 
Obs. .... 0-8188 0-8118 0-8075 0-8028 0-7973 0-7839 0-7772 0-7731 0-7685 
Cale. .... 0-8188 0-8119 0-8075 0-8025 0-7975 0-7828 0-7768 0-7728 0-7685 

Capillary Heights—h,=2°666 (1 —0°002306t). 
13-0°. 23-7°. 44-4°, 58-0°. 69-3°. 80-0° 
Ms. acdasinaesiiepeseness 2-586 2-517 2-390 2-344 2-241 2-174 
NBs. ctesssesess Sacseseses 2-586 2-520 2-393 2-340 2-240 2-174 
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d-Methylhexylcarbinol, ai%, 16°16°. 
Densities.—d‘, =0°8377 (1 —0°0009596¢). 
Nine determinations. Mean error, 0°0002. 
Capillary Heights.—h,=2°655 (1—0°0022312). 
Eight determinations. Mean error, 0°0004. | 


1-Methylhexylearbinol, a3} --4°00°. 
.Densities.—d‘, =0°8393 (1—0°00096972). 
Ten determinations. Mean error, 0°0002. 
Capillary Heights —h,=2°640 (1—0°0021512). 
Eight determinations. Mean error, 0°001. 


Molecular Surface Energies (M=130; r=0°02515). 
Siapeibinnspin 10 20 30 40 50 60 70 = 80 


me 
5 : eeecceccccccccccce 0°8312 0°8230 0°8149 0°8068 0°7986 0°7505 0°78235 0° _ 
a 26°705 25°82 2495 24:09 23°24 22°40 21°58 20°7 
nll \} Mai aye .7753 7545 7338 7132 6928 6724 65271 632° 0. Mean 
FS LENO. € cccccccccced - 2°08 2075 2°07 2°06 2°06 2°05 205 2°06 
(For d-form) tix.t. = — 2°00 2°00 1°99 1°99 1°99 1°98 1°98 1°99 
» & 5 )kwo.e — 1°94 1°93 1°93 1°92 1°92 1°91 1°91 1°92 


dl-Phenylethylcarbinol, b. p. 128°0—128°4°/40 mm. 


Densities.—d { =1°0136 (1—0°0008327¢). 
19-4°, 26-9°. 34-5°. 40-7°. 58-5°. 72-6°. 81-0° 


Obs. -.- 0-9972 0-9912 0-9845 00-9792 0-9636 0-9523 0-9454 


Cale. ..... 09972 0:9909 0-9845 0-9792 0-9642 0-9523 0-9453 


14-8°. 30-0°. 45-9°. 60-2°. 75-5°. 
DEB. cccoseccesescscsccorecoce 2-791 2-709 2-621 2-535 2-458 
GMB. ccccesoscccsccvescocscese 2-791 2-707 2-620 2-542 2-458 


(For l-form)k10.¢ _ 1°98 1°98 1°98 1°97 1°97 1°96 196 


Capillary Heights.—h,=2°872 (1—0°001910¢). 


1-Phenylethylcarbinol, [a|i —27:07°. 
Densittes.—d‘, =1°0129 (1 —0°000831¢). 
Seven determinations. Mean error, 0°0002. 
Capillary Heights.—h,=2°849 (1—0°001863¢). 
Eight determinations. Mean error, 0°005. 


remand Surface Energies (M =136; r=0°02515). 


eeercereccececcees 10 20 30 40 50 60 70 80 
a eo ceeceecccceccsecs 1 = 0°9966 0°9882 09797 0°9713 0°9629 0°9544 0°9460 
J Yevcrcccccceccvcces 349 33°96 33°00 32°06 31°13 30°20 29°29 28°39 
_ eecees 920° e nas | 1 8798 8595 8393 8192 7992 779°2 Mean 
R10. tevseseeee vee _ 2°05 2°04 2°03 2°03 2°03 2°02 2°02 2°03 
1°97 
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Methyl dl-8-Hydroxy-B-phenylpropionate, b. p. 158—161°/ 
17—18 mm. 

Densities.—d{, =1°1547 (1 —0°0007807¢). 

22-3°. 39-2°. 469°. 54-6°. 60-2°. 70:2°. 767°. 84-3°, 


Obs....... 1-1346 1-1188 1-1121 1-1047 1-1009 1-0915 1-0856 1-0791 
Cale. .... 1:1346 1-:1193 1-1124 1-1055 1-1005 1-0915 1-0856 1-0791 


Capillary Heights h,=2°882 (1 —0°001735t). 
13-2°. 22-9°. 31-0°. 45-6°. 58-2°. 71-4°. 80-4°. 


Obs. ccccese 2-816 2-771 2-732 2-659 2-590 2-523 2-480 
Cale. ....... 2-816 2-767 2-727 2-654 2-591 2-525 2-480 


Methyl d-B-Hydroxy-B-phenylpromonate, [a], 14°1° in ethyl 
alcohol (¢c=4°717). 

Densities.—d‘=1°1557 (1 —0°0007724¢). 

Six determinations. Mean error, 0°00005. 

Capllary Heights.—h,=2°905 (1—0°001777t). 

Six determinations. Mean error, 0°008. 


Molecular Surface Energies (M=180; r=0°02515). 


9» Cvcscccceccnscscces 10 20 30 40 50 60 70 80 
E (¢ pasracccsssscccone 1°1457 =1:1367 1°1276 1°1187 1°1096 1°1006 1°0916 ok 0826 
BDF Werdnnaesescesséesn 40°02 39°01 3800 37°01 3693 35°06 3410 3°15 
ae M/d)?8 ...... 1165" 4 1141°8 11183 10949 1071°6 10484 1025°3 aT 002: 2 Mean 
BS UBIO. € ccccccccccee 2°36 2°35 2°35 2°345 2°34 2°335 = -2°33 2°34 
( For d-form)*10.¢ _ 2°42 2°415 = =2°41 2°41 27405 2°40 2°395 2°41 
Butan-B-ol. 
dl-Butan-B-ol, b. p. 98°. | d-Butan-B-ol, a?), 10°94°. 
Capillary | Capillary 
height | height 
Tempera- Tempera- (r= | Tempera- Tempera- (r= 
ture. Density. ture. 0°02515). | ture. Density. ture. 0°02515). 
13-8° 0-8127 13-5° 2-314 12-7° 00-8129 9-8° 2-341 
15-2 00-8112 23:5 2-255 17-8 00-8088 21:3 2-271 
17-2 08099 31:4 2205 {| 20:8 08064 31:5 2-206 
21-8 0-8061 42-0 2-140 | 22-8 00-8047 40-5 2-149 
23-7 00-8044 52:5 2-069 40-3. 00-7904 51-1 2-077 
33-1 0-7962 61-4 2-000 | 41-9 0-7889 59-8 2-013 
41-1 0-7891 73-1 1-921 44-7 Q-7864 71:2 1-938 
49-1 0-7828 83-4 1-849 47-2 0-7839 84-6 ¢1-844 
51:8 0-7801 _ -—- 49-0 0-7824 = -—= 
54-4 0-7777 _ —- 68-2 0-7637 — — 
70:8 0-7616 aa —- 69-6 00-7622 —- — 
73-3  0-7592 — = | 72-1 0-7598 _- — 
77-1 = =0-7554 — — 74-3. 90-7575 — —: 
| 75:8  0-7559 
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Molecular Surface Energy of d- and dl-Butan-B-ol (M =74). 


t. h. d. 7: »(M/d)?*. ki): t 
10-0 2-340 0-8157 23-54 475-4 -= 
20-0 2-279 0-8073 22-70 461-4 1-40 
30-0 2-215 0-7989 21-83 446-9 1°425 
40-0 2-152 0-7905 20-98 432-6 1-43 
50-0 2-085 0-7820 20-115 417-7 1-44 
60-0 2-015 0-7727 19-21 402-1 1-47 
70-0 1-950 0-7630 18-35 387-4 1-47 
80-0 1-880 0-7522 17-445 371-8 1-48 


In conclusion, I wish to offer my thanks to Dr. Pickard and Dr. 
McKenzie for the loan of pure materials, to Mr. H. Johnson for 
the preparation of pure d/-methylhexylcarbinol, and to the Research 
Fund Committee of the Chemical Society for a grant which has 
defrayed the cost of the investigation. 


East LONDON COLLEGE. 


CLXIL.-—Contributions to the Chemistry of the Terpenes. 
Part XVIII. Camphenanic Acid and its Isomerides. 


By Grorce Geratp HENDERSON and Maccie MILLEN JEFrFs 
SUTHERLAND. 


Amone the products of oxidation of the hydrocarbons camphene 
and bornylene there occur three, or possibly four, isomeric acids 
of the formula C,H,,-CO,H, namely, camphenilanic, isocamphenil- 
anic, camphenanic, and isocamphenanic acids, which are closely 
related to each other. Camphenilanic acid (m. p. 65°) was origin- 
ally obtained by Bredt and Jagelki (Annalen, 1900, 310, 112) by 
the spontaneous oxidation in air of the corresponding aldehyde, 
which was prepared by oxidising camphene with chromyl chloride. 
It was also found by these observers that when camphenilanic acid 
is heated for a considerable time with concentrated nitric acid, it 
is converted into the isomeric isocamphenilanic acid (m. p. 118°), 
and that the iso-acid is produced when camphenilanaldehyde is 
oxidised, with potassium permanganate. Subsequently, Henderson 
and Heilbron (T., 1911, 99, 1887) showed that bornylene likewise 
is partly converted into camphenilanaldehyde on oxidation with 
chromyl chloride, that camphenilanic acid is gradually transformed 
into zsocamphenilanic acid when repeatedly crystallised from water, 
alcohol, or light petroleum, but not to any appreciable extent when 
acetic acid is used as the solvent, and that camphenilanic acid 
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remains unchanged when heated for some time at a temperature 
a little above its melting point, or when exposed to ultra-violet 
light. 

By the oxidation of camphene with hydrogen peroxide, the 
authors (T., 1911, 99, 1539) obtained, along with isocamphenil- 
analdehyde and other neutral products, a mixture of two acids, 
which were separated by fractional crystallisation from acetic acid ; 
the less soluble camphenanic acid melted sharply at 95°, the more 
soluble ¢socamphenanic acid at about 74°. It was also observed 
that camphenanic acid is completely converted into the isomeric 
isocamphenilanic acid when heated with acetic anhydride. 
Camphenanic and tsocamphenanic acids were independently dis- 
covered by Aschan (Finska Vetenskaps-Societetens Férhandlingar, 
1911, 58, Afd. A, No. 12) among the substances produced by 
oxidising camphene dissolved in glacial acetic acid with potassium 
permanganate at a low temperature. At a later date, Henderson 
and Caw (T., 1913, 108, 1544) prepared camphenanic and iso- 
camphenanic acids, together with other substances, from bornylene 
by oxidising the hydrocarbon with hydrogen peroxide. It has also 
been found that camphenanic acid remains unaltered when exposed 
to ultra-violet light. 

Thus it has been shown that camphenilanic, camphenanic, and 
isocamphenanic acids can be obtained both from camphene and 
from bornylene by different methods of oxidation, and that both 
camphenilanic and camphenanic acids can be easily converted into 
tsocamphenilanic acid. The work described in the present paper 
was undertaken in the hope of acquiring more information regard- 
ing the relationship of the four acids. 

It was thought that information bearing on this point could 
be gained by preparing the corresponding alcohol from each acid 
according to the method of Bouveault and Blanc (Compt. rend., 
1903, 186, 1676; 187, 60), and consequently sufficient quantities 
of the acids were made from camphene: camphenilanic acid by 
means of the reaction with chromyl chloride, camphenanic and 1so- 
camphenanic acids by oxidation with hydrogen peroxide, and 
tsocamphenilanic acid from the others by the method described 
below. Each acid was then converted into its methyl ester, accord- 
ing to the process of Werner and Seybold (Ber., 1894, 37, 3658). 
The esters are colourless, somewhat viscous liquids of agreeable 
odour, which distil with slight decomposition under diminished 
pressure. Their boiling points are all the same, or almost the 
same, namely, 103—104°/22 mm., but nevertheless three at least 
of them are individual substances, as is proved by the fact that on 
hydrolysis the esters of camphenilanic, «socamphenilanic, and . 
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camphenanic acids yield the respective acids in a state of purity. 
On the other hand, the product obtained by hydrolysing the ester 
of tsocamphenanic acid was found to be, not that acid, but a mix- 
ture of two others. By fractional crystallisation from acetic acid 
the mixture was separated into its components, and these were 
identified as camphenilanic and isocamphenilanic acids respectively. 
This points to the probability that isocamphenanic acid is, in 
reality, not an individual compound, but a mixture of camphenil- 
anic and isocamphenilanic acids, and in this connexion it may be 
noted that these acids have already been observed to show a 
tendency to form mixtures of constant melting point (compare 
Henderson and Heilbron, loc. cit.). . On the other hand, it is 
possible that tsocamphenanic acid is a definite substance, and that 
it is converted into a mixture of the other two isomeric acids during 
the process of esterification. 

The esters of the four acids were reduced to the corresponding 
alcohols by treatment with sodium and alcohol; the reactions pro- 
ceeded smoothly, and fairly satisfactory yields were obtained. 
Examination of the products showed that reduction of the different 
esters had led to the formation of the same alcohol in each case. 
The new alcohol, C,H,,-CH,-OH, which we propose to name 
camphenilanol, is a crystalline solid with a faint odour, melting at 
77°. It is saturated, and on oxidation with chromic acid mixture 
yields camphenilanaldehyde and a little isocamphenilanic acid. 
Its hydrogen phthalate crystallises in colourless plates, which melt 
at 153°, and its p-nitrobenzoate in faintly yellow needles, melting 
at 89—90°. 

The treatment of the esters with sodium and alcohol resulted in 
the conversion of the greater part of each into camphenilanol, but 
a small quantity of an acid was always obtained as a by-product. 
In each case, no matter which of the esters formed the starting 
point, this acid was found to be tsocamphenilanic acid. Thus, 
during the reduction of the esters, a small proportion of each 
undergoes hydrolysis, and the liberated camphenilanic, camphen- 
anic, or tsocamphenanic acid, respectively, is transformed into 
tsocamphenilanic acid, whilst, of course, that acid is also set free 
to some extent from its methyl ester. It is apparent that iso- 
camphenilanic acid is the most. stable of the isomerides, for the 
other acids can all be converted into it in different ways, whilst, on 
the other hand, no instance of the conversion of tsocamphenilanic 
acid into any one of the other isomerides has been observed. 

A summary of the relationships of the acids and their esters to 
camphenilanol and to each other is given in the following table: 
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_ Camphene | 
_ ‘Bornylene, 


ean | 
Camphenilanaldehyde 
K 
Camphenilanic acid —>Methyl camphenilanate 


* ; M 
Stee ate — <— a ae acid 
Methyl csocamphenilanate | —~rethy! camphenanate 
2 
Camphenilanol. 
nea —> isoCamphenanic acid —> 


Methyl isocamphenilanate \ p 
(Moth camphenilanate —> Camphenilanol. 


It has been definitely established that camphenanic acid can be 
obtained both from camphene and from bornylene by oxidising 
these hydrocarbons with hydrogen peroxide, and it is at first sight 
difficult to account for this fact if the constitution of camphene is 
that assigned to it by Wagner. However, further investigation is 
necessary before the constitution of camphenanic acid and the 
nature of its relationship to camphenilanic and isocamphenilanic 
acids can be elucidated. We intend to continue this work, and 
in the first instance to prepare camphenilanol in sufficient quantity 
to enable us to ascertain whether this alcohol is a derivative of 
camphene or of bornylene. 


EXPERIMENTAL. 


Preparation of the Methyl Esters of Camphenanic Acid and its 
Isomerides. 


Twenty grams of methyl sulphate were added to a solution of 
10 grams of camphenanic acid in concentrated aqueous potassium 
hydroxide, and the mixture was shaken vigorously for some time, 
then warmed at about 50° until the reaction was completed, and 
finally heated on the water-bath for half an hour in order to 
remove the excess of methyl sulphate. After cooling, the solution 
was neutralised by addition of potassium hydroxide, and extracted 
several times with ether; the ethereal solution was washed, dried 
with anhydrous calcium chloride, and distilled until the ether had 
passed over. The aqueous liquid was acidified with dilute 
sulphuric acid, and any camphenanic acid which had not been 
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esterified was collected. When about 40 grams of the acid had 
been thus converted into its methyl ester, the crude product was 
purified by distillation under diminished pressure. The esters of 
the other acids were prepared in a similar way. 

Methyl camphenanate, CyH,,CO,Me, is a colourless, syrupy 
liquid with a pleasant, ethereal odour, which boils with slight de- 
composition at 104°/22 mm. It is insoluble in water, but soluble 
in the usual organic solvents. 

A portion of the ester was hydrolysed by heating for some hours 
under reflux with methyl-alcoholic potassium hydroxide. After 
removal of the alcohol by distillation, the solution was acidified, 
and the separated acid collected, washed, and crystallised from 
acetic acid. It separated in colourless prisms, which melted .at 
95°, and showed the other properties of camphenanic acid. 

Methyl camphenilanate, C,H,,*CO,Me, is also a colourless, viscous 
liquid, with an odour closely resembling that of methyl 
camphenanate. It distils at 104°/22 mm., and on hydrolysis yields 
camphenilanic acid. 

Methyl isocamphenilanate, C,H,;*CO,Me, is indistinguishable 
from the methyl esters of camphenanic and camphenilanic acids as 
regards appearance, odour, and solubility, and its boiling point is 
practically the same, namely, 103—104°/22 mm. When hydro- 
lysed, however, it yields tsocamphenilanic acid. 

Several different preparations of isocamphenanic acid were con- 
verted into the methyl ester by the method described above. The 
product was a colourless, syrupy liquid, with the same odour as the 
other esters, and a boiling point of 104°/22 mm. A portion was 
heated with methyl-alcoholic potassium hydroxide, and, after 
removal of the alcohol, the liquid was acidified with dilute sulphuric 
acid. The crystalline solid which separated was collected, washed, 
and recrystallised from acetic acid diluted with a little water. On 
determining the melting point of the crystals, it was found that 
fusion began at about 70°, but was not complete until the tempera- 
ture reached 110°, and as this indicated that the substance was a 
mixture, it was subjected to careful fractional crystallisation. The 
substance was dissolved in glacial acetic acid, and the solution 
diluted with water until a faint turbidity appeared, and then 
placed in the ice-chest. The crop of crystals which separated was 
collected, and the mother liquor again treated with water and 
cooled. This was repeated until all the substance had separated 
from solution, five successive crops of crystals being obtained. The 
first crop consisted of short prisms, which melted at 118°, the last 
of fine needles with the melting point 65°; none of the crystals 
melted at 74°. It is evident, therefore, that when isocamphenanic 
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acid is esterified according to the method described, the product is 
not a single substance, but a mixture of the methyl esters of 
camphenilanic and tsocamphenilanic acids, because it yields a mix- 
ture of these acids when hydrolysed. It follows either that iso- 
camphenanic acid is not an individual compound, or else that it is 
converted into a mixture of camphenilanic and isocamphenilanic 
acids during the process of esterification. 


Preparation of Camphenilanol from the Methyl Ester of 
Camphenanic Acid. 


Methyl camphenanate was reduced by the following process in 
quantities of 10 grams at a time. Eight grams of sodium in small 
pieces were placed in a flask attached to a reflux condenser, and 
a solution of 10 grams of the ester in 40 grams of ethyl alcohol 
was slowly added at such a rate that the liquid in the flask was 
maintained in a state of vigorous ebullition. When the whole of 
the solution of the ester had been added, the flask was heated at 
a temperature of 110—115° for about seven hours by means of a 
metal-bath. At the end of that time the liquid was cooled, water 
added in sufficient quantity to dissolve the solid matter, and the 
contents of the flask were distilled in a current of steam. The first 
portion of the distillate consisted of ethyl and methyl alcohols, 
together with a small quantity of the ester which had escaped 
reduction, the next of an oily mixture of water, alcohol, and a 
little of the reduction product, and, finally, the bulk of the reduc- 
tion product passed over with the steam and condensed in the 
receiver as a white, waxy solid, which was collected and drained 
on a porous plate. An additional quantity was recovered by 
saturating the aqueous distillate with ammonium sulphate and 
extracting it with ether. The alcohol obtained in this way from 
methyl camphenanate is so readily soluble in the usual solvents 
that purification by crystallisation is troublesome, and consequently 
it was converted into the hydrogen phthalate, which crystallises 
well. The purified phthalate was hydrolysed with alkali, and the 
liberated alcohol distilled in a current of steam, collected, dried, 
and crystallised from benzene. In order to recall the relationship 
of this alcohol to camphenilanaldehyde, we propose for it the name 
camphenilanol. 

Camphenilanol, CyH,;*CH,°OH, crystallises in long, colourless 
prisms, which melt at 77°, and form a waxy mass when pressed 
together. It is sparingly soluble in water, and very readily so in 
alcohol, ether, benzene, and other organic solvents. It has a faint 
odour, somewhat reminiscent of camphor. It is fully saturated}. 
and is, of course, a primary alcohol. 23 
5T2 
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The hydrogen phthalate of camphenilanol was prepared as 
follows. Equal weights of the alcohol and of phthalic anhydride, 
together with a small quantity of benzene, were heated on the 
water-bath under reflux for several hours, and the mixture in the 
flask was then poured on to crushed ice, and the whole well stirred 
with a slight excess of aqueous sodium carbonate. The solution 
was filtered, shaken with ether, and then acidified, with the result 
that the crude ester separated as an oily liquid, which quickly 
solidified. The phthalate was collected, washed, dried, and shaken 
with chloroform; the solution was filtered in order to remove un- 
dissolved phthalic acid, the chloroform distilled off, and the residual 
ester purified by crystallisation, first from a mixture of ether and 
light petroleum, and then from benzene. 

The ester crystallises in small, colourless plates, which melt at 
153°. It is readily soluble in chloroform or ether, less so in alcohol 
or benzene, and almost insoluble in light petroleum. It is readily 
hydrolysed on heating with aqueous alkalis: 

0°1834 gave 0°4820 CO, and 0°1198 H,O. C=71'67; H=7°25. 

C,,H,,.0, requires C=71°57; H=7°28 per cent. 

The p-nitrobenzoate of camphenilanol was obtained by adding 
the calculated quantity of p-nitrobenzoyl chloride to a solution of 
the alcohol in about twenty times its weight of pure pyridine. 
After three days the pyridine was removed by cautious addition 
of cooled dilute sulphuric acid, and the solid which remained was 
washed with dilute sulphuric acid, shaken with aqueous sodium 
carbonate in order to free it from any pnitrobenzoic acid which 
might have been formed, washed, dried, and crystallised several 
times from methyl] alcohol. 

The p-nitrobenzoate crystallises in long, silky needles of a very 
faint yellow colour, which melt at 89—90°. It is readily soluble 
in ether, benzene, or hot alcohol, very sparingly so in cold alcohol, 
and is not easily hydrolysed even by boiling with aqueous sodium 
hydroxide : 

0°360 gave 15°6 c.c. N, (moist) at 12° and 764 mm. N=5'l. . 

C,,H,,0,N requires N=4°6 per cent. 

Oxidation of Camphenilanol.—In order to _ characterise 
camphenilanol more fully, a portion was oxidised in the usual way 
with chromic acid mixture. When oxidation was completed, the 
liquid was made alkaline with sodium carbonate and distilled in a 
current of steam. The semi-solid substance which passed over with 
the steam, and had the strong, characteristic odour of camphenil- 
analdehyde, was separated by means of ether, and converted into 
its’ semicarbazone. After recrystallisation from methyl alcohol, 
this compound was obtained in lustrous leaflets, which were found 
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to have the same melting point (191°) as camphenilanaldehyde- 
semicarbazone ; a mixture of the two semicarbazones melted sharply 
at the same temperature. The alkaline liquid in the distilling 
flask gave when acidified a deposit of a crystalline acid, which after 
purification was identified as itsocamphenilanic acid. 

It is therefore apparent that camphenilanol, prepared by the 
reduction of methyl camphenanate, is the alcohol corresponding 
with camphenilanaldehyde. 


Formation of isoCamphenilanic Acid from Methyl Camphenanate. 


On acidifying the alkaline liquid which remained in the flask 
after the camphenilanol produced by reducing methyl camphen- 
anate with sodium and alcohol had been removed by distillation 
with steam, an acid separated in the form of a brown oil, which 
after some time solidified to a crystalline mass. This acid was 
collected, washed, and purified by several crystallisations from 
acetic acid. The pure compound crystallised in colourless prisms, 
which melted at 118°, and a mixture of it with isocamphenilanic 
acid had the same melting point. Hence it was proved that during 
the reduction of the methyl ester of camphenanic acid with sodium 
and alcohol a portion of that acid is converted into the isomeric 
isocamphenilanic acid. As has already been stated, this trans- 
formation of the one acid into the other has been effected 
previously, but in a different way. 


Formation of Camphenilanol and of isoCamphenilanie Acid from 
the Methyl Esters of Camphenilanic, isoCamphenilanic, and 
isoCamphenanic Acids. 


The methyl esters of ¢amphenilanic and isocamphenilanic acids, 
and the mixture of esters obtained from isocamphenanic acid, were 
reduced with sodium and alcohol in the same way as methyl 
camphenanate, and the alcohols thus produced were purified by 
preparation and subsequent hydrolysis of their hydrogen 
phthalates. Each of the alcohols was found to melt at 77°, and to 
give a hydrogen phthalate melting at 153°, and a pnitrobenzoate 
melting at 89—90°. In other words, these experiments proved 
that the esters of the three, or, if isocamphenanic acid is held to be 
an individual substance, of the four, isomeric acids yield the same 
alcohol, camphenilanol, when reduced in the same way. Moreover, 
as in the case of methyl camphenanate, the reduction of the other 
esters to camphenilanol was attended by the formation of a certain 
proportion of an acid, which in each instance was proved to be 
ésocamphenilanic acid. In fact, this reaction provided us with a 
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considerable proportion of the isocamphenilanic acid used in our 
experiments. 


We take this opportunity of expressing our thanks to the 
Research Fund Committee of the Carnegie Trust for a grant which 
defrayed the expense of this work. 


CHEMISTRY DEPARTMENT, 
THE Royal TECHNICAL COLLEGE, GLASGOW. 


CLXIII.—Studies in the Camphane Series. Part 
XXXV. Isomeric Hydrazoximes of Camphor- 
quinone, and Some Derivatives of Aminocamphor. 


By Martin Onstow Forster and Ernst Kunz. 


ComPLeTion of the series of eight possible oximes of camphor- 
quinone (T., 1912, 101, 1340), and allocation of its proper con- 
figuration to each one (T., 1913, 103, 662), invited an attempt 
to prepare the eight possible hydrazoximes of the same diketone, 
and to ascertain their configuration. 

Theoretical considerations led to the expectation that the follow- 
ing should be obtainable: 


NH, , 
. CN 
Nl and «60 |e 
C,H,,< | _/OH ou orn OH’ 
No:n7 :' 
from a-isonitrosoepicamphor (m. p. 170°): 
NH 
y,: aN 
CsA | and CsA | ‘NH, 
OH OH 
from B-tsonitrosoepicamphor (m. p. 137°): 
° CN 
wn fp ae - OC | Nou 
nM Oey NH ON. 
Mix NH, 
from stable tsonitrosocamphor (m. p. 152°), and 
OH OH 
on” ue awe 
CoH ‘ " sree CoH ty ’ 
\NH, 


trom unstable isonitrosocamphor (m. p, 114°). 
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The circumstances unfavourable to this prospect were: first, the 
observation that only the B-monoxime of benzil yields a hydraz- 
oxime, whilst the a-monoxime is transformed into benzilhydrazone 
(T., 1912, 101, 2234); and, second, the fact that stable ¢sonitroso- 
camphor, when treated with hydrazine hydrate under ordinary 
conditions, yields the hydrazone of camphorquinone. In this con- 
nexion, it is significant that both oximes have the syn-configura- 
tion, suggesting that a-<sonitrosoepicamphor, which also has the 
syn-configuration, would likewise fail to yield a hydrazoxime. This 
anticipation has been fulfilled, but we were not prepared to find 
that the two anti-monoximes, namely, fA-isonitrosoepicamphor 
(m. p. 137°) and the unstable isonitrosocamphor (m. p. 114°), 
would each yield only one hydrazoxime. Thus, in spite of observ- 
ing a great variety of experimental conditions, only two of the 
eight theoretically possible hydrazoximes of camphorquinone have 
been isolated, namely, 
C.N-NH C:NOH 

CHL< bon ’ and C,H 

M. p. 130°. M. p. 142°. 


Moreover, it has not been possible to determine the configura- 
tion of these products, because, although both are derived from 
anti-oximes, the instability of these renders it uncertain whether, 
in the hydrazoximes, the oximino-group has maintained its original 
configuration. Furthermore, owing to the absence of stereo- 
isomerism in the case of each structural isomeride, the configura- 
tion of the hydrazino-group could not be diagnosed. It may be . 
stated, however, that the resistance to change of configuration 
likely to result from steric hindrance makes it probable that the 
oximino-group has in each case retained its original position, whilst 
the failure to convert either hydrazoxime into a more stable form 
suggests that the hydrazino-group has already assumed the position 
of maximum stability. Hence it is not unreasonable to infer that 
the two hydrazoximes have the amphiconfiguration, although this 
conclusion is purely speculative. 

Attempts to realise the eight possible oxime-semicarbazones of 
camphorquinone have been equally unsuccessful, the only products 
being the derivatives corresponding with the foregoing hydraz- 
oximes, namely, 


C:N-NH-CO-NH, C:NOH 
] 
CH) Non and CsHu<6-N-NH-CO-NH, 
M. p. 221°. M. p. 210°, 


Just as in the case of the hydrazones of camphorquinone, we 
find that the hydrazoximes are converted very easily into the 


Ce nee ee eee 


oo err eee re 


1720 FORSTER AND KUNZ: 


corresponding azines, namely, azocamphanonedioxime (m. p. 265°), 


4 pees |,’ 
OF bon HON:¢7 OHie 
and the structurally isomeric bisisonitrosocamphanazine (m. p. 
203°), 
“NOH HON:C 
vik nig Cte 
the latter being produced in association with the hydrazide of 
B-camphornitrilic acid, 
CiN NiC 
Os. 00-NH-NH-0C> CsHiw 
when hydrazine acetate acts on a mixture of the two modifications 
of isonitrosocamphor as prepared by the Claisen process. This 
observation agrees with the fact that the stable form of isonitroso- 
camphor displays a tendency to pass into the isomeric B-camphor- 
nitrilic acid. 

The readiness with which camphorquinonehydrazone is oxidised 
to diazocamphor by mercuric oxide or mercury acetamide led us 
to hope that the oximes of diazocamphor and diazoepicamphor, 

N O:NOH 
OF eros and CHu<dy, ’ 
might be obtainable from the two hydrazoximes respectively, but 
unfortunately in each case mercuric oxide gave an uncrystallisable 
product. This is more to be regretted, because an attempt to pre- 
pare diazoepicamphor itself also failed, a substance which we 
suspected to be the epihydrazone of camphorquinone, 


CO 
CHS b:n-NH, 


being obtained from a-<sonitrosoepicamphor and _ hydrazine 
hydrate in such trifling yield that nothing further could be done 
with it. Diazoepicamphor should, by loss of nitrogen, give rise 
to an interesting ketone isomeric with camphenone. 

Among the many fruitless experiments undertaken with the 
object of completing the series of camphorquinonehydrazoximes, 
were some depending on an unpublished observation made in 1904 
by Dr. H. E. Fierz, who found that when the benzenesulphony] 
derivative of aminocamphor is heated with aqueous alkali 
hydroxide, camphorquinone is produced. So far as we are aware, 
there is no analogy to this reaction, and we have therefore ex- 
amined it further, and find that the sulphonamide yields also 
benzenesulphinic acid and ammonia: 


*NH-SO,°C,H CO 
OF <n 2°85 + HO = 0,8 < dot NH, + C,H,°SO,H. 
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It was hoped that by converting the sulphonamide into its 
hydrazone, and heating this with alkali, removal of benzene- 
sulphinic acid might lead to the epihydrazone of camphorquinone, 
from which a new hydrazoxime should be produced by the action 
of hydroxylamine; but the hydrazone itself could not be obtained, 
although by proceeding inversely, and treating the hydrazone of 
aminocamphor with p-toluenesulphonyl chloride, the expected 
disulphonyl derivative was produced; this compound, however, 
resisted the action of alkali. 

Similarly, an attempt to prepare the epiphenylhydrazone of 
camphorquinone was unsuccessful; the phenylhydrazone of amino- 
camphor was converted into the ptoluenesulphony! derivative, 
which also resisted the action of alkali. 

Incidentally, a new method of producing iad” ied has 


been brought to light. This compound, C,H first 


isolated by Kishner (J. Russ. Phys. Chem. Soc., 1911, “3. 582), by 
treating camphor with hydrazine hydrate, was obtained independ- 
ently by Forster, Trotter and Weintroube (T., 1911, 99, 1982) 
from pernitrosocamphor and the base, and is so unstable that it 
passes rapidly into camphanazine, CyH,,.°C:N-N:C-C,H,,. In the 
hope of obtaining the dihydrazone of camphorquinone, 


we heated the monohydrazones of camphorquinone with hydrazine 
hydrate at 150°, when camphorhydrazone arose, the hydrazine 
having simultaneously reduced the hydrazone complex and under- 
gone condensation with the carbonyl “we? 


C:N-NH, 
20H <h5 +N,H, = 20 Butt ‘NenH, *2H:0+Ne 


This method of Preperation, however, is inferior to that of 
Kishner. 
EXPERIMENTAL. 


Camphorquinonehydrazoxime from B-isoNitrosoepicamphor, 
-N-NH, 
H ; 
Cs ux *NOH 


A solution containing 10 grams of f-isonitrosoepicamphor (m. p. 
137°) in 50 c.c. of alcohol was treated with 5 grams of hydrazine 
hydrate, and after fifteen hours diluted with water; the crystalline 
deposit, associated with the portion remaining in the filtrate and 
extracted therefrom by ether, weighed 10 grams. After crystal- 
lisation from benzene, the hydrazoxime formed transparent, colour- 
less needles, melting at 130°: 


Oe ee 
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01909 gave 0°4096 CO, and 0°1412 H,O. C=61°8; H=8'7. 
0°1249 ,, 23°4 c.c. Ng at 20° and 770 mm. N=22°2. 
C,»)H,,ON; requires C=61'5; H=87; N=21°5 per cent. 

The substance is insoluble in petroleum, and crystallises in long 
needles from boiling water, in which it is sparingly soluble, whilst 
alcohol, benzene, and ethyl acetate dissolve it readily. It is 
amphoteric, the alkaline solution being faintly yellow, and develop- 
ing a characteristic, deep reddish-brown coloration with ferrous 
sulphate; cold Fehling’s solution and hot ammoniacal silver oxide 
are reduced by it. A solution containing 0°2593 gram in chloro- 
form, diluted to 25 c.c., gave a, 4°37’ in a 3-dem. tube, whence 
[a], 149°0°, 0°2637 gram dissolved in 25 c.c. of 2 per cent. aqueous 
sodium hydroxide giving a, 3°17’ in the same tube, whence 
[a], 103°8°. & 

On treating a-isonitrosoepicamphor with hydrazine hydrate in 
the same way, there does not appear to be any action; only after 
fifteen hours’ heating under reflux was the substance converted into 
hydrazoxime to the extent of rather more than 50 per cent., and 
the product was found to be identical with the foregoing (m. p 


130°). 
— ¢: N-NH:CO-C,H, 

The benzoyl derivative, Cy,Hy<) (“NOH ; 
from f-isonitrosoepicamphor and benzoylhydrazine in aqueous 
alcohol, melts at 214° after recrystallisation from hot alcohol, in 
which it dissolves very readily: 

0°2620 gave 32°0 c.c. N, at 19° and 745°55 mm. N=14'1. 

C,,H,,0,N; requires N =14'1 per cent. 

A ‘iio containing 0°2107 gram in alcohol, diluted to 25 c.c., 

gave a, 3°18 in a 3-dem. tube, whence [a], 130°5°. 
' a » N° 

The benzylidene derivative, OH f. N a CoH *, produced 
very rapidly in dilute alcoholic solution of the factors, forms pale 
yellow, transparent prisms, melting at 118°: 

0°2428 gave 31°2 c.c. Ng at 17° and 747 mm. N=14°9. 

C,,H,,ON; requires N=152 per cent. 

It is very readily soluble in cold alcohol or benzene, sparingly so 
in light petroleum; a solution containing 0°2600 gram in chioro- 
form, diluted to 25 c.c., gave a, 2°57’ in a 2-dem. tube, whence 
[a], 94°5°. 

The wma phenylurethane, 

O:N-NH-CO-NH-C,H, 


OH u<f -NO-CO-NH-C,H, ‘ 
separates in rn ion lustrous lendlate ‘when the factors are 


prepared 
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mixed in benzene; after recrystallisation from alcohol it melts and 
decomposes at 217°: 

0°2141 gave 30°7 c.c. N, at 20° and 756 mm. N=16°7. 

C,,H,,O,N, requires N=16'2 per cent. 

A solution containing 0°2300 gram in chloroform, diluted to 
25 c.c., gave a, 2°32’ in a 2-dem. tube, whence [a], 137°7°. 

The diacetyl derivative, produced by dissolving the hydrazoxime 
in acetic anhydride, melts at 184° after recrystallisation from hot 
benzene to which an equal volume of petroleum (b. p. 60—80°) 
was added: 

0°2377 gave 31°1 c.c. Nz at 21° and 765 mm. N=15°4. 

C,,H,,0,N, requires N=15'1 per cent. 

It is readily soluble in benzene, moderately in alcohol, and 
sparingly in petroleum. A solution containing 0°2056 gram in 
chloroform, diluted to 25 cc., gave a, 4°22’ in a 3-dem. tube, 
whence [a], 177°0°; 0°2138 gram dissolved in 25 c.c. of 2 per cent. 
aqueous sodium hydroxide gave a, 2°15’ in a 3-dem. tube, whence 
[a], 87°7°. In the latter solution, ferrous sulphate develops an 
intense Prussian-blue coloration, which changes to bright red with 
excess of the agent. 

O-N-NH-CO-CH, 
C:NOH 
cipitated by hydrochloric acid from alkaline solutions of the 
diacetyl compound, and melts at 193° after recrystallisation from 
boiling water: 

0°1323 gave 19°8 c.c. N, at 19° and 765 mm. N=17°7. 

C,,H;,0,N, requires N=17°7 per cent. 

The position of the acetyl group is indicated by the feeble re- 
ducing power towards boiling ammoniacal silver oxide. Prolonged 
contact with cold mineral acid hydrolyses the remaining acetyl and 
oximino-groups, giving rise to azocamphanone. 

The carbamide (B-isonitrosoemcamphorsemicarbazone), 

-N-NH-CO:NH, 
CH < NOH : 
prepared from f-isonitrosoepicamphor and semicarbazide acetate, 
crystallises from the diluted acetic acid solution in small prisms, 
melting and decomposing at 221°: 
0°2268 gave 45°3 c.c. N, at 20° and 763 mm. N=23°5. 
C,,H,,0,N, requires N =23°5 per cent. 

The substance is very sparingly soluble in methyl or ethyl 
alcohol, and almost insoluble in benzene, petroleum, or ethyl 
acetate. A solution containing 0°2642 gram in 25 c.c. of 2 per 
cent. aqueous sodium hydroxide gave a, 4°18’ in a 3-dem. tube, 


The monoacetyl derivative, CgHyy< , is pre 
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whence [a], 135°6°; in this liquid, a beautiful, reddish-violet colora- 
tion was developed by ferrous sulphate. 


sak O:N ns 
Azocamphanonedioxime, C,H, ,< NOH HON “L>OsH, ~ 


If the hydrazoxime is prepared in feebly acid solution, such as 
that produced by mixing alcoholic B-isonitrosoepicamphor with 
aqueous hydrazine acetate, it is accompanied by the corresponding 
azine, which is formed very readily when acids dissolve the hydraz- 
oxime; it is very sparingly soluble in hot alcohol, 0°2 gram 
requiring 40 c.c., and it crystallises therefrom in lustrous, yellow 
needles or leaflets: 

0°1194 gave 15°9 c.c. Ny at 19° and 765 mm. N=15°7. 

CypHgg0,.N, requires N=15°6 per cent. 

Azocamphanonedioxime melts and decomposes at 265°. 


Camphorquinonehydrazoxime from Unstable isoNitrosocamphor, 


C:NOH 
CHU N-NH, 


One hundred grams of isonitrosocamphor (Claisen mixture), dis- 
solved in 1000 c.c. of water containing 30 grams of sodium 
hydroxide, were treated with 100 grams of hydrazine hydrate, and 
set aside during three months, after which period the deep red 
colour had slowly faded to pale yellow. Having been filtered 
through glass wool, the liquid was saturated with carbon dioxide, 
which precipitated 90 grams of yellowish-green slime containing 
the hydrazoxime, mixed with stable isonitrosocamphor. The 
separation was a tedious one, involving extraction seven times with 
hot petroleum (b. p. 60—80°), twice with 500 c.c., and five times 
with 750 cc. The aggregated deposit, which weighed 25 grams, 
was further extracted in a Soxhlet apparatus, the thimble of which 
contained nearly 20 grams of hydrazoxime, finally purified by re- 
crystallisation from the minimum quantity of hot benzene (40 c.c.) ; 
it crystallised in transparent, lustrous leaflets containing the 
solvent, and becoming opaque in an exhausted desiccator. In this 
condition, the hydrazoxime melts at 142°: 

0°1371 gave 22°1 cc. N, at 20° and 756 mm. N=22'1. 

C,,5H,,ON; requires N=21°5 per cent. 

The substance is amphoteric, forming a sodium derivative which 
is only sparingly soluble in cold water and develops a reddish- 
brown coloration with ferrous sulphate; it reduces ammonia- 
eal silver oxide and Fehling’s solutions. A solution containing 
0°2597 gram in chloroform, diluted to 25 c.c., gave a, —1°38/ in 
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a 3-dem. tube, whence [a], —52°4°, whilst the solution in 2 per 
cent. sodium hydroxide is inactive. — 

The benzoyl derivative melts at 226° after crystallisation from 
methyl] alcohol : 

0°1076 gave 12°4 c.c. Ng at 21° and 757 mm. N=14'5. 

C,,H,,0,N, requires N=14'l per cent. 

The benzylidene derivative crystallises from hot petroleum in 
lustrous, pale yellow prisms, melting at 146°5°: 

0°1028 gave 13°6 c.c. No at 20° and 747 mm. N=15'3. 

C,,H,,ON, requires N=15-2 per cent. 

A solution containing 0°2541 gram in chloroform, diluted to 
25 ¢.c., gave a, —2°15/ in a 3-dem. tube, whence [a], —73°8°. 

The phenylcarbaminophenylurethane does not separate from a 
solution of the factors in benzene, but when the latter is evaporated 
the residual oil solidifies on treatment with petroleum; after re- 
crystallisation from a mixture of benzene and petroleum it melts 
at 134—135°: 

0°1118 gave 16°0 c.c. N, at 20° and 758 mm. N=16°7. 

C.,H,,0,N, requires N=16°2 per cent. 

The monoacetyl derivative is formed-in association with the 
diacetyl compound when the hydrazoxime is dissolved in acetic 
anhydride, remaining oily during several days after the liquid is 
poured into water. Gradually, however, the diacetyl derivative 
undergoes partial hydrolysis, and the monoacetyl derivative 
remains, melting and decomposing at 177° after recrystallisation 
from benzene: 

0°1265 gave 18°8 c.c. N, at 20° and 760 mm. N=17°4. 

C,.H,,0,N, requires N=17°7 per cent. 

The i lidene derivative, C,H — 

e isopropylidene derivative, C, uQO:N-N:C(CH,),’ 
on dissolving the hydrazoxime in acetone, melts at 142° after re- 
crystallisation from diluted acetone: 

0°1734 gave 26°9 c.c. N, at 20° and 758 mm. N=18°0. 

C,3H,,ON; requires N=17°8 per cent. 

It is insoluble in aqueous sodium hydroxide, but dissolves readily 

in alcohol, acetone, benzene, or dilute acids, and reduces 
‘ammoniacal silver oxide; a solution containing 0°2546 gram in 
chloroform, diluted to 25 c.c., gave a, —0°49/ in a 2-dem. tube, 
whence [a], —40°1°. 
The carbamide (isonitrosocamphorsemicarbazone), 
-NOH 
at 

was prepared by heating 35 grams of isonitrosocamphor (Claisen 


produced 
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mixture) in 100 c.c. of alcohol with 16 grams of semicarbazide 
hydrochloride and 21 grams of’ crystallised sodium acetate in 40 c.c. 
of water under reflux during an hour. Dilution with water pre- 
cipitated a yellow, sticky material, consisting of stable tsonitroso- 
camphor mixed with the semicarbazone, the latter separating in 
the form of the sodium derivative on dissolving the mixture in 
10 per cent. sodium hydroxide; dilute sulphuric acid then pre- 
cipitated the semicarbazone from the aqueous solution of the 
sodium derivative, and after recrystallisation from alcohol the 
substance forms lustrous, transparent prisms, melting at 210°: 
0°1362 gave 0°2780 CO, and 0°0968 H,O. C=55°7; H=7°9. 
01838 ,, 26°8 cc. Ng at 18° and 762 mm. N=23'6. 
C,,H,,0,.N, requires C=55°5; H=7'6; N=23°5 per cent. 

A solution containing 0°2644 gram in chloroform, diluted to 
25 c.c., gave a, 1°7’ in a 2-dem. tube, whence [a], 52°8°. The 
alkaline solution gave with ferrous sulphate a chocolate-brown 
coloration, resembling that given by three of the dioximes of 
camphorquinone. 


i , C:NOH HON: 
Bis-isonitrosocam phanazine, CHS Bese C,H, 


Fifty grams of hydrazine sulphate and 100 grams of crystallised 
sodium acetate having been dissolved in 250 c.c. of hot water, 
50 grams of isonitrosocamphor (Claisen mixture) in 250 c.c. of 
alcohol were added to the cold solution; a further quantity of 
water (250 c.c.) was added until the liquid became clear, and, 
having been filtered from the sodium sulphate which separated 
during six days, the solution deposited during thirty days about 
27 grams of pale yellow needles. After being twice recrystallised 
from alcohol, the substance melted and decomposed at 203°: 

0°2050 gave 0°5040 CO, and 0°1495 H,O. C=67'1; H=8'2. 

0'2878 ,, 39°1cc. Nz at 20° and 7644 mm. N=16°0. 

Cy5H3,0.N, requires C=67°0; H=8'4; N=15'6 per cent. 

The azine is insoluble in petroleum, but dissolves readily in hot 
alcohol, and does not reduce ammoniacal silver oxide; a solution 
containing 0°2584 gram in chloroform, diluted to 25 c.c., gave 
a, —7°53/ in a 3-dem. tube, whence [a], —254°2°. When heated 
with concentrated hydrochloric acid on the water-bath during one 
hour, the azine is converted into camphoric acid, and if there is 
formaldehyde present during the experiment, camphorquinone is 
produced, together with a colourless substance which melts at 260°, 
and appears to have the composition C,,H,,ON;, which is that of 
a condensation product from the hydrazoxime and formaldehyde. 


STUDIES IN THE CAMPHANE SERIES. PART XXXV._ 1727 


On allowing the alcoholic filtrate from bis7sonitrosocamphan- 
azine to remain during thirty days longer, there separated 7°5 
grams of a solid, which, after being twice recrystallised from 
alcohol, was snow-white, and melted at 220°: 

0°2352 gave 0°6000 CO, and 0°1790 H,O. C=668; H=82. 

0°1694 ,, 231 cc. Ny at 20° and 756mm. N=15°9. 

C.5HgO.N, requires C=67°0; H=83; N=15'6 per cent. 

A solution containing 0°2504 gram in chloroform, diluted to 
25 c.c., gave a, —0°44’ in a 2-dem. tube, whence [a], —36°6°. We 
believe this material to be the hydrazide of f-camphornitrilic 
(cyanolauronic) acid. 


CH-NH, 
Aminocamphorhydrazone, CH hen NH, 

Aminocamphor (20 grams) dissolved in alcohol (25 c.c.) was 
heated during fifteen hours on the water-bath with hydrazine 
hydrate (10 grams), when evaporation of the alcohol left a white 
jelly, which changed into needles (15 grams) if rubbed with 
petroleum. After being twice recrystallised from this solvent, it 
formed long, woolly needles, melting at 105°: 

0°2630 gave 0°6430 CO, and 0°2888 H,O. C=66'3; H=10'6. 

0°1265 ,, 25°6 cc. No at 23° and 763 mm. N=23°5. 

Cy »H,Ng requires C=66°3; H=10°5; N=23°2 per cent. 

A solution containing 0°2415 gram in chloroform, diluted to 
25 ¢.c., gave a) 4°50’ in a 2-dem. tube, whence [a], 250°2°. The 
hydrazone reduces ammoniacal silver oxide when heated, and dis- 
solves readily in acids; it is also easily soluble in alcohol, benzene, 
ethyl acetate, chloroform, or water, but is insoluble in cold 
petroleum. 

The diacetyl derivative must be prepared in benzene solution, 
otherwise the action is so violent as to produce a reddish, resinous 
material; the benzene is then evaporated, and the residue, after 
being rubbed with water, is recrystallised from benzene mixed with 
petroleum, forming aggregates of needles, melting at 181°: 

0°1202 gave 16°6 c.c. N, at 20° and 764 mm. N=16°3. 

C,,H,,0,N, requires N=16°0 per cent. 

The di-p-nitrobenzylidene derivative crystallises from dilute 
alcohol in pale yellow needles, melting at 134°: 

0°1832 gave 24°4 c.c. N, at 20° and 768 mm. N=15'8. 

C.,H,,0,N, requires N=15°6 per cent. 

The di-p-toluenesulphonyl derivative was prepared by shaking 
a suspension of aminocamphorhydrazone and p-toluenesulphonyl 
chloride in 20 per cent. sodium hydroxide solution, and after being 
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twice recrystallised from alcohol formed a white powder, melting 
at 190°: 
0°1546 gave 14°3 c.c. No at 22° and 757 mm. N=1077. 
C,,H;,0,N,8S requires N=10°8 per cent. 
The substance resists the action of potassium hydroxide, and 
therefore it was not possible to obtain from it the epihydrazone of 
camphorquinone. 


; H:-NH., 
A minocamphor phenylhydrazone, ow tlie 8-0 H.’ 
vend 6-45 


Aminocamphor (from 25 grams of isonitrosocamphor) was heated 
with phenylhydrazine hydrochloride (18 grams) and crystallised 
sodium acetate (60 grams) in water (250 c.c.) during two hours 
on the water-bath, a yellowish resin (20 grams) separating as the 
liquid became cold; pale yellow needles, melting at 107°, were 
obtained from this by crystallising six times from dilute alcohol: 

0°1576 gave 0°4316 CO, and 0°1240 H,O. C=74'7; H=8'8. 

0°1290 ,, 190 c.c. Ng at 23° and 764mm. N=16'6. 
C,,H.3N; requires C=74°7; H=89; N=16°3 per cent. 

The substance is readily soluble in alcohol, benzene, or chloro- 
form, and is insoluble in petroleum; it reduces ammoniacal silver 
oxide. A solution containing 0°2377 gram in chloroform, diluted 
to 25 c.c., gave ap 3°22! in a 2-dem. tube, whence [a], 176°2°. 

The liquid which had been poured from the resin deposited 
10 grams of granular crystals during fourteen days, and after re- 
crystallisation from benzene this product formed colourless needles, 
melting at 141°: 

0°1810 gave 0°4368 CO, and 0°1555 H,O. C=65°8; H=9°5. 

0°0837 ,, 10°2 cc. Ng at 25° and 772 mm. N=14'1. 

C,gHosN3,2H,O requires C=65°5; H=9'5; N=14'l1 per cent. 

It has not been determined whether this material is isomeric 
with the foregoing phenylhydrazone or merely a hydrated form, 
because when they are treated with acetic anhydride the product 
is the same in each case. The following derivatives were prepared 
from the substance melting at 107°. 

The hydrochloride, precipitated by saturating an ethereal solu- 
tion with hydrogen chloride, forms white leaflets when recrystal- 
lised from alcohol, and melts at 218° to a dark red liquid: 

0°1437 gave 181 cc. N, at 24° and 765mm. N=14'°6. 

0°1850 ,, 0°0918 AgCl. Cl=12°2. 

C,gHogN3,HCl requires N=14°3; Cl=12°0 per cent. 

The phenylhydrazone regenerated from this salt was colourless, 

and melted at 107°. 
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The acetyl derivative is colourless, and melts at 194°: 
0°1103 gave 13°6 c.c. N, at 23° and 763 mm. N=14°3. 
C,,H,,ON, requires N=14°0 per cent. 

The benzoyl derivative, prepared in pyridine, crystallises with 
difficulty, many recrystallisations from alcohol being necessary 
before the substance melts at 125°: 

0°1174 gave 11°8 c.c. N, at 21° and 756 mm. N=11°7. 

C.,H,,ON, requires N=11°6 per cent. 

The p-toluenesulphonyl derivative was prepared from (1) the 
phenylhydrazone and ptoluenesulphonyl chloride in alkali, and 
(2) teluenesulphonylaminocamphor and phenylhydrazine acetate in 
alcohol. It crystallises from dilute alcohol in a lustrous 
needles, melting at 184—185°: 

0°1302 gave 11°2 cc. Ng at 20° and 763 mm. N=10'l. 

C,H g0.N38 requires N=10°0 per cent. 

Attempts to hydrolyse this compound with potassium hydroxide 
failed, so that the epiphenylhydrazone of camphorquinone could 
not be realised by this means. 


CH-NR, 
C:N-NH-CO-NH,, 


Aminocamphor from 25 grams of isonitrosocamphor, dissolved in 
25 c.c. of alcohol, was mixed with 14 grams of semicarbazide hydro- 
chloride and 18 grams of crystallised sodium acetate in 60 c.c. of 
water, and set aside during fourteen days; on evaporating the 
alcohol and neutralising the acid solution with sodium carbonate, 
a pale yellow resin was precipitated. Extraction with 25 c.c. of 
benzene and precipitation with petroleum, when repeated many 
times, ultimately yielded a crystalline product melting at 141°: 

0°1256 gave 0°2712 CO, and 0°1025 H,O. C=58°9; H=9'1. 

01039 ,, 22°2 ac. Ng at 21° and 765 mm. N=25'1. 

C,,H,,ON, requires C=58'9; H=89; N=25°0 per cent. 

CH-NH, 
uSON-NE- ‘CO-NH-C,H,’ 
prepared by heating the semicarbazone (2 grams) with boiling 
aniline (10 grams) during ten minutes, crystallises from alcohol in 
aggregates of lustrous needles, readily soluble in methyl alcohol, 
sparingly in ethyl acetate, chloroform, acetone, or benzene; it is 
insoluble in petroleum : 

0°1325 gave 0°3300 CO, and 0°0959 H,O. C=67:9; H=8'l. 

01180 ,, 19°0 cc. Nz at 22° and 761 mm. N=18'8. 

C,;H,,ON requires C=68'0; H=80; N=18°7 per cent. 


; ‘ ‘ 
Aminocamphorsemicarbazone, C,H 4< 


A minocamphor phenylsemicarbazone, C,H 
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. . . H 
Benzenesulphonylaminocamphor, C,H, Aa; NH-‘SO,°C, 5. 


Aminocamphor from 20 grams of isonitrosocamphor was agitated 
with 25 grams of benzenesulphony! chloride suspended in 100 c.c. 
of 20 per cent. sodium hydroxide, when a clear, brownish-yellow 
solution was produced ; saturation with carbon dioxide precipitated 
18 grams of crystalline material, which, when recrystallised twice 
from dilute alcohol, melted at 121°: 

0°1815 gave 7°5 c.c. N, at.20° and 760 mm. N=4'8. 

C,,H,,0;NS requires N=4'6 per cent. 

The derivative is readily soluble in all organic media excepting 
petroleum; a solution containing 0°2482 gram in chloroform, 
diluted to 25 cc., gave a, 1°42’ in a 2-dem. tube, whence 
[a], 85°6°. 

Hydrolysis—A solution of benzenesulphonylaminocamphor 
(5 grams) in aqueous sodium hydroxide (2 grams in 250 cc. of 
water) was heated under reflux during many hours; camphor- 
quinone soon collected in the condenser, and ammonia was 
liberated. The yellow, alkaline liquid became colourless when 
freed from camphorquinone by extraction with ether, and on con- 
centration, followed by acidification, yielded to ether a specimen 
of benzenesulphinic acid, melting at 83°. 

p-Toluenesulphonylaminocamphor, 


H-NH-SO,°C,H,CH 
OH<h, siete . 


prepared in similar fashion, crystallises from hot petroleum in 
slender needles, melting at 108°: 

0°2178 gave 8°7 c.c. N, at 21° and 750 mm. N=4°3. 

C,,H,0;NS requires N=4'4 per cent. 

The sulphonamide is readily soluble in alcohol, benzene, ethyl 
acetate, or hot petroleum; a solution containing 0°2673 gram in 
chloroform, diluted to 25 c.c., gave a, 1°52’ in a 2-dem. tube, 
whence [a], 87°3°. The sodium derivative is less readily soluble 
than that of the foregoing substance, yielding ammonia and 
camphorquinone when the aqueous solution is boiled; toluene- 
sulphinie acid was not isolated, because it underwent oxidation to 
ptoluenesulphonic acid, the specimen of which melted at 93—94°. 

B-Camphorsulphonylaminocamphor, 

CH-NH-°-SO,°C,,H,,0 
CH < hy 2 VION IY 
prepared from aminocamphor and §-camphorsulphony! chloride, 
separated from alcohol as a white, crystalline powder, melting at 
169°: 


a a a 
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0°2269 gave 7°6 c.c. N, at 20° and 764 mm. N=3°9. 
C,9H3,0,NS requires N =3°7 per cent. 
It dissolves very readily in organic media, excepting petroleum ; 
a solution containing 0°2592 gram in chloroform, diluted to 25 c.c., 
gave a, —0°44’ in a 2-dem. tube, whence [a], —35°2°. Hydrolysis 
with sodium hydroxide gave ammonia and camphorquinone. 
The diozime crystallises from benzene diluted with petroleum in 
colourless needles, melting at 179°5°: 
0°1236 gave 14°5 c.c. N, at 19° and 762 mm. N=13°8. 
C,)»H;,0,N;,S requires N=13°5 per cent. 
It reduces ammoniacal silver oxide on continued heating, and 
the solution in sodium hydroxide does not develop colour with 
ferrous sulphate. 


Benzenesul phonylmethylaminocamphor, 
° H.): o* 4 
CH, “ N(CH,)°SO,°C,H;, 


Methylaminocamphor (10 grams) suspended in 25 c.c. of 20 per 
cent. sodium hydroxide was agitated with 12°5 grams of benzene- 
sulphonyl chloride, producing a yellow jelly, which, on extraction 
with ether and evaporation of the solvent, yielded 17 grams of 
yellow, crystalline powder ; recrystallisation from boiling petroleum 
converted this into colourless prisms, melting at 110—111°: 

0°2675 gave 10°7 c.c, Ng at 20° and 751 mm. N=4'6. 

C,,H,,0,NS requires N=4°4 per cent. 

The sulphonamide was also prepared from methylaminocamphor 
and benzenesulphony! chloride in pyridine; it is insoluble in cold 
petroleum, but dissolves in the hot solvent, and is freely soluble 
in alcohol, acetone, or benzene. Hydrolysis with sodium hydroxide 
yields camphorquinone, methylamine, and benzenesulphinic acid. 
A solution containing 0°2565 gram in chloroform, diluted to 25 c.c., 
gave a, 1°45/ in a 2-dem. tube, whence [a], 85°3°. 

p-T'oluenesulphonylmethylaminocamphor, 

CH i“ N(CH,)’SO,°C,H, baa 
14 


prepared in similar cae. crystallises from alcohol in colourless, 
transparent prisms, melting at 88°: 

0°3686 gave 13°7 c.c. Ng at 21° and 764 mm. N=4'3. 

C,,H,,O,NS requires N=4'l per cent. 

Hydrolysis resolves it into camphorquinone, methylamine, and 
toluenesulphonic acid. A solution containing 0°2552 gram in 
chloroform, diluted to 25 c.c., gave a, 1°40’ in a 2-dem. tube, 
whence [elp 81°6°. 
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Benzenesul phonylamino-eycam phor, 


CO 
‘ ] : 
CsA Gn -NH-SO,-C,H, 


The sulphonamide was prepared in the usual manner from 
amino-epicamphor, and separated from dilute alcohol as a colour- 
less, crystalline powder, melting at 231°: 

0°1597 gave 6°2 c.c. N, at 21° and 756mm. N=4'5. 

C,,H,,O,;NS requires N=4'6 per cent. 

It is readily soluble in organic media, excepting petroleum. On 
hydrolysis it yields camphorquinone, ammonia, and _benzene- 
sulphinic acid. 

p-T'oluenesulphonylamino-epicamphor, 


, CO 

CB OH-NH ‘SO,°C,H,:CH,’ 
crystallises from dilute alcohol in lustrous, transparent prisms, 
melting at 177°: 

0°2878 gave 10°4 c.c. N. at 21° and 758 mm. N=4’3. 

C,,H,,0;NS requires N=4°4 per cent. 

In its solubility it resembles the foregoing substance, and yields 
ammonia, camphorquinone, and toluenesulphonic acid on hydro- 
lysis; a solution containing 0°2500 gram in chloroform, diluted to 
25 c.c., gave a, —0°20/ in a 2-dem. tube, whence [a], —16°6°. 


Derivatives of Camphorhydrazone, oh ae on Oe ? 
° 2 


Camphorhydrazone is a very unstable substance, readily changing 
into camphanazine, which is accompanied by camphor when the 
substance is distilled in steam; moreover, when the alcoholic solu- 
tion is heated with hydroxylamine acetate, camphoroxime is pro- 
duced. It is best identified in the form of derivatives, of which 
the benzoyl compound has been already described (Forster, Trotter 
and Weintroube, loc. cit.). 

The acetyl derivative crystallises from alcohol in slender needles, 
melting at 205°: 

0°1228 gave 0°3120 CO, and 0°1085 H,O. C=69°3; H=9°9. 

0°1321 ,, 15°3 cc. Nz at 22° and 764mm. N=13°5. 

C).H»ON, requires C=69°2; H=9°6; N=13'5 per cent. 

The p-netrobenzoyl derivative crystallises from alcohol in stellate 
aggregates of yellow prisms, melting at 185°: 

0°1000 gave 11°5 c.c. N, at 22° and 761 mm. N=13'5. 

C,,H.,03N, requires N =13°3 per cent. 
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tion from petroleum melts at 118°: 
0°1976 gave 0°4958 CO, and 0°1310 H,O. C=684; H=7'4. 
0°1990 ,, 244 cc. Ng at 21° and 762 mm. N=14°3. 
C,,H,,0,N, requires C=68'2; H=7:0; N=14'l per cent. 
It is scarcely soluble in cold petroleum, but dissolves readily in 
the hot medium and in alcohol, benzene or acetone. 


The foregoing work was practically completed at the Royal 
College of Science, and we desire to thank the Managers of the 
Royal Institution for subsequently placing a laboratory at the 
disposal of one of us. 


THE DAvy-FarADAY LABORATORY 
OF THE RoyAL INSTITUTION, W. 
Roya CoLLgce oF ScieNcr, LONDON, 
Soutn KeEnsineton, 8S. W. 


CLXI1V.—Studies in the Succinic Acid Series. 
Part I. The Chlorides of Suceinice and Methyl- 


succinic Acids, and their Constitution. 
By Grorce Francis Morre.t. 


Tue chlorides of succinic and methylsuccinic acids were prepared 
primarily with the view of utilising them for the production of 
the symmetrical anilides and amides, but since they have been 
hitherto, especially in the case of methylsuccinyl chloride, but 
imperfectly described, an account of their properties is now given, 
and from a study of their mode of reaction with ammonia and 
substituted ammonias it is concluded that there is no satisfactory 
evidence for any other assumption regarding their constitution 
than that they are definite chemical individuals possessing the 
normal constitution of acid chlorides. 

The behaviour of the acid chlorides with ammonia and substi- 
tuted ammonias is peculiar, and deserves more emphasis than has 
hitherto been accorded to it. Both succinyl chloride and methyl- 
succinyl chloride gave with aniline only the symmetrical anilides, 
succinanilide (m. p. 230°), and methylsuccinanilide (m. p. 200°). 
No isomeric substances whatever could be isolated, and so the 
chlorides had reacted entirely according to the symmetrical con- 
stitution 

CH,°COCI ait CH,-CH-COC! 
H,°COCl1 CH,*COCr 


The p-nitrobenzylidene derivative is yellow, and after crystallisa- 
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On the other hand, succinyl chloride with ammonia gave, accord- 
ing to conditions, at most about 5 per cent. of succinamide (m. p. 
260°), whilst the mother liquors contained the hygroscopic asym- 
metrical succinamide isolated and described by Auger (Ann. Chim. 
Phys., 1891, [vi], 22, 326). Methylsuccinyl chloride behaved 
similarly, giving a large preponderance of the unsymmetrical 
product. 

The reaction between succinyl chloride and methylamine was 
also studied. It was found that about 25 per cent. of the 
theoretical yield of the succindimethylamide, melting at 175°, 
could be isolated. This substance has been previously obtained 
from ethyl succinate and methylamine by Franchimont (Rec. trav. 
chim., 1885, 4, 201), and will therefore undoubtedly possess the 
symmetrical structure. In this case, there was therefore a con- 
siderable increase in the ratio of the symmetrical to the unsym- 
metrical product formed over that obtained with ammonia, but 
nevertheless it was far below that obtained in the reaction with 
aniline. One is therefore confronted with the fact that succinyl 
chloride reacting with: 


a. Ammonia gives one of the sym. product (succinamide) 
b. Methylamine - 2 - ~ (succindimethylamide) 
c. Aniline Pa 100% = “ ~* (succinanilide). 


Auger’s conclusion (loc. cit.) from the results of his experiments 
on the action of ammonia, and of aluminium chloride and benzene, 
on succinyl chloride, that this substance is a mixture of the 
symmetrical and unsymmetrical forms 

CH,*COCl CH, ‘CCl 

da,cor 4 = dg—co?? 
in the proportion of one to nine, takes no account of its very 
different behaviour towards aniline and methylamine, and is there- 
fore to be rejected, if only on the ground of his own argument, 
namely, that “in the substitution of the chlorine by other groups 
the proportions of symmetrically and unsymmetrically constituted 
products would always be the same if the chloride were a mixture.” 
Moreover, statements that a partial separation can be effected by 
fractional distillation have not been confirmed in this investiga- 
tion. The yield of the s-anilide never diminished, whether pre- 
pared from the first or last portions of the distillate, and that of 
the s-amide never increased beyond 5 per cent. or so. The only 
alternative to the idea that these acid chlorides are definite 
chemical individuals is the acceptance of a theory of tautomerism, 
as suggested by Meyer and Marx (Ber., 1908, 41, 2459). Such a 
theory seems not only unlikely, but also unnecessary. It is un- 
likely, because it involves the wandering of a chlorine atom, the 
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breaking of an oxygen-carbon double bond, and the formation of 
a ring, and it is unnecessary, because the formation of unsym- 
metrical products can be quite easily epxlained on the basis of a 
symmetrical formula for the chloride. There can be, moreover, 
hardly any doubt, from its physical properties, that succinyl 
chloride is a definite chemical individual. It has a sharp melting 
point, a definite boiling point, and yields to no process of separa- 
tion that has been tried. It, moreover, does not possess the mobile 
hydrogen atom characteristic of tautomerides. The production of 
the normal anilide and the normal esters (Meyer and Marx, loc. 
cit.) are powerful arguments in favour of the symmetrical formula, 
whilst the formation of butyrolactone, as-succinamide, and succino- 
phenone are feeble arguments in favour of the unsymmetrical 
structure, for their production can be explained with equal facility, 
and according to known analogies, on the basis of the symmetrical 
formula. The above-cited cases of the action of aniline and 
ammonia would be represented thus: 


CH,-COCl NH,0,H OH,-CO-NH-C,H 
(a2 2°Uelts (tte 65 4 OHOL. 
OH,-coc! + NH,-C,H, ~° CH,-CO-NH-0,H, *?#° 
QH,COO! | yy _, GH,000! 
CH,-coci * OH,-C(:NH)-OH 


(I.) 
HS-~~-00 ~~ @C- 
fe —* OH,-C(NH, ne ° 
(II.) (III. ) 

Actual evidence of the formation of a compound of the type of 
the imide (II) was obtained in the case of the action of ammonia 
on methylsuccinyl chloride and of methylamine on succiny] chloride. 
An explanation of the different behaviour of ammonia, aniline, 
and methylamine might possibly be found in the fact that aniline 
is an extremely feeble base, and is unable to remove the elements 
of hydrochloric acid from the intermediate product I, and so close 
the ring, as can ammonia or methylamine, which form more stable 
hydrochlorides. 

The formation from succinyl chloride of y-diethylbutyrolactone 
by the action of zinc ethyl, and of butyrolactone by reduction, is 
to be expected, even from the symmetrically constituted chloride 
(compare Vorlander, Ber., 1897, 30, 2268), and no reliance can be 
placed on the formation of succinophenone by the action of 
aluminium chloride and benzene as a criterion for the determina- 
tion of constitution. 

Hence it appears that there is no defensible reason for sup- 
posing these acid chlorides to be dichloro-lactones, and several 
very good reasons for assigning to them the normal constitution 
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of di-acid chlorides. It is, further, quite unnecessary to suppose 
that they ever react “as if possessing” the unsymmetrical struc- 
ture; they react probably always as di-acid chlorides, although 
that, however, does not preclude them from giving unsymmetrical 
products, as indicated in the scheme outlined above. 


Ex PERIMENTAL. 


Succinyl chloride, prepared in the usual way from succinic acid 
and phosphorus pentachloride, was isolated from the reaction mix- 
ture and purified by repeated fractional distillation in a vacuum, 
using a fractionating column. It formed a colourless, mobile 
liquid, boiling at 87—88°/18 mm., and solidifying, on cooling in 
ice, to tabular crystals, which melted quite sharply at 20°. It is 
soluble in all proportions in benzene, but insoluble in light 
petroleum. 

Methylsuccinyl chloride is described by Hjelt (Ber., 1883, 16, 
2624) as a colourless oil boiling at 190—195°, and by Perkin 
(T., 1888, 58, 564) as an oil boiling at 210—220°/760 mm. It 
was prepared from phosphorus pentachloride (2 mols.) and methy]l- 
succinic acid (1 mol.). The product, isolated by fractional dis- 
tillation in a vacuum, formed a colourless liquid, boiling at 
83—84°/11 mm. It did not solidify even when cooled in carbon 
dioxide snow, and ether, but became viscid (compare the similar 
behaviour of the esters of this acid). It is soluble in both benzene 
and light petroleum, thereby differing from succinyl chloride. 
(Found, Cl=41°8. Calc., Cl=42°0 per cent.) 


Action of Aniline on Succinyl Chloride: Formation of 
Succinanilide. 


A solution of aniline (4 mols.) in benzene was treated in the 
cold with a benzene solution of succinyl chloride. The residue 
obtained, after extracting the precipitate with warm water to 
remove aniline hydrochloride, consisted of almost pure succin- 
anilide, which, after one crystallisation from alcohol, formed stout, 
colourless needles, melting at 230°. The yield was 90 per cent. 
of the theoretical. The benzene mother liquors on evaporation 
left no appreciable residue. 


Action of Aniline on Methylsuccinyl Chloride: Formation of 
Methylsuccinanilide. 


Aniline was treated with methylsuccinyl chloride in benzene 
solution precisely as described above, and the precipitate, after 
extraction with water, left a residue of anilide amounting to 
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nearly 80 per cent. of the theoretical yield. On recrystallising 
from alcohol, it formed fine needles, melting at 200°. Methy/l- 
suceinanilide is only produced in infinitesimal amounts by the 
direct action of aniline on methylsuccinic acid, but the anilide 
prepared as above from the acid chloride was found to be identical 
with the traces which were obtained by the direct method: 

0°1320 gave 11°2 c.c. Ng at 15° and 750 mm. N=9°90. 

C,,H,,0,N, requires N=9°93 per cent. 

As with succinyl chloride, no other product could be isolated 

from the reaction mixture. 


Action of Ammonia on Succinyl Chloride. 


Succinyl chloride, when treated in benzene solution with dry 
ammonia until the acid reaction had disappeared, gave a precipi- 
tate which was entirely soluble in little more than its own weight 
of water, and from it no appreciable trace of the symmetrically 
constituted amide could be isolated. The precipitate contained, 
in addition to ammonium chloride, an extremely hygroscopic sub- 
stance, probably identical with the as-succinamide described by 
Auger (loc. cit.). 

Since the conditions of this experiment were more favourable 
for the formation of an imide than an amide, the decomposition 
was repeated in the presence of excess of ammonia by allowing 
the acid chloride to drop into concentrated aqueous ammonia. A 
clear solution was obtained, from which, on keeping for some 
hours, a small quantity of succinamide (m. p. 260°) was deposited, 
but, even making due allowance for the sparing solubility of 
succinamide in water, the total yield could not have exceeded much 
more than 5 per cent. of the theoretical. The aqueous solution 
on evaporation in a vacuum yielded ammonium chloride and the 
hygroscopic substance isolated by Auger. 


Action of Ammonia on Methylsuccinyl Chloride. 


Ammonia was passed into 3 grams of the chloride dissolved in 
benzene. The hygroscopic precipitate, when dried in a vacuum, 
weighed 3°9 grams, and nothing remained in the benzene. It was 
extracted with absolute alcohol, and the residue consisted only of 
ammonium chloride. To the cold, filtered alcoholic extract five 
volumes of ether were added, and the precipitate (0°3 gram), after 
crystallisation from water, formed short needles, melting at 225°, 
and identical with methylsuccinamide. The alcoholic solution, 
which, on the addition of more ether, gave no further precipitate, 
was evaporated to dryness in a vacuum. A soft, semi-crystalline 
mass remained, possessing an odour reminiscent of acetamide, It 


: 
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contained, however, but one atom of nitrogen per methylsuccinyl 
residue, and since no trace of s-methylsuccinimide (m. p. 66°) 
could be isolated from it, the suggestion is made that it consisted 
mainly of a very soluble unsymmetrical imide analogous to that 
formulated above (intermediate product II) from _ succinyl 
chloride: 

0°1062 gave 11°2 c.c. N, at 15° and 750 mm. N=12°38. 

C;H,O,N requires N=12°39 per cent. 

The action of the acid chloride on an excess of aqueous ammonia 
was also studied, and gave results similar to the above, save that in 
this case ether precipitated from the alcoholic solution, not only 
methylsuccinamide, but also an oily, hygroscopic substance. It 
was obviously associated with a small quantity of ammonium 
chloride, from which it could not be separated, and an analysis 
would therefore have been valueless, but it was probably the un- 
symmetrical amide analogous to the as-succinamide of Auger. 


Action of Methylamine on Suceinyl Chloride. 


Succinyl chloride was allowed to drop into a concentrated 
aqueous solution of methylamine. The product was evaporated 
to dryness in a vacuum over sulphuric acid, and the residue re- 
peatedly extracted with boiling benzene, whereby  s-succino- 
dimethylamide alone passed into solution, and was deposited, on 
cooling, in small needles, melting at 175°. The yield amounted to 
25 per cent. of the theoretical. The crystals were identical with 
the s-succinodimethylamide described by Wallach (Ber., 1881, 14, 
170) and Franchimont (loc. cit.). The residue, insoluble in 
benzene, was dissolved in the smallest possible quantity of hot 
alcohol, and most of the methylamine hydrochloride crystallised 
out on cooling. Ample indications were obtained that the mother 
liquors contained at least two other substances, but their isolation 
in a pure state proved difficult of realisation. The addition of 
ethyl acetate precipitated, at first, almost pure methylamine hydro- 
chloride, but the last fractions contained, apparently, only small 
amounts of this substance, and consisted mainly of extremely 
hygroscopic, flaky crystals, which began to melt at about 120°, 
but were not completely fused at 200°. Attempts at further puri- 
fication were unsuccessful. Analysis gave N=18°9, a dimethyl- 
amide requiring N=19°44 per cent. The substance was quite in- 
soluble in benzene, and in all its properties differed from s-succino- 
dimethylamide, hence it may represent the unsymmetrical 
isomeride. The alcoholic mother liquors above, from which ethyl 
acetate produced no further precipitate, were evaporated to dry- 
ness. A small quantity of an oil remained, which solidified on 
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keeping. The solid substance was almost entirely soluble in ethyl 
acetate, and the solution deposited white needles, melting at 
105—107°. They were not hygroscopic, but were readily soluble 
in water or alcohol. This substance was therefore much better 
characterised than the analogous one obtained from the residues 
of the methylsuccinamide above, and more confidence can in this 
case be placed on the analytical results, which showed it to be 
isomeric with succinomethylimide (m. p. 66°), with which, how- 
ever, it is obviously not identical: 

0°1251 gave 13°2 cc. Ng at 18° and 763 mm. N=12°36. 

C;H,O,N requires N=12°39 per cent. 


In conclusion, I desire to express my best thanks to Mr. 8. H. 
Groenewoud for his valuable help in carrying out this last por- 
tion of the work. 

CHEMICAL DEPARTMENT, 


Tur Str JouHn Cass TECHNICAL INSTITUTE, 
Lonpon, E.C. 


CLXV.—Dinaphthathioxonium Salts. 


By BrogENDRANATH GHOSE and SAMUEL SMILES. 


In some previous experiments (T., 1912, 101, 710) it was observed 
that naphthasulphonium-quinone (I) is converted into chloro- 
naphthathioxin (III) by boiling acetyl chloride. In explaining this 
characteristic reaction, it was necessary to assume that at an inter- 
mediate stage the thioxonium chloride (II) was formed, and from 
previous experience with other compounds of this type there could 
be no doubt that this substance when heated would be easily 
converted into the chloronaphthathioxin. At that time, the 
required intermediate product could not be isolated, hence the 
mechanism ascribed to the reaction needed further proof, and this 
is now provided by experiments described in the following pages. 


— SCl 
CH s<p o= CH, —> Cy HOG} Ow Hs 7“ 


(I.) (II.) 
S 
C,.B <5 >C1oH Cl. 
(III.) 


Some experimental evidence supporting the belief that 
thioxonium salts are formed in this reaction was first obtained by 
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treating the quinone with acetyl bromide. This haloid is more 
active than the chloride, for it attacks the quinone rapidly at the 
ordinary temperature. A deeply coloured product is then formed, 
which from its general properties appeared to be the desired sub- 
stance, but it is so easily converted into bromonaphthathioxin that 
it could not be isolated for separate examination. From this 
observation it seemed probable that the stability of the thioxonium 
haloid depends at least partly on the ease with which the naphtha- 
thioxin nucleus is substituted by the free halogen, so that when a 
relatively inactive halogen is present the thioxonium salt should 
be more stable. Since the substitution of naphthathioxin by free 
iodine is extremely slow, the interaction of acetyl iodide and the 
quinone has been examined with the hope of obtaining a more 
stable thioxonium haloid which could be identified as such by 
separate treatment. 

This has been realised, the nature of the product being demon- 
strated by reaction with sodium thiosulphate, which removed the 
halogen, leaving the naphthathioxin. In this manner, the ex- 
planation given to the interaction of acyl haloids and the quinone 
has been confirmed, and a means provided for passing from that 
substance to the naphthathioxin (IV). 

0:C,)H,-S-C,,H <0 —> CH <6) > CH <> OH <5 >0,He 

(IV.) 


It is necessary to observe that the naphthathioxin formed in this 
manner is not the one which is obtained by dehydration of the 
sulphide of B-naphthol, but is identical with the isonaphthathioxin 
furnished by the tsosulphide. Previous work (T., 1913, 103, 901) 
with this group of substances showed that the halogen derivatives 
obtained from the quinone with acyl haloids are different from 
those furnished by directly substituting naphthathioxin, and 
identical with those formed from isonaphthathioxin. This rela- 
tion between the isonaphthathioxin and the products obtained from 
the quinone is now simplified by the knowledge that the latter 
arise from the salts of naphthathioxonium, which are formed as 
primary products in the reaction. 

A brief investigation has been made of other salts of this type; 
they have been obtained by interaction of the sulphoxides and 
perchloric or sulphuric acids in hot acetic acid solution. As far 
as the experiments have been carried, there appear to be two types 
of salt derived from the sulphoxide: the true sulphoxide salts, 
which are colourless, and the highly-coloured thioxonium salts. 
The nitrates have been obtained only in the first-named form, and 
the sulphates exclusively in the latter. However, the perchlorate 
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of naphthathioxin has been obtained in both forms, the colourless 
salt which is formed from the cold reagents being transformed by 
heat into the purple thioxonium perchlorate. 


ExPERIMENTAL. 
Acetyl Iodide and Naphthasulphonium-quinone. 


A mixture of 10 grams of naphthasulphonium-quinone and 
60—70 c.c. of acetic anhydride was placed in a flask surrounded 
by melting ice. Twelve grams of acetyl iodide were then added 
to the mixture, which was stirred at intervals during half an hour. 
The crystalline iodide was then collected on glass wool, dried on 
porous earthenware, and finally treated with a concentrated 
aqueous solution of sodium thiosulphate. The yield of this crude 
naphthathioxin obtained from 30 grams of the quinone was 26—27 
grams, but it still contained small quantities of iodine, which per- 
sistently remained during crystallisation. A sample which had 
separated from hot acetic acid melted at 150—151°, and showed 
no lowering in melting point when mixed with pure isonaphtha- 
thioxin; it also gave a dibromo-derivative, melting at 243—244°, 
which behaved in a corresponding manner. 

However, the crude material was further purified by removing 
a small quantity of soluble material with hot alcohol, and then 
recrystallising the residue from hot acetic acid to which a little 
zinc dust had been added. The product formed large, yellow 
needles, which melted at 154°; it was identified as isonaphtha- 
thioxin in the usual manner and by means of the dibromo-deriv- 
ative. A further quantity was isolated from the mother liquors 
of purification by means of the picrate, the total yield of pure 
material being 20 grams. (Found, C=79'9; H=4:1. C,H,,O8 

requires C=80°00; H=4°00 per cent.) 
'  dwsoNaphthathioxin forms additive products with picric acid and 
with ferric chloride. The dipicrate was prepared by adding an 
excess of a saturated solution of picric acid in benzene to a solu- 
tion of the substance in the same solvent. The required compound 
was precipitated in chocolate-coloured needles, which melted at 
177—178°. The substance is sparingly soluble in most organic 
media, and it may be employed with advantage in isolating small 
quantities of the thioxin from impure material. It is readily 
decomposed by aqueous alkali hydroxide, and was analysed by 
treatment with the standard reagent: 
0°5642 requires 15 c.c. V/10-NaOH. C,H,O,N,=60°8. 

C.y»H,,08,2C,H;,0,N, requires C,H,0,N,=60°4 per cent. 

The corresponding derivative of tsonaphthathioxin was made by 
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a similar process. The dipicrate formed chocolate-coloured needles, 
which melted at 177—178°, but a sample mixed with the isomeric 
derivative melted indefinitely at 160—165°: 

0°3320 required 8°8 c.c. V/10-NaOH. C,H,0,N;=60°7. 

C.9H,,08,2C,H,0,N, requires C,H,0,N,=60°4 per cent. 

The ferrichlorides were obtained by mixing dry ethereal solu- 
tions of the reagents; they are green, crystalline substances of the 
composition C,,.H,,0S,FeCl,. 


Derivatives of Naphthathioxin Oxide. 


The diperchlorate was obtained by adding perchloric acid 
(D 1°70) to a cold saturated solution of the oxide in acetic acid. 
The crystalline precipitate was collected, washed with a little acetic 
acid, and dried on porous earthenware in a vacuous desiccator: 

0°5001 required 19 c.c. V/10-NaOH. HClO,=38'2. 

C.9H,,08,2HC1O, requires HC1O,=38°8 per cent. 

The product remaining after treatment with alkali hydroxide 
was identified as naphthathioxin oxide. The substance explodes 
violently at about 150°; when prepared from the pure oxide, it is 
obtained in colourless needles, whilst the impure oxide yields a 
pale red material. The structure of this salt is undoubtedly 
analogous to that of the nitrate, which has been previously 
described (T., 1912, 101, 714), that is to say, the substance is a 
true salt of the sulphoxide (V). Two alternative situations are 
available for the second molecular proportion of perchloric acid: 
either in an oxonium grouping or in a diacidic derivative of the 
sulphoxide group. In spite of the fact that the analytical data 
point to the former alternative, definite conclusion in its favour 
cannot now be made, for it seems possible that the lower percentage 
of acid found may be due to partial hydrolysis of the salt. At 
the same time, it may be recalled that K. A. Hofmann (Ber., 1909, 
43, 178, 183) has shown perchloric acid to be capable of form- 
ing oxonium salts with substances which appear indifferent to 
other acids. This diperchlorate is relatively unstable, for when the 
solution in glacial acetic acid is warmed the monoperchlorate is 
formed. 

The monoperchlorate of naphthathioxin oxide was prepared by 
adding perchloric acid to a hot solution of the oxide in acetic acid. 
When the mixture was cooled, a purple, crystalline material 
separated ; this was collected, washed with acetic acid, and dried on 
porous earthenware in a vacuous desiccator. When treated with 
aqueous alkali hydroxide, the substance yielded naphthathioxin 
oxide; it is sparingly soluble in cold acetic acid: 
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0°5384 required 9°55 c.c. V/10-NaOH. HClO,=23°9. 
C,95H,,08,HU1O, requires HClO,=24'1 per cent. 

This highly-coloured salt evidently contains the thionium struc- 
ture, and since it appears inadmissible to assume the existence of 
an oxonium hydroxide in this type of compound, the oxonium 
perchlorate arrangement (VI) must be ascribed to the substance. 
The relations between these substances are summarised by the 
following formule: 

HO ClO, 
\/ OH 


S 8 OS 
CH <> CoH, —— OH p< CH, ied 0,,H,<_5> CoH. 


I 
if Yuno, mm, 
(V.) (VI.) 

It is evident that this change of the colourless into the coloured 
salt demonstrates the conversion of the sulphoxide salt into the 
thioxonium derivative, and thus confirmation is given to the hypo- 
thesis previously advanced that, in reacting with the O-sulphoxides 
of diphenylmethane and diphenylamine, acids first produce normal 
sulphoxide salts, which then, by loss of water or acid, finally yield 
the corresponding thionium salt. It may be added that this con- 
version of the sulphoxide into the quinonoid thionium salt has now 
been observed in the azothionium (Barnett and Smiles, T., 1909, 
95, 1253), carbothionium (Hilditch and Smiles, T., 1911, 99, 145), 
oxothionium (this paper), and thiothionium series (Fries and Vogt, 
Annalen, 1911, $81, 312), whilst other observations indicate that 
a similar change may take place in simple benzenoid derivatives 
(Zincke and Jérg, Ber., 1909, 42, 3362) and in a certain type of 
aliphatic sulphoxide (Hilditch, Ber., 1911, 44, 3583). 

Dinaphthathiozonium sulphate was obtained by adding a few 
drops of sulphuric acid to a concentrated solution of naphtha- 
thioxin in warm acetic acid. On cooling the mixture, the sub- 
stance separated in dark green needles, which decomposed at about 
140°. The substance decomposes on being kept, and is not so 
stable as the corresponding perchlorate : 

0°4286 required 23 cc. V/10-NaOH. H,SO,=23°3. 

C.»H,,08,H,SO, requires H,SO,=23°6 per cent. 


Salts of Chloronaphthathioxin Oxide. 


The chloronaphthathioxin employed in these experiments was 
obtained by the action of acetyl chloride on naphthasulphonium- 
quinone. It was converted into the oxide by the method described 
in a former paper (T., 1912, 101, 710). 
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The perchlorate of the thioxoniwm base was prepared by adding 
perchloric acid to the solution of the sulphoxide in hot acetic acid. 
The substance separated in purple needles, which were sparingly 
soluble in the medium employed : 

0°2708 required 6°1 cc. V/10-NaOH. HClO,=22°6. 

C.9H,,OC1S,HC1O, requires HClO,=22°3 per cent. 

In the preparation of this salt it was observed that if the solu- 
tion containing excess of perchloric acid was heated for too long a 
period, decomposition occurs, a yellow, crystalline material being 
precipitated. A sample of this substance was collected and re- 
crystallised from hot pyridine, from which it separated in pale 
yellow prisms, melting at 225°: . 

0°0802 gave 0°1917 CO, and 0°0232 H,O. C=65°2; H=3'2. 

C,9H,,0;C1S requires C=65°4; H=3°0 per cent. 

The compound is evidently the sulphone formed from the 
thioxonium salt by oxidation with the excess of hot perchloric acid. 

The sulphate was prepared by a similar process; it formed dark 
green needles, which melted and decomposed at about 145—147°: 

0°3896 required 16°8 c.c. V/10-NaOH. H,SO,=21°2. 

C.9H,,0CIS,H,SO, requires H,SO,=21°6 per cent. 

The nitrate is a colourless, crystalline material, which decom- 
poses at about 210°: 

0°2471 required 6 c.c. V/10-NaOH. HNO,=15°3. 

Cy9H,,0CIS,HNO, requires HNO,;=15°4 per cent. 
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CLXVI.—The Interaction of Nitric Acid and the 
Sulphides of 8-Naphthol. 
By Caartes Granam Hurtcuison and Samvet SMILEs. 


THE experiments described in the following pages were made in 
continuing the study of the relations between the a-sulphide of 
B-naphthol and the isomeride which is formed by the reduction of 
naphthasulphonium-quinone. When bromine was allowed to react 
with the former sulphide, the sulphur was very easily removed and 
substituted by the halogen, dibromo-8-naphthol being formed. It 
was therefore concluded that this sulphide is closely allied to 
B-naphthol. On the other hand, the ¢sosulphide is more closely 
related to naphthasulphonium-quinone, since on treatment with 
bromine the sulphur remained intact, whilst the dibromo- 
sulphonium-quinone was produced. 
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For the sake of brevity, the results now obtained with nitric acid 
are summarised in the following table, and on inspecting this it 


-Naphthol i pte B-Naphtha - ~24 ¢s0-B-Naphthol 
B-Naphthol sulphide — sulphonium-quinone ae oivlide 


0? or i | yA 
v/ a | HNO, /s 


- N ¥ ¥v 
Dinitro-B- Mononitronaphtha- 
naphthol sulphonium-quinone 
oY *\ 
oy Ne 
NM 
Phenylhydrazone Chloronitronaphthathioxin. 


will be seen that in general character they are similar to those 
obtained by the action of bromine. Thus the isosulphide is merely 
oxidised and nitrated, whilst the stable sulphide, losing sulphur, 
furnishes dinitro-B-naphithol. There is, however, the important 
difference that, in the case of nitric acid, the normal sulphide yields 
a mixture of the two types of product: the dinitro-8-naphthol and 
the nitrosulphonium-quinone. The last-named substance is formed 
in by far the smaller quantity, but its occurrence shows that the 
sulphide in question may be converted into the quinone by an 
acid oxidising agent. On the other hand, when the isosulphide is 
treated with this reagent, the formation of nitronaphthol was not 
observed, the production of the nitro-quinone being nearly quantita- 
tive. Moreover, with this isosulphide, even ferric chloride gives 
an almost theoretical yield of the sulphonium-quinone, whilst 
under the same conditions the stable sulphide remains unattacked 
by that reagent. It is now evident from these and from previous 
results that the most salient differences between the two sulphides 
are the relative instability of the sulphur in the normal compound 
and that of the additional hydrogen in the ‘so-derivative. 

The relations between the sulphonium-quinone and the two 
isomeric sulphides are summarised in the following scheme, and on 
inspecting this it is seen that either sulphide may be converted 
into the common oxidation product by mild agents of acid or 
alkaline character. Since the transformation of each sulphide into 


_, NaOEt in alcohol Zu and Acetic acid 
Normal <—~— —~ . ee ; 
Iphid >Quinone< isySulphide. 
SULPNIGe K..Pe(CN),; or Ig and NaOli K3Fe(CN )g and NaOH, FeCl 
3 3 
or HNO; HNOs or Bro 


the quinone involves only the removal of hydrogen, it may be 
inferred that the oxygen and sulphur occupy the same relative 
VOL, CV. 5 X 
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positions in the naphthalene nuclei of the three substances. In 
the case of the normal sulphide, which is obtained by sulphonation 
of B-naphthol, the substituents in question occupy the a and 
8-positions respectively, hence for the zso-sulphide a similar skeleton 
may be written (I): 
one on, OdiXon ce Cull 
10"6(8)O 01g)” 10 106 NOH OH~ “106 
(I.) (IL.) 

In the experimental part of this paper it is further shown that 
the composition of the iso-compound differs from that of the 
quinone by the addition of two hydrogen atoms, and these must 
be added to the scheme. Moreover, since this sulphide gives a 
diacetyl derivative, and sodium, lead, and zinc salts, and loses 
water, forming a substance of the character of naphthathioxin, it 
appears to contain hydroxyl; thus the structure of the substance 
may be advanced a stage further, as in II, and this preliminary 
formula is in outline the same as that assigned to the normal 
sulphide. It yet remains to be discussed what further modifica- 
tion of this skeleton structure is necessary to explain the different 
characters of the isomerides, and in so doing an explanation must 
be given of at least three circumstances: 

(1) The conversion of the iso- into the normal sulphide by means 
of alkali hydroxide. 

(2) The relative instability of the sulphur and stability of the 
hydroxylic hydrogen in the normal sulphide. 

(3) The reversed state of affairs in the 1so-compound, that is, the 
stability of the sulphur and the instability of the additional 
hydrogen atoms. 

For the present, it is sufficient to point out that there can be no 
doubt as to the constitution of the normal sulphide; this substance 
is clearly the true sulphide of S-naphthol. It further seems that 
the constitution of the isosulphide can only be explained by 
assuming either some modification of the normal naphthalene com- 
plex or the presence of a quinolic arrangement involving further 
union of the nuclei beyond that represented by the skeleton 
formula (II). The question is being further investigated. 


EXPERIMENTAL. 
Nitronaphthasulphonium-quinone, O:C,.H,:S:C,9H;(NO,):0. 


Ten grams of naphthasulphonium-quinone were suspended in 
about 50—60 c.c. of acetic acid, and the calculated quantity of 
nitric acid (D 1°42) was added to the mixture, which was then kept 
at 15—16°, and shaken until the reaction was complete. After the 
lapse of half an hour, the crude nitro-derivative which had 
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separated from the liquid was collected. It weighed 9°5 grams, 
and a further 1—2 grams were obtained from the mother liquors 
by addition of water. The material was almost pure, but it was 
recrystallised from hot acetone, in which it was sparingly soluble. 
Mononitronaphthasul phonium-quinone was thus obtained in glisten- 
ing, orange prisms, which melted at 199°: 

0°1190 gave 0°2895 CO, and 0°0395 H,O. C=66'34; H=3°6. 

0°3505 ,, 12°2 cc. Ng at 19° and 752 mm. N=3°95. 

Cy9H,,0,NS requires C=66°48; H=3°04; N=3°87 per cent. 

The quinone employed in this preparation should be in the 
amorphous condition in which it is directly obtained by the oxida- 
tion of B-naphthol sulphide; in the crystalline state, the quinone 
is less soluble in the medium and less readily attacked by the nitric 
acid. Further nitration of the quinone was not quantitatively 
attained by the reagent used in the foregoing experiment. Thus, 
in one experiment, four times the calculated quantity of nitric 
acid was used, but the product was almost pure mononitro- 
derivative; in fact, the less soluble portion melted at 199—200°, 
gave a phenylhydrazone melting at 190° (see later), and contained 
4°2 per cent. of nitrogen (theory requires N=3°87 per cent.). On 
the other hand, with warm nitric acid the material was profoundly 
decomposed. 

An approximately pure dinitro-derivative was obtained by the 
following method. The mononitroquinone was suspended in an 
excess of aqueous nitric acid (D 1°42) to which a few drops of 
sulphuric acid had been added. The mixture was kept at the 
atmospheric temperature for several hours, and then, after acetic 
acid had been added, the solid material was collected and washed 
with acetic acid until the filtrates were almost colourless. The 
product remaining undissolved after this treatment was very 
sparingly soluble in hot acetic acid, which on cooling deposited 
dinittronaphthasulphonium-quinone in pale yellow needles, which 
melted at 253°: 

0°1483 gave 84 c.c. N. at 15° and 740 mm. N=6'4. 

C.9H,~Og,N.S requires N=6'8 per cent. 

The substance was not further investigated. The following sub- 
stances were prepared in order to establish the constitution of the 
mononitro-derivative described in a previous paragraph. 

The monophenylhydrazone of nitronaphthasulphonium-quinone, 
CoH;*N,H:C,,H,-S:C,,H;(NO,):0, was obtained by the following 
process. One and a-half times the calculated amount of phenyl- 
hydrazine was added to a hot solution of the quinone in acetic acid. 
The mixture was warmed for a few minutes, and then set aside to 


cool. The crude product which had finally separated was collected 
5 xX 2 
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and recrystallised from hot acetic acid. The desired hydrazone 
was thus obtained in long, orange needles, which melted at 190°: 
0°0997 gave 0°2527 CO, and 0°0380 H,O. C=691; H=4:2. 
01895 ,, 15°6 cc. Nz at 16° and 762 mm. N=9°6. 
C,,H,;0,N,8 requires C=69°18; H=3°77; N=9°33 per cent. 
Unsuccessful attempts to obtain a dihydrazone were made by 
more prolonged treatment of the quinone with excess of pheny]l- 
hydrazine in hot acetic acid. Analysis of the product obtained in 
these experiments showed that a dihydrazone was not formed, and 
that reduction had probably taken place. Although the parent 
quinone readily gives a dihydrazone, the failure of this nitro-com- 
pound to form a similar derivative is not incompatible with the 
presence of the diquinonoid structure; in fact, if the behaviour of 
other nitroquinones is taken into account, the existence of only a 
monohydrazone must be expected. It is sufficient to quote the 
experiments of Zincke and Noack (Annalen, 1897, 295, 12), who 
showed that nitro-8-naphthaquinone does not give a hydrazone, 
but is reduced by phenylhydrazine to the nitro-hydroquinone. 


Chloronttronaphthathiozin, C,H a<S>o H,-NO.. 
, 10445 oO” “10s Ss 


Five grams of nitronaphthasulphonium-quinone were treated for 
five hours with 60 c.c. of boiling acetyl chloride. When cooled, the 
contents of the flask deposited a thick mass of red needles; these 
were collected, successively washed with acetic acid and alcohol, 
and finally recrystallised from hot pyridine. The product formed 
orange-red needles, which melted at 271°. The yield of the crude 
material was almost theoretical. Chloronitronaphthathiozin is 
very sparingly soluble in most organic media, but is readily dis- 
solved by hot pyridine or tetrachloroethane: 

0°1000 gave 0°2310 CO, and 0°0280 H,O. C=63'°0; H=3'l. 

0°3775 =, «13 c.c. Ng at 21° and 746 mm. N=3°84, 

0°4304 ,, 01630 AgCl. Cl=9°36. 

C5H,,O;NCIS requires C=63°22; H=2°62; N=3°7; Cl=9°35. 

per cent. 

With nitric acid (D 1°42), the substance is converted into the 
colourless oxide, thus exhibiting a characteristic of derivatives of 
naphthathioxin. The conversion into chloronaphthathioxin by 
means of acetyl chloride is the most characteristic reaction of 
naphthasulphonium-quinone, and the occurrence of this change 
with the nitro-derivative in question affords further proof of the 
sulphonium-quinone structure in that substance. 


a i a 
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Interaction of iso-B-Naphthol Sulphide and Nitrie Acid. 


Three molecular proportions of nitric acid (D 1°42) were added 
to acetic acid in which one molecular proportion of the csosulphide 
of B-naphthol was suspended. The mixture was contained by a 
vessel surrounded by melting ice, and, on shaking, the sulphide 
dissolved, and an almost theoretical quantity of nitronaphtha- 
sulphonium-quinone was subsequently deposited in the crystalline 
state. The substance was identified by analysis, by the melting 
point taken alone or mixed with another sample, and by con- 
version into the phenylhydrazone, which was also identified in the 
usual manner. 


Interaction of B-Naphthol Sulphide and Nitrie Acid. 


Five grams of B-naphthol sulphide were suspended in 30—40 c.c. 
of acetic acid, and five molecular proportions of nitric acid were 
added to the mixture, which was placed in a vessel surrounded by 
melting ice; assisted by shaking the sulphide dissolved, and, after 
the lapse of about half an hour, a crystalline product had separated 
from the solution. When collected, this material was separated 
from adherent mother liquor by washing with acetic acid, and it 
was then exhaustively treated with a warm aqueous solution of 
sodium hydroxide. The portion which remained undissolved by 
the alkali hydroxide was collected, washed with water, and then 
recrystallised from hot acetone. It was identified as mononitro- 
naphthasulphonium-quinone by the melting point, taken alone or 
mixed with another sample, and by conversion into the phenyl- 
hydrazone. From 15 grams of the sulphide about 2 grams of the 
quinone were obtained. 

The solution obtained by treating the original product with 
aqueous alkali hydroxide was acidified with dilute sulphuric acid. 
The precipitated material was isolated in the usual manner, and 
then recrystallised from hot aqueous alcohol. The substance was 
identified with dinitro-8-naphthol by analysis (Found, N=11°9. 
Cale., N=11°96 per cent.) and by the melting point, taken alone 
(195°) or mixed with a sample prepared by nitration of 8-naphthol. 
Fifteen grams of the sulphide gave about 9 grams of the dinitro- 
naphthol. 

Small quantities of these products were also isolated from the 
original mother liquors of the nitration. By employing a higher 
temperature (55°) and less solvent in the nitration, the yield of 
dinitro-B-naphthol is increased and that of the nitroquinone is 
diminished ; in fact, only traces of the latter substance could be 
then isolated. 
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Oxidation of iso-B-Naphthol Sulphide with Ferric Chloride. 


When 6 grams of anhydrous ferric chloride were added to a 
solution of 4 grams of the sulphide in dry ether (50 c.c.), a sub- 
stance containing iron was precipitated as a dark red oil. The 
latter was decomposed by shaking the mixture with water, when 
the quinone (3°5 grams) crystallised from the ethereal layer. The 
product was identified as naphthasulphonium-quinone by the usual 
method, and by conversion into chloronaphthathioxin. The stable 
sulphide of B-naphthol is not oxidised by ferric chloride in this 
manner ; in alcoholic solution it gives the green colour characteristic 


of B-naphthol. 


Quantitative Oxidation of the Sulphides with Alkaline 
Ferricyanide. 


A weighed quantity of the sulphide was dissolved in a dilute 
aqueous solution of sodium hydroxide. A measured volume of 
standard ferricyanide solution was then added in excess, and, after 
further dilution to a definite volume, the mixture was well shaken; 
then the insoluble quinone was rapidly collected. After the filtrate 
had been acidified and further diluted to the necessary extent, the 
ferrocyanide formed during the reaction was determined by titra- 
tion with potassium permanganate. 


B-Naphthol Sulphide. 


0°343 required 25°3 c.c. NW/10-ferricyanide; 1 mol. requires 
2°3 mols. K,Fe(CN),. 
0°200 required 14:2 c.c. W/10-ferricyanide; 1 mol. requires 
2°2 mols. K,Fe(CN),. 
Theory for loss of 2H from the sulphide requires 2°0 mols. 
K,Fe(CN),. 


iso-B-Naphthol Sulphide. 


0°3455 required 25°5 c.c. WV/10-ferricyanide; 1 mol. requires 
2°3 mols. K,Fe(CN),. 
0°2482 required 16°7 c.c. WV/10-ferricyanide; 1 mol. requires 
21 mols. K;Fe(CN),. 
Theory for loss of 2H from the sulphide requires 2°0 mols. 
K;Fe(CN),. 


Now, from general considerations, it is evident that only two 
atoms of hydrogen, or some multiple thereof, can be removed by 
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the oxidising agent. Owing to the nature of the method employed, 
strict accuracy cannot be claimed for these results, but they are 
sufficiently close to one another and to the theoretical value to show 
that the composition of each sulphide differs from that of the 
quinone by two atoms of hydrogen. 

When exhaustively oxidised by alkaline potassium perman- 
ganate, either sulphide yields phthalic acid. 

When the iso-sulphide is dissolved in aqueous sodium hydroxide, 
it is slowly converted into the sodium salt of the normal compound, 
but in the presence of air partial oxidation to an insoluble, 
amorphous compound takes place. The latter is converted into the 
quinone by treatment with ferric chloride. 
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CLXVIL—The Influence of Solvents on Molecular 
Weights. Part I. Salts. 


By Witi1am Ernest STEPHEN TURNER and CoRNELIUS 
THEODORE PoLLarD. 


Any valid interpretation of the results of molecular-weight deter- 
minations in solution ought to be based on a knowledge of the 
part played by the solvent. This effect may be of two kinds: it 
may be chemical or it may be physical, and if it can be demon- 
strated that, in most cases, the influence of the solvent obeys some 
simple physical rule, then the interpretation of the results is 
simplified. 

On the assumption that the forces acting between the atoms of a 
compound are electrical in their origin, there arose the hypothesis 
of J. J. Thomson (Phil. Mag., 1893, [v], 36, 313) on the dissociation 
of electrolytes in media of high dielectric constant, and its exten- 
sion by Nernst (Zeitsch. physikal. Chem., 1894, 18, 533), who pre- 
sumed that association might be expected in solvents of low dielec- 
tric constant.* This hypothesis, from the breadth of its generalisa- 
tion, naturally takes first place in any test of the physical effect 
of the solvent on molecular weights, and this paper, indeed, is 
concerned with its validity for a very wide range of solvents. 

So far as ionisation is concerned, the hypothesis has been 


* The association referre'l only to organic substances, such as acetic and benzoic 
acids. The recognition of the association of salts is much more recent. 
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subjected to scrutiny by a large number of workers (compare 
Mathews, J. Physical Chem., 1905, 9, 641; Walden, Zeitsch. 
physikal. Chem., 1905, 54, 228; Malmstrém, Zeitsch. Elektrochem., 
1905, 11, 197; Baur, cbid., 11, 936; 1906, 12, 725; Sutherland, 
Phil. Mag., 1907, [vi], 14, 9; McCoy, J. Amer. Chem. Soc., 1908, 
30, 1074; Sachanov, J. Russ. Phys. Chem. Soc., 1910, 42, 683, 
1363 ; 1911, 48, 526, 534; 1912, 44, 324; Zeitsch. physikal. Chem., 
1912, 80, 13, 20; Kraus and Bray, J. Amer. Chem. Soc., 1913, 85, 
1315), but its extensive application to association is only of recent 
date. 

The first systematic test of the hypothesis in relation to associa- 
tion was made by employing amides and anilides as_ solutes 
(Meldrum and Turner, T., 1908, 93, 876; 1910, 97, 1605, 1805), 
and the conclusion drawn was that the hypothesis was satisfactorily 
confirmed. A more exhaustive investigation of non-electrolytes, to 
be communicated later, shows that the relationship is not so 
perfectly defined as was formerly thought. So far as salts are 
concerned, the conclusion previously drawn (Turner, T., 1911, 99, 
880) from existing data was that the hypothesis was also applicable. 
It was felt, however, that the subject had not been investigated 
as thoroughly as its importance demanded, and that further experi- 
ments were needed. 

In this communication we now present the results of measure- 
ments made on a number of salts of organic ammonium bases in 
twenty-three solvents. The behaviour of metallic salts will form 
the subject of later communications. 

We have employed tsobutylammonium, diethyl- and_triethyl- 
ammonium chlorides; triethylammonium bromide and _ iodide; 
tetraethylammonium chloride, bromide, and iodide; tetrapropy]l- 
ammonium iodide and nitrate and quinoline ethiodide, in all, twelve 
salts. New determinations have been carried out with some or all 
the salts mentioned in the following solvents: water, ethyl and 
tsoamyl alcohols, dimethylethylcarbinol, acetone, formic and acetic 
acids, acetonitrile, nitrobenzene, urethane, pyridine, phenol, p-tolui- 
dine, and diphenylamine. To the results obtained, previous ones 
in chloroform and bromoform (Turner, loc. cit., and T., 1912, 101, 
1923) have been added, as also the following obtained by other 
workers: Tetraethylammonium iodide in formamide, nitromethane, 
methyl alcohol, propionitrile, sulphur dioxide, pyridine, and suc- 
cinonitrile (Walden, Bull. Acad. Sci. St. Pétersbourg, 1911, [vi], 
1055; Zettsch. physikal. Chem., 1906, 55, 281; Walden and Cent- 
nerszwer, tbid., 1902, 39, 513; 1906, 55, 324; Bruni and Manuelli, 
Zeitsch. Elektrochem., 1905, 11, 861); diethyl-, triethyl-, and tetra- 
ethyl-ammonium chlorides in formamide or suiohur dioxide or 
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methylene chloride (Walden, loc. cit., and Bull. Acad. Sei. St. 
Pétersbourg, 1912, [vi], 1055). 

The first result of our measurements has been to establish the 
fact deduced from the experiments made with chloroform and 
bromoform solutions, that salts must be classed among the asso- 
ciated substances. Association is evident in at least thirteen out 
of the twenty-three solvents, and its extent in solvents of low 
dielectric constant may be very great. Thus, tetrapropylammonium 
iodide, both in acetic acid and in diphenylamine, attains a molecular 
size more than four times the normal. 

The comparison of the different salts is difficult owing to the 
different effect which concentration has on the molecular weight; 
and this difficulty must be borne in mind when considering the 
results below. As a rule, the rate of increase in the degree of asso- 
ciation is greatest with iodides, next bromides, and least with 
chlorides, but tetrapropylammonium iodide, on the other hand, is 
less affected by change of concentration than most other salts. 
Then, again, in phenol, the molecular weights of the different salts 
remain almost constant. A comparison concentration should, how- 
ever, be chosen such that the solution may be considered 
dilute, and the one we have adopted is a solution contain- 
ing 25 milligram-molecules of the substance, calculated on the 
basis of the simplest possible molecular weight, per 100 c.c. of the 
solvent at the temperature of the molecular-weight determina- 
tion. The densities employed for the necessary calculations are 
given in the detailed section. The molecular weight at the standard 
concentration (M,;) and the ratio (A,;) of the observed to the 
simple molecular weight were determined in most cases from a 
curve. The values given in brackets were obtained by extrapola- 
tion, and are less certain ; those in italics are from the data of other 
workers. 

In the following table the values of A,, are given for the salts 
in various solvents, whilst K, represents the dielectric constant of 
the solvent at or near the temperature of experiment, an essential 
condition, since, as will be proved, the molecular weight depends 
on the dielectric constant which, in turn, varies with the tempera- 
ture. 
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Water 


Water 


Phenol 


Formamide 
Formic acid 
Acetonitrile 
Ethyl alcohol 
Sulphur dioxide 
Urethane 
Phenol 

Pyridine 
Methylene chloride 
Dimethylethylcarbinol 
Acetic acid 
isoAmy]l alcohol 
p-Toluidine 
Bromoform 
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Formamide ............. > 84 


Succinonitrile 
Formic acid 
Nitrobenzene 
Nitromethane . 
Acetonitrile . 
Propionitrile 
Methyl alcohol 
Ethyl! alcohol 
Acetone 
Sulphur dioxide 
Urethane . 


PYTIGING cccccccccccccsocce 
Methylene chloride 
Acetic acid 
tsoAmyl alcohol 
p-Toluidine 
Chloroform 
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Degree of Association. 


At a concentration of 25 milligram-molecules per 100 c.c. 


solvent. 

r 8 g 

Z, 3 s 

"a nn ea] 

a 
Ki. oO Z Zi 

— 0-57 — 
66,0 0-54 0-61 0- 
58-5 — 068 0 
81-Te.s 226 168 — 
18-0. 1:00 100 0 
14-0, -~— i = 
13-6. 1:20 1-27 1- 
9-68,,, 1:24 124 1: 
Vine — 1831 
a 
6-3. 158 1-63 1-59 
BTioe 151 1-48 1-17 
54. 174 1-55 
4-58, 4:28 3:03 2-28 
4-13), 454 2-53 
—" = ae 


Degree of Association. 


At a concentration of 25 milligram-molecules per 100 c.e. 
fo} 


solvent. 
at mI 
S S 
a 8 
K:. Z Z A 
a ain Ove 
66 500 0-58 0-59 0-66 
61-2,5.+ a —_ 0-62 
58-5160 —_ —_ 0-68 
40-0, — _— _ 
39-4, aa — 0-66 
31-7,).; a= _ 0-70 
22+ 5o. —_ —_ (0°77) 
21-0, -- — 0-80 
18-0. 0-91° 0-89 0-99 
17-056 — _— _— 
14-0.,. — ames 0. 78 
13-64, — 1-04 — 
9-68,,. 1-23 — 1-23 
9-Siig - = (22) 
+3 2-0 omens — 
6-315 a 2-51 oo 
5-7 300 1:34 1-55 1-8 
5-4, ,. 0-96 1:62 1-4 
o 46 6-4 
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It was not possible to fix on any one salt which is soluble in all 
the solvents considered, but it is easy, by passing from one salt to 
another, to follow the general effect of the solvent. 

The first point to which we would direct attention is the way 
in which the molecular weight of a given salt increases as the 
dielectric constant of the solvent diminishes. Consider, for example, 
diethylammonium chloride. Starting out from formamide, in which 
the molecular weight appears to be reduced to nearly one-half of 
its calculated value, there is a sure, if broken, rise as we pass 
down the column. Tetraethylammonium icdide provides a second 
and better example. The apparent slight break for succinonitrile 
is most likely to be accounted for by the difficulty of deter- 
mining with any exactness the value of A,, from Bruni and 
Manuelli’s measurements. Certain other discrepancies in the table 
can also be accounted for. Thus, the values of A,,; for the salts 
in nitrobenzene are higher than should be expected, but in all 
probability they are high only because they have of necessity been 
obtained by extrapolation from low concentrations where the 
change of molecular weight with concentration is considerable.* 
p-Toluidine also provides an exception to the rule, save for isobutyl- 
ammonium and diethylammonium chlorides, but here, again, the 
discrepancy can readily be explained. For, from the detailed tables 
given in the experimental section, it will be seen that in all 
except the two cases mentioned and phenylethylammonium chloride, 
the molecular weight first rises, indicating association, attains a 
maximum usually at the second concentration and then falls. This 
behaviour may be explained as due to chemical combination 
between solvent and solute (Turner and Bissett, this vol., p. 1777). 
As such combination always brings about a reduction in the 
apparent molecular weight, the low results with most salts in 
p-toluidine are accounted for. The unexpected behaviour of phenyl- 
ethylammonium chloride in ptoluidine (confirmed by repeated 
determination) can only be explained after further examination. 
In dilute solution, the substance appears to be dissociated into 
two parts. Liquid sulphur dioxide also appears to combine with 
triethylammonium chloride and tetraethylammonium iodide, lead- 
ing to low results, for in both series the molecular-weight values 
fall with increasing concentration similar to potassium iodide 
(Walden and Centnerszwer, Joc. cit., and Zeitsch. physikal. Chem., 
1903, 42, 432), compounds of which, with sulphur dioxide, have 
been obtained. 

When allowance is made for the difficulty attending extrapola- 

* This difficulty has been overcome in the case of propionitrile by°comparing it 
with acetonitrile at two lower concentrations and assuming that the ratio between 
the values in these two solvents will be the same at the standard concentration. 
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tion and for the disturbing effect of chemical action, it is clear 
that there exists a relationship connecting the molecular weight 
of a salt with the dielectric constant of the solvent, the magnitude 
of the molecular weight increasing as that of the dielectric constant 
decreases, and the relationship becomes all the more certain when 
further allowance is made for the effect of concentration already 
mentioned, and of temperature, discussed below. 

In the light of these results, the abnormally low molecular-weight 
values obtained with water, results on which the theory of electro- 
lytic dissociation was founded, fall naturally into line with those 
obtained in other solvents, and no longer, in fact, stand out as 
abnormal; that is to say, electrolytic dissociation and molecular 
association are both part of a more general phenomenon. 

The precise point at which molecular association begins cannot 
be decided, but an estimate can be made. Even in alcohol, distinct 
association is found with quinoline ethiodide and tetrapropyl- 
ammonium iodide in solutions more concentrated than the 
standard. In acetone, the tendency to association is still more 
pronounced. Thus, in ethyl alcohol, the molecular weight of tetra- 
ethylammonium iodide (M.W. 257°1) was found, over the range 
tested, to vary from 252 to 319; and in acetone, the molecular 
weight of tetrapropylammonium nitrate (M.W. 248°4) varied from 
269 to 342. As the dielectric constant of ethyl alcohol at its 
boiling point is 18°0, this value may be given as that below which 
the formation of complex molecules of an associated solute becomes 
evident. For non-electrolytes (amides and anilides), tendency to 
association has also been found to be distinctly evident in alcohol 
and acetone (Meldrum and Turner, Joc. cit.). 

Our results also enable us to deal with the view, very often 
expressed, that the solution of an associated substance in an 
associated solvent is accompanied by a dissociation of the molecular 
complexes. In the case of salts, however, it is now seen that this 
is far from being true. Even apart from the association of iso- 
butyl- and diethyl-ammonium chlorides in the solvent acetonitrile, 
pronounced association occurs in phenol, isoamyl alcohol, dimethyl- 
ethylcarbinol, and acetic acid, whilst it is not absent, as already 
shown, in ethyl alcohol and acetone. Simplification of the mole- 
cular size only occurs, in fact, if the associated solvent possesses a 
high dielectric constant, and this is, apparently, the chief criterion. 

Before drawing a final conclusion as to the closeness of the 
relationship between the dielectric constant of the solvent and the 
molecular weight of a dissolved salt, it will be necessary to consider 
two other important factors. 
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‘The Effect of the Solute. 


In a previous communication (Turner, Joc. cit.) it was proved 
that the variation of degree of association of salts of organic 
ammonium bases depended on two factors, namely, the base and 
the acid. 

(1) In a series of similarly constituted salts, the degree of 
association decreases with increase in the mass of the base. Thus, 
decrease occurs in passing from di- to tri-ethylammonium chloride, 
but the tetrasubstituted salts do not follow in order, and must be 
compared amongst themselves. 

(2) For similarly constituted salts, increasing degree of associa- 
tion is found in the order chloride, bromide, iodide, nitrate. 

On the whole, the present, more extensive investigation con- 
firms these two rules. Rule (2) for chlorides, bromides, and iodides 
holds good almost without exception, not only for molecular 
weights greater, but also for those lower, than the normal, thus 
furnishing additional evidence of the relationship between dis- 
sociation and association. A comparison of triethylammonium 
chloride, bromide and iodide, and tetraethylammonium chloride, 
bromide and iodide, will make this clear. 

Chlorides may, however, behave exceptionally. Thus, in aceto- 
nitrile, instead of being dissociated, isobutyl- and diethyl- 
ammonium chlorides are strongly associated. It is quite possible 
that if a solution of these chlorides could be prepared in nitro- 
benzene, association would also be found in this solvent. Our 
suggestion of this is based on the known high degree of association 
of hydrogen chloride in nitrobenzene (Beckmann and Lockemann, 
Zeitsch. physikal. Chem., 1907, 60, 385) and in formic acid (Zan- 
ninovich-Tessarin, Zettsch. physikal. Chem., 1896, 19, 253). Such 
examples prove that the relationship between dielectric constant 
and molecular weight for solvents of high dielectric constant does 
not hold without exception, and that the nature of the solute must 
also be taken into account. 


The Effect of Temperature. 


In addition to the effect, already noted, of temperature on 
dielectric constant, temperature variation may of itself affect the 
molecular size, tending, as with gases, to bring about a decrease 
in the degree of association. Strictly, therefore, the different solu- 
tions ought to be compared at the same temperatures. The fact 
that such a comparison cannot be carried out must be remem- 
bered in considering the results already presented, for it is quite 
possible that some of the small deviations in the table, such as 
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those evident on comparing acetic acid and isoamyl alcohol, may 
be due to the difference (more than 100°) of the experimental 
temperatures. 

The effect of temperature might be determined if the only 
factors in operation were: (1) the effect of temperature in reducing 
the dielectric constant, and (2) that of dielectric constant on the 
molecular weight; (3) that of temperature on molecular size 
directly. If the factors (1) and (2) were known, (3) might be 
determined. 

From our measurements with water and acetic acid it is possible 
to gain some insight into the effect of temperature. We have, for 
example, 


Triethylammonium Chloride in Water. : 


Aa. R;. 
At 0°* 0-56 87, 
At 100° 0-54 66 09° 


* Deduced from the results of Turner and English (this vol., p. 1777). 


Tetraethylammonium Bromide in Acetic Acid. 


As. K.. 
At 16-6° 2-51 6-3 
At 118° 1-63 ? 


In both cases, despite the decrease in the dielectric constant of 
the solvent, increase of temperature brings about a distinct lower- 
ing of the degree of association. 

That the nature of the solvent, and not the temperature only, 
is, however, a very real factor, is evident at once when comparison 
is made at or near the same temperature. This can be carried 
out in the following cases: 


Tetraethylammonium TIodide. 


Solvent. Temperature. A,;. 


5 t 
Nitromethane .................0008 101-0° 0-66 39-4. 
Water POH e eee eee eeseseeeeeeeseeeeees 100-0 0- 66 66-0, o¢° 
MID S.cadcncsvcctcecsovecss 98-0 0:77 22+ Boge 
 Acetonitrile.........cc.ccsseeeeeeeee 81-5 0-70 31-7.).5° 
Ethyl alcohol ..............sece00e 78-0 0-99 18-0, ' 


Chloroform ..........ccescseresseveees 61-2° 2-53 4-135). 
Diphenylamine.................00s0+« 51-0 1-98 3°35)° 
MR candlsssizestecsacdecccscesoecs 48-2 1-20 13-6 50° 


i=7) 
S 


6 


It has been stated above that the effect of temperature might \ 
be more accurately determined if the only other factor influencing 
the molecular weight at a fixed concentration were the dielectric 
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constant. It has already been pointed out, however, that for 
solvents of high dielectric constant (for example, acetonitrile) 
another factor, namely, the nature of the solute, may play a part. 
Further, the effect of the solvent cannot wholly be referred to its 
dielectric constant when the latter has a low value. Compare, for 
example, chloroform and bromoform, two solvents of closely similar 
constitution. Diphenylamine, also, does not permit so high a degree 
of association as chloroform, in spite of the fact that not only its 
dielectric constant, but the temperature at which it was used, are 
both lower than with chloroform. We must, in fact, recognise that, 
apart from its dielectric character, a solvent exerts a specific effect 
depending on its constitution in a manner as yet unknown. 


General Conclusions. 


(1) Salts must be regarded as associated substances, much more 
so than organic substances containing hydroxyl or other complex- 
producing group. 

(2) The molecular weight of a dissolved salt depends mainly on 
the dielectric constant of the solvent, being high in solvents of 
low dielectric constant and low in those having high dielectric 
constant. Association of a salt becomes noticeable, as a rule, in 
solvents of dielectric constant less than 18:0. 

(3) Molecular association and electrolytic dissociation are part 
of the same general. phenomenon. 

(4) Deviations from the rule embodied in (2) may occur, due 
both to the specific influence of the solute or the solvent. Devia- 
tions from the second cause are to be found most prominently 
among solvents of low dielectric constant. 

(5) Temperature has a considerable influence on the molecular 
weight of a salt in solution. 

(6) Simplification of the molecular state of an associated sub- 
stance does not occur on solution in an associated solvent unless 
the solvent has also a high dielectric constant. 


ExPERIMENTAL. 


The salts were purified, dried, and analysed by methods similar 
to those already described (Turner, loc. cit.). 

The boiling-point determinations were carried out in most cases 
in apparatus of our own design, apparatus A (Turner, T., 1910, 
97, 1184) or apparatus B (Turner and Pollard, P., 1913, 29, 349). 
Where only small quantities of solvent were available, the Beck- 
mann process was employed. The freezing-point apparatus 
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used was of the closed type devised by Beckmann, provided with 
an electromagnetic stirrer. 

For the recalculation of Walden’s data to our own standard 
concentration, we employed the densities quoted by him. For 
succinonitrile (Bruni and Manuelli, Joc. cit.), the density at the 
melting point, D#*, was calculated from values quoted for other 
temperatures by Walden (Zeitsch. physikal. Chem., 1910, 75, 573), 
and found to be 0°9915. 

In setting out the results, we have made use of the fact that, in 
a large number of cases, the variation of molecular weight is, 
within the limits of experimental error, a linear function of the 
concentration (compare Turner, Joc. cit.). In such case, only the 
limiting values are recorded, since values at intermediate con- 
centrations can be obtained from the curve. Where the linear 
relationship apparently does not hold, the determinations are given 
in detail. In the tables, 

N=number of milligram-molecules of substance, calculated on 

the basis of the simple formula, per 100 c.c. pure solvent, 

?=grams of substance per 100 grams of solvent, 

C=molecular freezing-point depression or boiling-point elevation, 

#%=number of observations on which the linear relationship is 

based. 
M,;=molecular weight at the standard comparison concentration. 


Botling-point Measurements in Water. 
Apparatus A. Constant=5°20. Density at boiling point, 
D}”=0°9587. 
Diethylammonium Chloride (M.W.=109'6). 
N. n. M.W. A, M,;. 
73-5—30-2 6 68-08—67-38 0-62—0-61 67-0 


Triethylammonium Chloride (M.W.=137'6). 
50-2—25-47 6 81-51—74-10 0-59—0-54 74-6 


Triethylammonium Bromide (M.W.=182°0). 
62-9—18-7 7 118-4—109-1 0-65—0-60 115-0 


Triethylammonium Iodide (M.W.=229°0). 
52-7—24-4 5 144-0—120-0 0-63—0-52 120-0 


Tetraethylammonium Chloride (M.W.=165'6). 
48-0—-18-9 7 101-3—93-9 0-61—0-57 97-0 


cena > sstlilainsscostsaiadllttel Fe 
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Tetraethylammonium Bromide (M.W.=210'1). 


N. ne M.W. A. Mos. 
56-4—17-7 5 134-0—126-0 0-64—0-60 128-0 
12-7 117-4 0-56 


Tetrapropylammonium Iodide (M.W.=313'1). 
32-6—11-6 6 223-5—164-8 0-71—0-53 204-0 


L'etrapropylammonium Nitrate (M.W.=248'4). 
35-5—16-8 5 182-6—150-8 0-73—0-61 173-0 


Quinoline Ethiodide (M.W.=285°0). 
51-6—18-0 8 225-8—148-2 0-79—0-52 177-0 


Phenylethylammonium Chloride (M.W.=157'6). 
42-4—20-7 6 100-0—88-1 0-63—0-55 92-1 


isoButylammonium Chloride (M.W.=109°6). M,;=56°0. 
WN ccccece 119-0 = 102-1 81-6 67-1 61-6 51-4 47-4 28-7 
M.W. 67-61 66-51 65:25 65°51 64:89 63-53 62:30 57-39 
T'etraethylammonium Iodide (M.W.=257'1). M,,=171. 


BT scovccscecccosccceccosconeses 32-1 28-5 26-5 22-9 19-7 
MEW.  cecccccccscccccccccscecs 171-2 174-1 172-5 166-1 154-7 


Freezing-point Determinations in Formic Acid. 


The formic acid employed was Kahlbaum’s purest, dried and 
distilled under diminished pressure, and then fractionally frozen, 
only samples freezing at 8°4° or above being accepted. A density 
determination at 9° gave Dj 1°2338; C=27°70 (Zanninovich- 
Tessarin, Zeitsch. physikal. Chem., 1896, 19, 253). 


Diethylammonium Chloride (M.W.=109°6). M,;=75. 

BH crscocccscccccssccsccccvccsece 12-5 27-3 48-3 55-0 
MLW.  ccccccccccccccccccceeees 79-4 75-0 75-4 78-1 
Triethylammonium Chloride (M.W.=137°6). M,,=93°2. 

BM scsccccccecccccsscscccscsscoes 4-55 8-44 20-6 36-7 
MLW.  nccccccccccccccccecseces 93-8 93-1 92-1 93-8 
Triethylammonium Iodide (M.W.=229'0). 


N SCOOT Ode eO HEHEHE OSS ELEEHEEE SOTO O EH EEEEEE® 7-38 
MLW. cccrcccccccscece isansescsecuneiascabene 180-8 


VOL. CV. 
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Tetraethylammonium Iodide (M.W.=257'1). M,;=176'1. 


BV ncccccccccccccvccccccccccccces 12-8 19-8 26-4 37-4 
MLW.  ccccccccccccsccccccscees 171-8 170-3 177-3 186-1 


Tetrapropylammonium Iodide (M.W.=313'1). M,;=230. 


BW ncccccccccceccosscccoccscsescs 3-63 7-58 17-0 29-9 
MLW.  ccccccccccccccsccccccees 182-1 166-4 229-4 230-6 


Freezing-point Determinations in Nitrobenzene. 
[With Watrer RecinaLtp GarratrT.*] 


The molecular depression of freezing point found for this solvent 
by several workers lies in the neighbourhood of 69 or 70. Thus, 
Raoult (Ann. Chim. Phys., 1884, |vi], 2, 66) found 70°5, Ampola 
and Carlinfanti 69°0 (Gazzetta, 1896, 26, 76), whilst Auwers 
(Zeitsch. phystkal. Chem., 1899, 30, 300) arrived at the value 70°0. 
Hansen (Zeitsch. physikal. Chem., 1904, 48, 593) called attention 
to the difficulty of freeing nitrobenzene from the last traces of 
moisture, but was able to do so by prolonged boiling or by thorough 
drying over potassium hydroxide and sulphuric acid. More 
recently Beckmann and Lockemann (Zeitsch. physikal, Chem., 
1907, 60, 385) stated that nitrobenzene is very susceptible to the 
presence of traces of moisture, and that by passing a stream of 
air, dried by frequently renewed phosphoric oxide, through the 
liquid for several days, both its freezing point and the molecular 
depression, as tested by iodine and benzil, were raised, the de- 
pression constant attaining a value of about 80, but falling in 
some cases as the concentration was increased, an effect possibly 
to be explained by contamination with traces of moisture. 

Our own experiments indicate that the properties of this solvent 
may vary according to the mode of treatment, and that the de- 
pression constant varies slightly with the solute, but we have not 
obtained values of the depression constant approaching 80. 

Kahlbaum’s purest nitrobenzene was distilled over phosphoric 
oxide, and the distillate fractionally frozen, the best samples freez- 
ing at 5°66°. This material was preserved over phosphoric oxide 
in an exhausted desiccator for fourteen days, and a determination 
then made of the molecular depression, using diphenylamine, of 
constant melting point and thoroughly dried over phosphoric oxide, 
as the solute. As a mean value, (=68°52 was found. 

The remainder of this same sample of solvent was then placed 
over phosphoric oxide in a desiccator, and a slow stream of air 


* The names of Messrs. Garratt, Haller, and Cauwood occur under each solvent on 
which they carried out measurements, 
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drawn through the liquid after passing through sulphuric acid, 
solid potassium hydroxide, and a 30 cm. tube of phosphoric oxide, 
which was charged every two days. After fourteen days, the 
freezing point rose at most 0°02° during the succeeding five weeks, 
during which the molecular weights of the salts were measured, 
and the two following values of the depression constant found : 


Diphenylamine (M.W.=169'1). 


P. C (extremes). C (mean), 
1-722—4-305 70-21 and 68-63 69-26 


Naphthalene (M.W.=128'1). 
1-659—5-984 67-42 and 65-22 66-16 


After a further period of drying with a current of air for 
several days, another determination with diphenylamine led to a 
mean value of C=69°37, in excellent agreement with the former 
value. 

The nitrobenzene was now distilled under diminished pressure, 
and the constant again determined with diphenylamine and 
methylacetanilide, leading to mean values of 69°61 and 67°92 
respectively. 

Other methods of treatment, such as repeated distillation from 
phosphoric oxide, followed by fractionation under diminished 
pressure, did not raise the value of the depression constant ; indeed, 
the value fell. In the last experiment, nitrobenzene, after treat- 
ment by the foregoing processes, was fractioned under diminished 
pressure from phosphoric oxide, with a fine stream of air dried 
by phosphoric oxide passing through it, and the middle portion 
collected directly in the freezing-point tube. This method gave 
the sample of the highest freezing point obtained, namely, 5°75°, 
but its depression constant with diphenylamine was, on the other 
hand, the lowest obtained, the five values ranging from 64°83 to 
65°97. The colour of the diphenylamine in this solution appeared 
to be brown rather than red—the colour possessed by the previous 
solutions. Hansen’s best sample had a freezing point of 5°72°. 
Beckmann and Lockemann do not quote their values. 

Experiments were also made on the effect of water on the freez- 
ing point of nitrobenzene, with the following result: 


Water (M.W.=18). 
Solvent, 26°00 grams. 


We As M.W. 
0-0126 0-143 23-5 
0-0226 0-293 20-7 

Saturated 0-483 eo 


y 2 


uN 
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From these numbers, a saturated solution, assuming constant 
molecular weight of water, contains only 0°14 per cent .of moisture, 
and it seems difficult to believe that minute amounts of water left 
after exhaustive drying as above can be the cause of the variation 
of the depression constant. 

It seemed best, in the calculation of the molecular weights of 
the salts, to use the depression constant determined with the same 
sample of solvent as was used for the salts, and the mean value 
of C=69°48 deduced under this condition (for diphenylamine) 
was accordingly employed. 

A determination of the density led to the value D, 1°2172. 


Tetrapropylammonium Iodide (M.W.=313°1). Moy,=(254). 


EF ertqccsnsecsaccscecacosescesesece 1-507 3°29 4-44 
MEW. sscsesescvecsccereevecesece 179-2 194-2 201-4 


Tetrapropylammonium Nitrate (M.W.=248'4). M.;= (236). 


FF sactecveresoveverecsoscccosceocees 2-00 4-22 6-22 
MMW. cccceccoccccccccscscocescce 152-4 168-4 181-7 


Quinoline Ethiodide (M.W.=285'0). 


SF dcdiminiatetmetnmencnnvesetbecese 1-173 2-06 2-82 
BEL We ccccccccccccccccccccccccces 254-0 217-0 219-0 


In all cases where the solvent was not distilled into the freezing- 
point tube, the transfer of solvent was carried out in a drying 
oven. 

Despite its high dielectric constant, nitrobenzene is a poor solvent 
for salts (compare acetone). Only the three above are sufficiently 
soluble for practical purposes, and even here the value M,, lies 
quite outside the solubility limit, so much so that with quinoline 
ethiodide extrapolation was not attempted. A trace of the 
ethiodide was found undissolved at the end of the experiment, and - 
the final measurement contains an error on this account. 


Botling-point Determinations in Acetonitrile 


[With Percy Hatzer.] 


Kahlbaum’s acetonitrile was dried over phosphoric oxide and 
fractionated. The Beckmann apparatus was used. Constant=13°30 
(Walden, Zeitsch. physikal. Chem., 1906, 55, 281). D?* 0°7155 
(Walden, tbid., 1909, 65, 129). 
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isoButylammonium Chloride (M.W.=109°6). 


N. th. M.W. Mos, 
20-6—71-8 4 238-0—395-8 248-0 


Diethylammonium Chloride (M.W.=109°6). 


14-9—45-3 3 151-9—228-1 184-5 
60-5 213-0 


Tetrapropylammonium Iodide (M.W.=313:'1). 
5:71—22-7 4 168-2—185-9 188-5 


Tetrapropylammonium Nitrate (M.W.=248'4). 


6-77 147-9 
13-7—27-8 3 147-3—156-1 155-0 


Boiling-point Determinations in Ethyl Alcohol. 


Absolute alcohol was thoroughly dried over pure lime and 
fractionally distilled into samples of 0°02° difference in boiling 
point. 

Density at boiling point, 0°7389 (Beckmann, Zettsch. physikal. 
Chem., 1890, 6, 472). Boiling-point constant, C=11°70 (Beck- 
mann, Fuchs and Gernhardt, Zeitsch. physikal. Chem., 1895, 18, 
473). 


isoButylammonium Chloride (M.W.=109°6). 

N. n. M.W. Mos. 
163-6—29-2 5 116-4—110:8 109-5 

Diethylammonium Chloride (M.W.=109°6). 
122-8—24-1 8 121-3—109-5 110-0 


Triethylammonium Chloride (M.W.=137'6). 
94-4—37-3 5 124-0—126-5 125-0 


Triethylammonium Bromide (M.W.=182°0). 
121-9—34-4 6 192-2—171-1 170-6 


Triethylammonium Iodide (M.W.=229°0). 
81-4—23-7 5 272-6—250-2 251-0 


Tetraethylammonium Chloride (M.W.=165'6). 
54-5—21-8 6 146-3—150-8 151-0 
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Tetrapropylammonium Nitrate (M.W.=248'4). 
N. ne M.W. Mos. 
48-7—9-01 8 230-0—198-0 220-0 
Phenylethylammonium Chloride (M.W.=157'6). 
96-6—30-3 6 192-8—169-2 167-0 


Tetraethylammonium Bromide (M.W.=210°1). M,,=186°0. 


DD -ssecces 59-2 45-5 34-3 27-6 22-3 16-9 13-6 10-7 
M.W. ... 1891 191-5 196-6 188-9 184-8 178-5 184-5 177-1 


Tetraethylammonium Todide (M.W.=257'1). M,y,;=255°0. 


) 


Ie ccnsvaccntnaneassocasovcecocce 49-7 36-9 28-2 26-3 21-8 
Bh. Wosesecccccccccccsccoccccoces 319-3 75-6 261-4 255-7 251-8 


Tetrapropylammonium Iodide (M.W.=313'1). M,,=308. 
BD cesecesecccccecccessesecs 47-9 30-8 23¢7 19-2 170 14-8 
Gis Ww vevcccesccosssesssese 325-9 314-0 306-4 293-0 292-1 290-0 
Quinoline Hthiodide (M.W.=285°0). M,,=312. 


BM ccccces 41-1 27-5 27-2 20-6 17-2 11-9 9-60 8-06 
M.W..... 360-4 317-6 320-8 299-5 282-0 263-1 242-4 219-1 


Boiling-point Measurements in Acetone. 


The acetone was worked up from a good commercial sample by 
thorough drying and fractionally distilling into samples differing 
only 0°02° in boiling point. 

Apparatus A was employed. Boiling-point constant, 17°00. Den- 
sity of acetone at boiling point, 0°7518 (Beckmann, Joc. cit.). 


Tetrapropylammonium Iodide (M.W.=313'1). M,,=360. 
WV wcccccccscccccccscccccccccscce 17-3 13:3 9-48 7-97 
Th, We. ccccccccccseccccsccccces 329-4 308-9 291-9 284-0 
Tetrapropylammonium Nitrate (M.W.=248°4). M,,=285. 


BW ncecccccccscesecccscooes 57-1 42-7 33:8 28-1 24-0 20-7 
MLW. ccocccccccccccccees 342-3 323-0 294-9 293-7 282-9 268-7 


The value of M,, for tetrapropylammonium iodide has been 
obtained by extrapolation a little beyond its solubility limit. All 
the other salts mentioned in this investigation are so sparingly 
soluble in acetone as to render molecular-weight determinations 
impossible. At the same time, the sparing solubility in acetone 
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furnishes abundant evidence of the fact that solubility does not 
depend very closely on the dielectric constant of the solvent, since 
diphenylamine, p-toluidine, acetic acid, chloroform, bromoform, and 
phenol, all of considerably lower dielectric constant, are much more 
effective solvents (Turner and Bissett, this vol., p. 947). 


Freezing-potnt Determinations in Phenol. 


Commercially pure phenol was distilled, and the middle portion 
of constant boiling point employed. Constant=74°00 (Eykmann, 
Zeitsch. physikal. Chem., 1889, 3, 203). The density at 43° was 
determined in a pyknometer described by Turner and Merry (T., 
1910, 97, 2073), and found to be Dj’ 1°0543. 


isoButylammonium Chloride (M.W.=109°6). 


N. Ne M.W. My, 
16-8—42-7 3 136-0—137-4 136-0 
53-3 145-3 


Diethylammonium Chloride (M.W.=109°6). 
7-65—43-6 4 137-7—136-6 136-0 


Triethylammonium Chloride (M.W.=137°6). 

8-92—32:05 - 3 148-4—149-0 149-0 
42-8 153-5 
Triethylammonium Iodide (M.W.=229°0). 

8-93—29-0 4 279-5—301-3 294-0 


Tetraethylammontwm Iodide (M.W.=257'1). 
7-24—30-5 4 296-9—317-1 316-0 


Tetrapropylammomum Nitrate (M.W.=248'4). 
5-05—28-3 4 288-4—312-4 316-0 


Triethylammonium Bromide (M.W.=182'°0). M,,=223. 


FF scccrsccmcsesnsoesiniasionanen 6-64 13-4 24-5 35-4 
MLW, cccccccicvccccccessceses 217-3 225-0 224-7 218-3 


Tetraethylammonium Chloride (M.W.=165'6). M,,= 203. 


OF sccnrnesannnisnngiamnanannen 5-73 12-6 23-8 31-1 
MEW. accsesesncccsescoaveces 194-8 206-0 205-6 198-5 


Tetrapropylammonium Iodide (M.W.=313'1). M,,=419. 


OF scasitnintsnenvithitnaiiiaiaiiaiid 6-58 11-9 16-8 29:1 
413-8 421-7 418-9 
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Botling-point Determinations in Pyridine. 


Kahlbaum’s purest material was kept for some time over 
potassium hydroxide, and then distilled from the same dehydrating 
agent through a fractionating column. 

Dj* =0°8777, calculated from Dj* as given by Schiff (Ber., 
1886, 19, 566), and values at lower temperatures found by Perkin 
(T., 1889, 55, 701). 

The Beckmann apparatus was used. Constant=27°10 (Walden 
and Centnerszwer, Zeitsch. physikal. Chem., 1906, 55, 324). 


Diethylammonium Chloride (M.W.=109°6). M.,=201. 


FF cececcscececscscocceseoscccoee 8-30 23-7 38-4 53-2 
Tee cccosacesivescesoccocese 122-3 200-6 212-9 227-7 


Triethylammonium Chloride (M.W.=137°6). M,,=175. 


BT cvccccccccccoscoscosccces 10-2 15-1 23-0 
MEW. cccccccccscccses : 141-9 153-6 170-9 


Walden and Centnerszwer (Zetisch. physikal. Chem., 1906, 55, 
281) made a determination, as far as its solubility permitted, with 
tetraethylammonium iodide as solute, obtaining values Mo.4,=315 
and M,.o,=351. From these values it is not possible to calculate 
that of A,;, but it is reasonable to assume that it would exceed 2. 


Freezing-point Determinations in Acetic Acid. 


Commercial glacial acetic acid was distilled over potassium per- 
manganate, and the middle portion dried over phosphoric oxide 
and redistilled. The middle portion from this second distillation 
was subjected to fractional freezing, only samples freezing above 
16°5° being accepted. The material used in the boiling-point 
measurements was further distilled into fractions differing but 
slightly in boiling point. Freezing-point constant = 39°00. 
Die 1°0546. 


isoButylammonium Chloride (M.W.=109°6). 
N. n M.W. M2; 
9-59—64-2 4 155-0—204-2 170-2 
Phenylethylammonium Chloride (M.W.=157°6). 
4-78—41-2 4 217-4—271-9 245-0 


Triethylammonium Iodide (M.W.=229'0). 
5-86—13-2 2 446-6—458-2 (476-0) 
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Tetrapropylammonium Nitrate (M.W.=248°'4). 


N. n. M.W. Mos. 
2-41 307-6 527:0 
6-54—23-7 4 422-4 519-0 
Diethylammonium Chloride (M.W.=109°6). M,;=179. 
TF ccacccorscrsceccssivenscasesdt 7-86 20-9 44-7 79-8 121-0 
MEW. cecncccccosessessoscosce 129-9 171-3 201-5 216-3 220-3 
Triethylammonium Chloride (M.W.=137°6). Mo,=214. 

TF scssscsanssrvesveccssonieenins 4-37 11-4 20-0 33-2 51-2 
WELW. cccccccccccccccnscesees - 156-5 179-0 207-8 221-5 229-9 
Triethylammonium Bromide (M.W.=182°0). M,,=327. 

BD sccccccvcsecccsconescoecsees oe 3-21 11-7 20-4 32-8 
MLW.  cccocccccccccccccscscese 227-4 276-4 312-2 350-4 
Tetraethylammonium Chloride (M.W.=165°6). My ,=380. 

Bi ecrccccccccecsovsscsceccceces 8-05 20-9 39-3 72-0 111-3 
MLW.  ccccccccccccccccccccoces 327-8 393-0 347-7 294-7 228-7 


Tetraethylammonium Bromide (M.W.=210'1). M,,;=527. 


WN cccocccccscsccscveccccscoscoes 5-36 14-7 27-5 42-2 
MEL. ccccescccccccscccsessose 255-1 398-7 555-0 580-3 


Tetrapropylammonium Todide (M.W.=313'1). M,,=1220. 
By . cncccoccevcesescccsosoccssosse 5-25 13-1 22-2 31-6 
MLW.  ccccccccecceccscosesoces 578-9 856-3 1195 1263 


Tetraethylammonium iodide and quinoline ethiodide are both too 
sparingly soluble to be used. Attention may be drawn to the 
behaviour of tetraethylammonium chloride. A maximum likewise 
occurs with this substance in phenol and in p-toluidine, and is 
most likely due to combination in each case with the solvent. 


Boiling-point Determinations. 
Apparatus B. Constant=25°30. Density at boiling point= 
0°9421 (Beckmann, loc. cit.). 
Triethylammomum Iodide. 


N. N. M.W. M,.. 
40-8—16-9 3 365-0—308-2 323-0 


Tetraethylammonium Bromide. 
26-0—13-8 3 352-1—216-1 


aes = 


1770 TURNER AND POLLARD: THE INFLUENCE OF 


Triethylammonium Bromide (M.W.=182'0). M,,=217°0. 


EF centadictnaetinrsavesanenesescenes 43-6 26-1 17-7 
MLW. 22... §6Sssebecesdcciveseces 230-7 219-5 191-2 


The measurements in boiling acetic acid were made to test the 
effect of temperature on molecular weight, but owing to slight 
decomposition which sets in at the temperature employed, their 
accuracy must be accounted less than at the freezing point. Of 
the three sets of values recorded, probably that with tetraethyl- 
ammonium bromide is the least affected by this error. 


Boiling-point Determinations in isoAmyl Alcohol. 


Kahibaum’s purest alcohol was dried for some days over 
anhydrous~ copper sulphate, and fractionally distilled like ethyl 
alcohol. 

Apparatus B. Constant=26°50 (Andrews and Ende, Zeittsch. 
physikal. Chem., 1895, 17, 136). Di*® 0°7154 (Schiff, Annalen, 
1883, 220, 102). 


isoButylammonium Chloride (M.W.=109°6). 
N. n. M.W. Moy 
62-6—19-3 4 185-8—173-8 174-0 

Diethylammonium Chloride (M.W.=109°6). 
45-1—11-6 ae 174-7—152-2 162-0 


Triethylammonium Chloride (M.W.=137°6). 
38-6—15-4 3 164-7—155-8 161-0 


Triethylammonium Bromide (M.W.=182°0). 
30-9—14-9 3 242-2—199-8 222-0 


Triethylammonitum Iodide (M.W.=229°0). 
44-7—14-5 +t 384-8—273-0 312-0 


Tetrapropylammontum Iodide (M.W.=313'1). 
30-4—13-4 3 679-0—627-2 665-0 


Tetrapropylammonium Nitrate (M.W.=248°4). 
28-0—9-22 6 450-4—348-0 431-0 


Quinoline Ethiodide (M.W.=285'0). 
23-4—-8-79 + 600-3—392-2 662-0 
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Tetraethylammonium Chloride (M.W.=165'6). 


BD icccsccrsccsoce coscscososveses 70-7 41-3 28-9 22-1 


DEW a seccsccscccsncsscssseses 173-6 211-3 228-1 218-6 


Tetraethylammonitum Bromide (M.W.=210'1). M,,;=326. 


BT scoccrecvesccosesessosescosonsses 34-5 20-1 13-8 
MLW... cnccceccsisccscssccdccocsoccess 326-3 327-8 312-7 


Tetraethylammonium LTodide (M.W.=257'1). Mpo,=480. 


DF ccnrcessconnonineneionstintan 24-3 14-6 10-4 7-73 
BW. cccsccccvcvcssssvscccoss 469-8 450-6 401-7 358-9 


Phenylethylammonium Chloride (M.W.=157°6). Moy,=265. 


WN cccccccccccccsccscescvoseooecs 50-0 29-2 18-6 14+] 
BEL. cccsavecescocscosccesese 270-3 266-1 274-9 320-9 


The anomalous results with phenylethylammonium chloride are 
most probably due to decomposition at the temperature of experi- 
ment (132°), the solution gradually becoming brown, and, at the 
end of the determination, yielding hydrogen chloride distinctly. 
The result with tetraethylammonium chloride, possibly also with 
the bromide, appears likely to be due to combination with the 
solvent (compare determinations in acetic acid). 


Boiling-point Determination in Dimethylethylcarbinol. 
[With Percy Hatcer.| 


Kahlbaum’s (tertiary amyl) alcohol was dried over anhydrous 
copper sulphate and distilled into fractions. 

The Beckmann apparatus was used. Constant= 22°55 (Beckmann, 
Fuchs and Gernhardt, loc. cit.). Dj"® 0°7241 (Schiff, loc. cit.). 


Diethylammonium Chloride (M.W.=109°6). M,;=136. 


FF scccccccesecovessseccescoosacsese 8-91 18-3 28-0 
EL. wcvcccecconcocceccccscocsse 111-7 127-4 139-0 


Freezing-point Determinations in Urethane. 
[With Watter RecinaLtp Garratt. ] 


The urethane was repeatedly crystallised from benzene until of 
constant melting point. 

The depression constant, 50°00, given by Eykmann (Zeitsch. 
physikal. Chem., 1889, 4, 497) was substantially confirmed by 
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determinations with methylacetanilide. With diphenylamine and 
naphthalene as solutes, the values of the constant fell with in- 
creasing concentration, a phenomenon we hope to investigate more 


fully. 
The density at the melting point was determined, and found to 


be Df? 1°0599. 


isoButylammonium Chloride (M.W.=109°6). 


N. n M.W. Mos. 
30-9—96-9 5 135-5—168-0 131-5 


Triethylammonium Chloride (M.W.=137'6). 
11-8—59-9 5 148-9—145-0 145-0 


Tetrapropylammonium Iodide (M.W.=313'1). 
3°77—24-2 5 231-5—339-3 342-0 


Tetrapropylammonium Nitrate (M.W.=248'4). 


13-6—37-9 3 264-2—264-8 
49-3 255-3 262-0 


Quinoline Ethiodide (M.W.=285°'0). 
3-08—15-2 5 246-1—315-9 (380-0) 


Diethylammonium Chloride (M.W.=109°6). Jf,;=140. 


BD .coccccccosccccsoccscoccocsces 14-5 32-2 52-6 67-3 86-2 
MLW.  ceccccccsccccceccccccese 131-2 144-6 154-2 159-7 161-9 


Tetraethylammonium Bromide (M.W.=210'1). M,;=218. 


NV wcccccccccccccccccccceccsccecs 18-1 26-7 40-3 55-6 
MW.  ccccccccccvccvccccesees » 215-0 224-7 216-3 214-8 


Freezing-point Determinations in p-Toluidine. 
[With Jonn Doveras Cauwoop.] 


p-Toluidine was recrystallised from light petroleum until the 
melting point remained constant (43°70°). The density at a 
temperature near the melting point was determined, the value 
being Di 0°9663. 

The molecular depression of freezing point had previously been 
determined by Eykmann, who found the value 51°1 (Zettsch. 
physikal. Chem., 1894, 4, 497) , and by Auwers and Mann (ibid., 
1903, 42, 516), whose figure was 53. The uncertainty of these 
values, and particularly the variations found by Auwers and Mann, 
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led us to new determinations, as below, each set containing five 
readings. 


Diphenylamine (M.W.=169'1). 


Grams per 100 grams solvent. C (extremes). (C mean). 
1-776—8-32 55-03 and 53-87 54:27 


Naphthalene (M.W.=128'1). 
1-232—6-36 55-22 and 52-32 53-49 


Benzil (M.W.=210'1). 


1-608—8-09 53-70 and 53-08 53-40 
General mean, C= 53-72. 


The ptoluidine slowly sublimed from the heated portion of the 
apparatus, and the true weight of solvent was determined by 
making experiments on the rate of sublimation and introducing 
a correction. 

pToluidine very readily dissolves salts of organic ammonium 
bases. 


isoButylammonium Chloride (M.W.=109°6). Jf,;=193. 


FF ccsccecccceccccesssonioonssans 20-0 39-4 54-4 68-1 87-7 
TEL We - ceccseccsccesoceseresese 188-5 205-7 217-2 220-0 220-3 


Diethylammomum Chloride (M.W.=109°6). M,;=170. 
FF covecsvonnmecstiaseeendapens - 128 29-9 43-6 60-9 75-6 
STE s  ensnsesontenanenonsnntes 155-3 173-6 183-3 183-8 189-2 
Triethylammonium Chloride (M.W.=137'6). M,;5155. 


FF ccrenrrinimssmnenioniamnnias 14-1 30-0 46-4 64-7 76-7 
MLW.  ncccccccccsccccscccccees 155-7 154-8 149-6 145-5 138-5 


Triethylammonium Bromide (M.W.=182°1). M,;=208. 


FF cennsininnncsesswovanianemians 9-21 18-3 30-2 42-5 54-1 
Ee wevecvecsccesnconessnnse 186-3 199-0 216-9 220-3 222-5 


| Tetraethylammonium Chloride (M.W.=165°6). M,,=159. 


FF .ccrostnsntivernnseseesisiain ° 8-46 25-2 41:5 48-9 59-8 

DEOMI, essusnensnienmensieasiine 132-0 159-2 161-0 156-5 154-4 
Tetraethylammonium Bromide (M.W.=210°1). M,;=340. 

WF  sishiahtessindatshttatadsondil 8-17 15-5 22-6 30:7 37-6 


390-0 343-5 314-7 282-9 
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Tetraethylammonium Iodide (M.W.=257'1). My,=374. 


EF cubsscbalenpesasccsetosctnsses 5-75 11-0 16-9 23-3 28-7 
PNT  dksaneunsedtnntbasscnses 410-1 413-6 404-4 383-9 358-0 


Tetrapropylammonium Iodide (M.W.=313°1). My,=415. 


DP akertsiteasavssacsasesciccess 7:33 14-4 21-8 29-8 36-8 
BEL. ccccncsesscqescccoccoces 370-0 441-3 423-1 412-6 389-0 


Tetrapropylammonium Nitrate (M.W.=248°4). M,,=375. 


BF ccaccendassceponsseccocscoces 6-71 14-0 20-4 29-5 39-6 
MLW.  ccccccccccccccccccescces 381-9 417-7 399-1 349-4 310-6 


Quinoline Ethiodide (M.W.=285'0). M,,=474. 


ME tsinagaddcettennccessestaseins 4-31 8-58 14-8 21-9 29-0 
MPU Medignisaisiecescsdccccs 398-1 427-2 450-5 470-1 477-3 


Phenylethylammonium Chloride (M.W.==157'°6).  M_;=95°9. 


IF cncsncsensreiesseosstesacccese 7-07 19-1 26-5 37-9 47-1 
BELW.  cncccccsccccsccccccccces 88-5 93-5 96-3 96-7 98-2 


Freezing-point Measurements in Diphenylamine. 


Commercially pure diphenylamine was recrystallised from light 
petroleum until of constant melting point. Its density, determined 
as with phenol, was D* 1°0573. 

Eykmann (Zettsch. physikal. Chem., 1889, 3, 203) found the 
depression constant to be 86°0. From our measurements, recorded 
below, we believe this value to be too high. 


Benzil (M.W.=210'0). 


P. Ne C (extremes). C (mean). 
0-816—7-153 6 85-65 and 80-61 82-25 


Naphthalene (M.W.=128'1). 
0-953—6-315 5 84-77 and 83-13 83-74 


Methylacetanilide (M.W.=149°1). 
1-308—6-187 5 87-58 and 86-22 87-10 


Another series with naphthalene gave a mean value of 82°87, 
which, with the above series, led to a general mean of 83°99. 
m-Dinitrobenzene gave values of the molecular lowering decreasing 
with increasing concentration, as follows: 
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m-Dinttrobenzene (M.W.=168'0). 


PP idscsiasccias 1-266 2-376 3-811 5-377 6-570 
WP vtdcccvadenees 90-38 86-64 82-08 80-99 80-53 
Mean = 84:12 


A second similar series yielded the value 84°08, but neither was 
taken into account in deducing the general mean, which was taken 


as 84:0. 
Diethylammonium Chloride (M.W.=109°6). 
N. ne M.W. Mos. 
6-66—30-1 3 196-5—223-1 217-8 
36-5 229-4 
Triethylammonium Bromide (M.W.=182°0). 
7-19—35-1 4 206-4—313-4 285-0 
Triethylammonium Iodide (M.W.=229°0). 
3-11—33-2 4 215-1—452:1 422-0 


Triethylammonium Chloride (M.W.=137°6). M ,=183°0. 


DD cttiritvinvioninnnianiapiens 6-03 20:3 32-8 56-7 
TE, ccccccccccescoecoseseees 144-7 175-3 193-6 205-2 


Tetraethylammonium Iodide (M.W.=257'1). M,,=1290. 


TF scncsnumneensciowivedsianannn 7:18 13-5 22-4 27-9 45-6 
TEs cccssssresssnacsconsens 934-0 1014 1414 1173 949-0 


ain a 


Tetrapropylammonium Iodide (M.W.=313'1). M,;=1395. 


FF cciccsvesstncrvonssmnsmnnbies 8-99 13-3 24-4 
Tis canccacesseneenensonbias 1300 1283 1394 


Tetrapropylammonium Nitrate (M.W.=2484). M,,=988. 


FD cisopansconenintobsiaseionvasiontt 4-34 12-6 25-8 
BET  acensncsecsnenenensatoosecs 627 962 990 


The tetraethylammonium iodide series contains a maximum point, 
as is also the case when the salt is dissolved in p-toluidine. 


The Dielectric Constants. 


Several of the values have either been determined for the first 
time, or, where previous investigators have been content to make a 

single determination at the ordinary temperature, new values have 
been obtained over a range of temperature. The new measurements 
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will be published shortly. For other substances, we have utilised 
data from a variety of sources. 

Water.—Thwing (Zeitsch. physikal. Chem., 1894, 14, 286) made 
determinations up to nearly 80°, from which Kyiy.=54. His 
values at lower temperatures, however, differ distinctly from those 
of other workers (Ratz, ibid., 1896, 19, 94; Drude, idid., 1897, 
23, 305, and others). We were therefore limited to the experi- 
ments of Ratz over the range 4° to 30°, from which we calculated 
K so99 = 66, with a probable error of one or two units. 

Formamide.—>84. Walden (Zeitsch. physikal. Chem., 1905, 54, 
179). 

Succinonitrile.—61°3,).. Schlundt (J. Physical Chem., 1901, 5, 
157). Walden (loc. cit.) gives 57°8. 

Formic Acid.—58°5,,. Drude (loc. cit.). Dobroserdov (J. Russ. 
Phys. Chem, Soc., 1911, 48, 111) gives, for wavelength A=60 cm., 
47°87 ig.59. 

Nitrobenzene.—40°0,.. From combined results of Abegg and 
Seitz (Zettsch. physikal. Chem., 1899, 29, 242), and Walden (zbid., 
1910, 70, 569). 

Nitromethane.—-39'4,. Walden (loc. cit.). The boiling point is 
101°, but data for the calculation of Ko). are insufficient. 

Acetomtrile.—31°7.;.;.. Calculated from Walden’s data (loc. 
cit.) on the assumption that the temperature-coefficient of X is 
much the same as for propionitrile. 

Proqionitrile.—22'59,.. From a curve of Walden’s data. 

Methyl and Ethyl Alcohols —21°Ogg- and 18°0,,. respectively, both 
from a curve combining Abegg and Seitz’s and Walden’s data, 
which agree well when plotted. 

Acetone.—17°0;,.. From Abegg and Seitz and Walden. The 
two sets do not agree well, and we have utilised Walden’s at 
temperatures above 0°. 

Sulphur Dioxide.—14'0...  Eversheim (Ann. Physik, 1902, [iv], 
8, 539). 

Urethane.—13°64. Schlundt (loc. cit.). 

Phenol.—9°68,,-. Drude (loc. cit.). 

Methylene Chloride.—8°3. Walden (Bull. Acad. Sci. St. Péters- 
bourg, 1912, [vi], 1055). 

Acetic Acid.—6'3,,. Drude (loc. cit.). 

We have much pleasure in acknowledging the assistance which 
a grant from the Government Grant Committee of the Royal 
Society gave us in the purchase of materials used in this investiga- 
tion. 

CHEMISTRY DEPARTMENT, 
THE UNIVERSITY, SHEFFIELD. 
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CLXVII.—The Molecular Weights of Some Salts of 
the Alkali Metals and an Account of the 
Compounds of these Salts with the Alcohols. 


By Witiiam Ernest StepHen Turner and Crettyn CoLcRravr 
BISSETT. 


TuE results of the investigation on the influence of the solvent on 
molecular weight (Turner, Pollard and others, preceding paper) 
enable us now to interpret molecular-weight measurements on salts 
of the alkali metals in solution. 

Previous measurements on salts, mainly haloid salts, of the alkali 
metals have been made in ethyl alcohol (Beckmann, Zeitsch. 
physikal. Chem., 1890, 6, 437), n-propyl alcohol (Schlamp, ibid., 
1894, 14, 279), in isoamyl alcohol (Andrews and Ende, ibid,. 1895, 
17, 144), in formic acid (Zanninovich-Tessarin, ibid., 1896, 
19, 251), in acetic acid (Zanninovich-Tessarin, loc. cit., and Ley, 
tbid., 1897, 22, 81), in sulphur dioxide (Walden, Ber., 1899, 21, 
2862, and Walden and Centnerszwer, Zeitsch. physikal. Chem., 
1902, 39, 513), in bismuth trichloride (Riigheimer and Rudolfi, 
Annalen, 1905, 389, 311), in mercuric chloride (Beckmann, 
Zeitsch. anorg. Chem., 1907, 55, 175), in iodine (Beckmann, ibid., 
1912, 7'7, 200, 275), in salt hydrates (Morgan and Benson, J. Amer. 
Chem. Soc., 1907, 29, 1168; Morgan and Owen, ibid., 1907, 29, 
1439), in formamide (Walden, Bull. Acad. Sci. St. Pétersbourg, 
1911, [vi], 1055), in succinonitrile (Bruni and Manuelli, Zezétsch. 
Elektrochem., 1905, 11, 861), in acetone, although no figures are 
quoted (Dutoit and Friderich, Bull. Soc. chim., 1898, [iii], 19, 321), 
in hydrogen cyanide (Lespieau, Compt. rend., 1905, 140, 855), and 
in water by a number of investigators (compare Landolt-Bérnstein 
“ Tabellen ”’). 

Following the plan previously adopted (Turner and Pollard, 
loc. cit.), we have, for potassium iodide and lithium chloride—the 
two salts which have been most frequently tested—worked up the 
available data into a table in which the degree of association at the 
standard concentration of 25 milligram-molecules per 100 c.c. of 
solvent is compared with the dielectric constant at or near the 
temperature of the molecular-weight determination. The values of 
the density used in the calculation are given in most cases, either 
in the previous communication or in later tables in this paper. 
iFor n-propyl alcohol, the value D{’? 0°7366 (Schiff, Annalen, 1883, 
‘220, 201) was used; for iodine, Dj* 3°979. Of the dielectric 
‘constants, most have previously been given, whilst those of n-propyl 
VOL. CV. 5 Z 
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and isobutyl alcohols have been calculated from the measurements 
of Abegg and Seitz (Zeitsch. physikal. Chem., 1899, 29, 242). 
That of bismuth chloride is unknown, but it is almost certain to 
be high when one compares the dielectric constants of the tri- 
chlorides of the analogous elements, namely, 

PCl,. AsCl,. SbCl. 

3-72 12-6 33°2 


That of iodine is taken from Landolt-Bérnstein ‘‘ Tabellen.”’ 


Degree of Association at Concentration of 25 Milligram-molecules 
per 100 c.c. of Solvent. 


Solvent. Temp. Ki. KI. LiCl. 
Hydrogen cyanide ............. (—14°) ca 95 0-50 — 
WORMIGEIIES 6 ccscctcccsscscccccces 2° > 84:0.9° 0-52 —_— 
TE datindescccsedsasvecevccssees 0° 87-0,° 0-53 0-53 
Succinonitrile  ................66. 54-5° 61-340 0-81 —_ 
SD BIE nba ksncaccseticesesccs. 8-5° 58°5.¢ — 0-76 
Bismuth trichloride ............ 447° (High) = 1-0 
Ethy] alcohol ...............00000 78° 18:0; aa 0-89 
PIE. Ren cdasncecdesiectcrsecsaee 56° 17-0560" — (Normal) 
n-Propyl] alcohol ..............+. 97° 15+ 5y7 — (0-95) 
isoButyl alcohol ................ 107° 9-510; -- 0-98 
Sulphur dioxide ................ —10° 14-0. 1-54 — 
BEIT GIN cnccccncscesesccccccnnse 16-6° 6-314, = 2-50 
tsoAmyl alcohol ................ 132° 553, -— 1-02 
EEE dapkdncbécrssanccscceseccsaves 114° 4-0 1-58 — 


The values for lithium chloride in the alcohols and potassium 
iodide in sulphur dioxide and in iodine are all lower than the true 
degree of association, owing to combination with the solvent (see 
below), and the case of potassium iodide in iodine is most probably 
further complicated by association of the periodide formed (Turner 
and English, this vol., p. 1786). 

When allowance is made for these facts, and for the effect of 
temperature in diminishing the degree of association, it is clear 
that the molecular weight is low in solvents of high dielectric 
constant and high when the dielectric constant is low, just as with 
salts of organic ammonium bases. 

Previous determinations, such as those of Riigheimer and 
Rudolfi, which have led to the simple formula being given to the 
alkali salts, now receive a natural explanation. In reality, these 
salts are associated substances, the degree of association of which 
depends mainly on the solvent. 

Our own measurements have been made on lithium chloride, 
bromide, iodide, and nitrate, and in a single instance on sodium 
iodide. The selection of the alcohols as solvents was made because 
our previous work (Turner and Bissett, T., 1913, 103, 1904) 
demonstrated the ready solubility in them of the lithium haloids, 


a] 


~~ 
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and for the reason that we have not only a means of testing the 
effect of the dielectric constant, but also that specific influences due 
to the constitution of the solvent are largely removed by the 
similarity of the substances. We were unaware, until the work 
had been for some time in progress, of the extent to which com- 
bination between the haloid salts and the alcohols occurred. This 
disturbing factor will be discussed after quoting the experimental 
data. 

In the following tables the symbol ? represents the concentration 
in terms of grams of solute per 100 grams of solvent. 


Boiling-point Determinations in Ethyl Alcohol. 


The alcohol boiled constantly within 0°02°. All salts employed 
were dried thoroughly by heating in a vacuum (Turner and 
Bissett, P., 1913, 29, 233), and analysed before use. The boiling- 
point apparatus was that described by Turner and Pollard (P., 
1913, 29, 349). Molecular elevation, C=11°70. 


Lithium Chloride (M.W. =42°4). 
IP Gdbhivdiceunaeparbatccmesinn 4-075 3-406 2-655 2-244 
WINE) dattdnnacsumnatoaanee 29-2 30-1 33-0 34-0 
Lithium Bromide (M.W.=86'86). 


Be sersesoccssnssetcassdscee 7-729 5-644 4-376 4-005 
BEE. sccnsnscosanenscssitind 57-7 65-6 64-7 62-6 


Bo . vtseccunnsnsdscousesesonn 11-01 7-286 6-296 5-695 
TEWE Ss. . sinccssmnennssannine 98-8 94-1 97-5 100-7 


Lithium Nitrate (M.W.=68°95). 


Ps. spbbesnnnssanensiniguais 5-652 4-412 3-860 2-820 
TOs. \sennscsasknscsnnndens 56-6 55-0 54-7 53-8 


Botling-point Determinations in isoButyl Alcohol. 


Kahlbaum’s alcohol was dried by anhydrous copper sulphate and 
fractionated. Beckmann’s apparatus was used. C=19°4 (Beck- 
mann, Fuchs and Gernhardt, Zeitsch. physikal. Chem., 1895, 18, 
473). D}** 0°7265 (Schiff, loc. cit.). 


Lithium Chloride (M.W.=42°4). 


Ps, schsbiimccnaneeneiaiahiae 2-011 3-861 5-507 6-955 
TEs. sssescccncnniontshnts 43-0 40-1 40-3 43-2 
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Lithium Bromide (M.W.=86'86). 


Mais s sWedasoknnisaassdsanesss 1-360 3-676 5-120 6-382 
Be Wie. casedccicsacceesssoes 83-51 91-75 91-26 90-53 


Lithium Iodide (M.W.=133°86). 


Fri A taiasdapesscidcrsecescess 0-844 2-496 4-377 6-577 
URES Sibcaddnsexdecesarsas 129-8 142-2 144-2 141-7 


Iathium Nitrate (M.W.=68°'95). 


Fe. cescccencesccossncacecece 0-489 1-390 2-209 3-306 
MWe. secneccencctceseseses 74-6 78-7 79-0 82-3 


Boiling-point Determinations in isoAmyl Alcohol. 


Kahlbaum’s alcohol was treated like isobutyl alcohol. Beck- 
mann’s apparatus was used. (=26'5 (Andrews and Ende, 
Zeitsch. phystkal. Chem., 1895, 17, 144) or 25°75 .(Beckmann, 
Fuchs and Gernhardt, loc. cit.). In a previous investigation 
(Turner and Pollard, Joc. cit.), Andrews and Ende’s value was 
employed. As a check, the constant was redetermined with 
pyrogallol. 

Pyrogallol (M.W.=126). 


Pg C (extremes). C (mean). 
D..cisssssaadauien 0-281—4-336 26-79 and 25-52 26-25 (mean of five) 
is aeckicccetees 2-392—6-651 26-40 and 26-04 26-17 (mean of four) 


The average value of 26-20 was adopted. 


Lithium Chloride (M.W.=42°4). 


Bw <cvcssrcccccnseccesssseses 0-414 1-731 3-913 5-551 
BBW a, Siccdssccsecncscibens 41-8 43-5 42-3 44-4 


Lithiwm Bromide (M.W.=86'86). 
Een Ladibavaciiinenumennene 1-285 3043 4-313 6-413 
TWF e. cossccvceseccceossees 89-8 95-6 93-8 87-2 
Lithium Iodide (M.W.=133°86). 
Ia: socsasndppincckasoiaanane 1-177 4-125 8-053 11-97 
DSUs. ccsvatesinsicencestcs 154-4 159-2 151-2 151-5 
Lithium Nitrate (M.W.=68°95). 


Bx. ccssssencnessvecesssxesce 0-827 1-567 2-395 3-689 
DEANE: satkecssaconscescseses 77-9 80-7 86-3 91-8 


The results of Andrews and Ende make lithium chloride in 
isoamyl alcohol much more associated than we find. 
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The fact that lithium nitrate is associated in ¢sobutyl and 1so- 
amyl alcohols is obvious. Nor is there any doubt of association in 
the ‘case of lithium iodide in these two solvents, or of lithium 
bromide in isoamyl alcohol. Most of the other results cannot be 
understood at a glance. In a number of cases, the molecular- 
weight values decrease with increasing concentration, a behaviour 
inconsistent with association or dissociation, but capable of ex- 
planation on the basis of combination between solvent and solute, 
for combination in this way leads to an increased osmotic pressure 
or depression of freezing point (compare Morse and co-workers, 
Amer. Chem. J., 1911, 45, 91, 237, 383, 517, 554; 1912, 48, 29), 
and therefore to reduced molecular-weight values. 

When both chemical combination and association occur con- 
jointly, there are five possible modes of variation of the molecular- 
weight series as the concentration increases. 

Case 1. The molecular weight continuously falls—This will 
occur when the degree of association is small, or when the rate of 
increase of association with concentration is small, and the mole- 
cular weight may start from a value either above or below the 
normal value. 

As examples, may be quoted lithium chloride in ethyl alcohol; 
hydrogen chloride, both in benzene and nitrobenzene (Beckmann 
and Lockemann, Zettsch. physikal. Chem., 1907, 60, 385); and one 
which is undeniable, namely, benzoic acid in ptoluidine (Eykmann, 
ibid., 1889, 4, 497). 

Case 2. The molecular weight remains constant.—This will only 
occur when the decreasing effect due to combination is counter- 
balanced by the increasing degree of association due to increase of 
concentration. 

There is no good example in our own series. 

Case 3. The moiecular weight continually rises—When the rate 
of increase of the degree of association is greater than the effect 
of combination, this behaviour will be found. Examples are 
furnished by cadmium bromide, silver chloride and nitrate, all in 
piperidine (Werner, Zettsch. anorg. Chem., 1897, 15, 1). 

Case 4. The molecular weight rises to a maximum.—Such 
maxima may be expected for the reason that the rate of increase in 
the molecular weight of an associated substance often decreases 
as the concentration increases. Hence the effect of combination 
will begin to be noticeable at the higher concentrations. 

Most of the series appear to conform to this rule, as, for example, 
lithium bromide in all three alcohols, and lithium iodide in isobutyl 
and isoamyl! alcohols. The various salts in p-toluidine previously 
examined by Cauwood (Turner and Pollard, Joc. cit.). show the 
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same behaviour, although the existence of compounds in this case 
has yet to be proved. A further proved example is that of 
potassium iodide in sulphur dioxide (Walden and Centnerszwer, 
loc. ctt.). 

Case 5. The molecular-weight series contains a minitmum.—This 
again is possible where the rate of increase of association is at first 
less than, and later greater than, that due to combination. 

Lithium chloride in isobutyl alcohol illustrates this case. Almost 
precisely the same results were obtained in two independent series, 
thereby disproving the accidental nature of the minimum. 

In constructing the above scheme, we have relied on the demon- 
stration of association already given, and have assumed the exist- 
ence of compounds. Of these two premises, we shall add further 
evidence to the first, and fully prove the second. 

With regard to association, the fact that lithium nitrate, which 
does not enter into combination, is associated, is strong evidence 
that all the other salts are likewise associated. Pronounced 
association of both lithium nitrate and iodide was found in acetic 
acid, with which neither of these salts was found to combine. 
Sodium iodide, on the other hand, which combines with acetic acid, 
is apparently but little associated. 


Freezing-point Determinations in Acetic Acid. 


The solvent was prepared as in a previous investigation (Turner 
and Pollard, loc. cit.). Dj* 1°0546. A closed form of Beckmann’s 
freezing-point apparatus was used. C=39°00. 


Lithium Iodide (M.W.=133°86). 


Fwy Ccdeveenctecsstecciscceas 1-180 1-564 2-131 
TWH s -sesdescccsascccassene 192-5 211-0 -230-9 


Wik \dttnwedessesccccdsaveesse 0-462 0-955 1-554 
BW s | hgdeconscscsudcacsces 78-0 83-3 102-3 


Sodium Iodide (M.W.=149°92). 


His. aitdidincesacdsccssvatecses 0-287 0-821 1-506 
BMSWE . cncdiccdsccacsccccces 162-2 162-1 166-7 


An attempt was made to test potassium thiocyanate, but this 
substance was found to be decomposed by acetic acid. 

Zanninovich-Tessarin (loc. cit.) gives the results of measurements 
on lithium chloride in acetic acid, finding it strongly associated. 
We mention the result for what it is worth, but very much doubt 
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the purity of the acetic acid, for we found it impossible in dry 
acetic acid to dissolve more than traces of this salt. The bromide 
was likewise scarcely soluble. 

The foregoing measurements prove that lithium salts, and from 
the behaviour of sodium iodide, probably of sodium salts, are 
associated. We shall now give the evidence of the formation of 
compounds. 


Compounds of Some Alkali Haloids with the Alcohols and 
Acetic Acid. 


The attempts to isolate compounds were made subsequent to, 
and in order to test, our interpretation of the molecular-weight 
results. Of the possible existence of compounds we had some 
evidence from the heat liberated by solution of the alkali haloids 
in the alcohols, and the previous isolation of four compounds 
(Turner and Bissett, loc. cit.). After the existence of compounds 
with the three alcohols used in the molecular-weight determinations 
had been proved, we added methyl and n-propyl alcohols to the 
series for the sake of completeness. The isolation and analysis of 
the compounds was carried out as previously described, or, in some 
cases, removal of adhering solvent was carried out by rapid com- 
pression between filter paper. The results are as follows: 


Methyl Alcohol. 


Lithium Chloride, LiC],3CH,O.—Simon (J. pr. Chem., 1879, [ii], 
20, 371); Turner and Bissett (loc. cit.). 

Lithium Bromide.—Separation of a finely crystalline, white solid 
occurred on cooling a solution to —30°, but the solid isolated was 
stable at —10°. : 

Found, LiBr= 46°43. 

LiBr,3CH,O requires LiBr=47'50 per cent. 

As this and the other compounds are very deliquescent, low 
experimentally determined values for the salt content are to be 
expected. 

Lithium Iodide.—The compound was obtained on cooling to 0°. 
On separation and drying it appeared stable at 14°, and had a pale 
yellow colour. 

Found, Lil=56'11. 

LiI,3CH,O requires Lil=58°25 per cent. 


Sodium Iodide, NaI,3CH,O.—Turner and Bissett (loc. cit.). 
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Ethyl Alcohol. 


Lithium Chloride, LiCl,4C,H,O.—Simon (loc. cit.); Turner and 
Bissett (loc. cit.). 

Lithium Bromide—A compound, crystallising in deliquescent, 
flat plates, stable at the ordinary temperature, was obtained by 
cooling a solution to —19°. 

Found, LiBr=32°32. 

LiBr,4C,H,O requires LiBr=32°07 per cent. 

Lithium Iodide.—A ccmpound, in very deliquescent, colourless, 
flat plates, stable below 10°, was obtained, as with the bromide. 

Found, Lil=40°12. 

Lil,4C,H,O requires Lil=42°12 per cent. 

Sodium Iodide.—No separation of a compound by cooling to as 

low a temperature as —70°. 


n-Propyl Alcohol. 


Lithium Chloride.—Soft, colourless plates of a very deliquescent 
compound were obtained by cooling a solution to —19° It was 
apparently stable only below 0°. 

Found, LiCl=14°87. 

LiC1,4C,;H,O requires LiCl=15°02 per cent. 
Inthtum Bromide.—A compound was isolated of very similar 


character to the chloride; it was obtained in the same way, and 
was stable at 0°. 


Found, LiBr=26°39. 

LiBr,4C,H,O requires LiBr=26°58 per cent. 
Lithium Iodide, Lil,4C,;H,0.—Turner and Bissett (loc. cit.). 
Sodium Iodide.—No separation by cooling solution to —19°. 


isoButyl Alcohol. 


Lithium Chloride.—Heat was given out when the solution was 
prepared and the formation of a compound was expected. Separa- 
tion of a gelatinous material occurred at —70°, and this became 
crystalline, in flat plates, by maintaining it at — 40° for some time. 
No analysis was made, but from analogy to the bromide the com- 
pound is probably LiCl,4C,H,,0. 

Lithium Bromide.—Soft, colourless plates of a compound were 
obtained by cooling the solution to —19°. The compound was not 
stable above —10°. 

Found, LiBr=22°65. 

LiBr,4C,H,,O requires LiBr=22°70 per cent. 


SOME SALTS OF THE ALKALI METALS, ETC. 1785 


Lithium LIodide.—The compound was very deliquescent, and 
stable only below (about) —15°. No analysis was made. 


isoAmyl Alcohol. 


Lithium Chloride——A gelatinous product was obtained on cool- 
ing to —70°, but it did not crystallise. No analysis was made. 

lithium Bromide.—No separation of a compound was obtained, 
but heat was evolved on solution of the salt. 

Lithium Iodide.—A compound was obtained crystallising in soft, 
colourless plates, stable below (about) —10°. 

Found, Lil= 28°09. 

Lil,4C;H,,0 requires Lil=27°55 per cent. 


Acetic Acid. 


Sodium Iodide.—A colourless or very pale yellow compound was 
obtained, in fine needles, by cooling a solution. It was stable at 
17°, and was separated from acetic acid by maintaining the solid 
for some time at this temperature. 

Found, Nal=43°68. 

NaI,3C,H,O, requires Nal =45°44 per cent. 

No compound with lithium iodide was isolated. 

From a general consideration of the ease of isolation and the 
temperatures at which the compounds are stable, it appears that: 
(1) the order of stability of the alcoholates decreases successively 
from methyl to amyl alcohol; (2) the iodides give the most, and 
the chlorides the least, stable compounds. 


General Conclusions. 


(1) The haloid salts and the nitrate of lithium are associated 
substances, and, by reference to sodium and potassium iodides, the 
salts of the other alkali metals are most probably associated. 

(2) From a comparison of lithium salts, the order of the degree 
of association appears to be iodide>bromide>chloride. This order 
is precisely the same as for salts of organic ammonium bases (Turner 
and Pollard, Joc. cit.). From comparison in acetic acid, the nitrate 
is less associated than the iodide. 

(3) The dielectric constant of the solvent appears, with metallic 
salts, as with those of organic ammonium bases, to be the main 
factor on which degree of association or dissociation depends. 

(4) Lithium haloids combine with the alcohols to form com- 
pounds of the formula LiCl(Br,I),3MeOH or LiCl(Br,I),4ROH, 
where R represents the ethyl, »-propyl, isobutyl, or isoamyl] radicle. 
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The compounds with methyl alcohol are the most, and those with 
isoamyl the least, stable. 

(5) Sodium iodide forms the compounds NaI,3MeOH and 
NaI,3C,H,O,. 


We desire to acknowledge our indebtedness to the Government 
Grant Committee of the Royal Society for assistance in the purchase 
of the materials used in this investigation. 
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CLXIX. — The Nature of Molecular Association. 
Its Relation to Chemical Comb:nation. 


By WILLIAM Ernest STEPHEN TURNER and SoLomon ENGLISH. 


In seeking for light on the action of the intermolecular forces that 
bring about both molecular association and the initial stages of 
chemical reactions, there are three questions which may be asked: 

(1) Do the theories of latent valencies, developed mainly on the 
results of chemical action, make it possible to predict molecular 
association ? 

(2) Is it essential for the formation of molecular compounds 
that either one or both of the constituents shall be an associated 
substance ? 

(3) If associated substances do not exert chemical forces when 
brought into contact, what action, if any, have they on one 
another ? 

The first of these questions was dealt with in a previous paper 
(Turner, T., 1911, 99, 880), when it was proved that present theories 
of valency are insufficient to predict molecular association, which 
depends less on single than on certain electronegative groups of 
elements, and may be connected more satisfactorily with the 
property of either forming a conducting medium or of acting as 
a conductor when dissolved. Additional evidence of the correct- 
ness of these views is provided by some of the experiments recorded 
in this paper. 

The second question can be dealt with in two ways, both by 
reviewing the various types of molecular compounds that have been 
prepared, and also by contrasting the influence on their formation 
of the various factors that govern molecular association. The 
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chemical activity of associated substances is made evident by the 
many molecular compounds which are known, both among organic 
substances (compare Philip, T., 1903, 83, 814; Philip and Smith, 
ibid., 1905, 87, 1735; Kremann, Monatsh., 1904, 25, 91; 1906, 
27, 91, 97; Schmidlin and Lang, Ber., 1911, 48, 2806; Adriani, 
Zeitsch. physikal. Chem., 1900, 33, 462), and of salts, themselves 
associated, with other associated substances, such as water, the 
alcohols, formamide and acetamide, carbamide, acetonitrile, and 
acetone (compare Pickering, T., 1893, 63, 436, 890; Réohler, 
Zeitsch. Elektrochem., 1910, 16, 419; Titherley, T., 1901, 79, 
413; Turner and Bissett, this vol., p. 1777; Menschutkin, J. Russ. 
Phys. Chem. Soc., 1906, 38, [i], 4; 1907, 39, [i], 102; Zestsch. 
anorg. Chem., 1907, 58, 26; Archibald and McIntosh, T., 1904, 
85, 919; McIntosh, ibid., p. 784; Franklin, J. Amer. Chem. Soc., 
1913, 35, 1455). Moreover, among organic substances, molecular- 
compound formation, like molecular association, occurs least readily 
with ortho-substituted, and much more readily with meta- and 
para-, benzene derivatives (Kremann, Ber., 1906, 39, 1022). On 
the other hand, molecular compounds can be formed between non- 
associated compounds, such as ethyl bromide and bromine, benzyl 
chloride and methylaniline, and many others (Wroczynski and 
Guye, J. Chim. phys., 1910, 8, 189; Noelting and Sommerhoffer, 
Ber., 1906, 37, 96; Kremann, Monatsh., 1904, 25, 1271; 1906, 
27, 125; 1908, 29, 863; 1910, 31, 843; 1911, 32, 609). Therefore 
the formation of molecular compounds is not dependent on the 
molecular association of the constituents. This conclusion is re- 
inforced by the fact that whereas molecular association is largely 
dependent on the dielectric constant of the medium, chemical con» 
bination does not appear to be so influenced (compare Segaller, 
this vol., p. 112). Hence the forces in the two cases, namely, in 
molecular association and compound formation, must either, if of 
the same origin, act differently, or must be different in origin. 

When two associated substances do not combine, the usual view 
is that they exert mutual dissociative effects (compare Walker, 
“Tntroduction to Physical Chemistry,” 1904, p. 209). This idea 
has been shown recently to be erroneous (Turner, Pollard and 
others, this vol., p. 1751), for such dissociation usually occurs only 
if the solvent has also a high dielectric constant. Our present 
investigation is largely concerned with the same problem, but is 
attacked in a different way. 

The procedure adopted was to determine the effect on the freez- 
ing-point depression or boiling-point elevation of a solution of a 
given substance A caused by the addition of a second substance B. 
If combination of the constituents A and B occurs, the observed 
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depression or elevation should be less than the value calculated 
on the assumption that each substance is uncombined with, and 
not affected by, the other. If, on the other hand, no combina- 
tion occurs, but the associated substances dissociate each other, 
then the observed should be greater than the calculated value. 
Four different solvents, benzene, chloroform, bromoform, and 
water, were employed, and a great variety of solutes taken in 
pairs so as to give mixtures of non-associated substances, substances 
chemically reactive, associated substances of various types, associ- 
ated and non-associated substances. The results are discussed 
under different heads below, and reference should be made to the 
experimental section for the illustrations. 

I. Mixtures of  WNon-associated Substances——The solvent 
employed was benzene, the solutes methyl iodide, propyl chloride, 
allyl iodide, chlorobenzene, iodobenzene, benzyl chloride and 
iodide, taken in pairs. 

In all, seven different mixtures were tested, and the calculated 
and observed values found to agree very closely, the greatest devia- 
tion, with benzyl and methyl iodides, amounting to only about 
2 per cent. of the total depression. It is perfectly clear that the 
haloids have no action on one another, and the results are such, 
we believe, as to render legitimate the conclusion that there is for 
solution a law corresponding with Dalton’s law of partial 
pressures, namely, that the osmotic pressures of mixtures of neutral 
substances in solution is equal to the sum of the individual, in- 
dependent values. 

II. Mixtures of Chemically Reactive Substances.—The mixture 
first investigated was phenol and a-naphthylamine, benzene again 
being the solvent; the formation of periodides is another case, but is 
dealt with in a later section. Phenol and a-naphthylamine form the 
compound C,H,-OH,C,,H,;-NH, (Philip, Joc. cit.). As in all other 
measurements, except where expressly stated, the depressions of 
freezing point were first measured for each component over a con- 
siderable range of concentration, and a large-scale curve plotted, 
from which the depressions could be obtained at any desired inter- 
mediate strength of solution. Experiments with the mixture then 
followed, and showed, as expected, that the observed depression of 
freezing point was less than the calculated value, and that the 
substance must be dissociated in benzene solution to a considerable 
degree, varying with the concentration; in very dilute solution, 
completely. An attempt was also made to determine the actual 
degree of combination from the cryoscopic results. 

III. Mixtures of Associated and Non-associated Substances.— 
The associated substances embodied salts derived from organic 


THE NATURE OF MOLECULAR ASSOCIATION. 1789 


ammonium bases, salts the degree of association of which had 
already been determined in chloroform and bromoform (Turner, 
loc. cit., and T., 1912, 101, 1923), and common organic substances, 
phenol, benzoic and acetic acids. The non-associated compounds 
were the alkyl and aryl haloids and a hydrocarbon, anthracene. 
Mixtures of salts and the added substance were tested in chloro- 
form or bromoform, the others in benzene. Any possible action 
on the associated substance might be (1) reduced degree of associa- 
tion; (2) increased degree of association; (3) combination; but 
none of these possibilities was realised, the results going to sup- 
port the conclusions drawn from the experiments in section I. 
The deviations amount in two cases, triethylammonium bromide— 
chlorobenzene and acetic acid—chlorobenzene, to about 4 per cent. 
of the total, but in most cases are very small. 

IV. Mixtures of Associated Substances.—Of these mixtures there 
were three types: (1) salts; (2) organic substances; (3) salts and 
organic substances. 

(1) This class yielded results which are both interesting and 
somewhat surprising. The results obtained from the experiments 
in chloroform and bromoform are of two types: (a) in which the 
observed is less than the calculated by an amount which increases 
with concentration; (6) in which the observed is less than the 
calculated, the deviation increasing up to a maximum, and then 
falling. The mixtures of tetrapropylammonium iodide and 
diethylammonium chloride in chloroform, dipropylammonium 
chloride and triethylammonium bromide, triethylammonium 
chloride and bromide, and tsobutylammonium and_ triethyl- 
ammonium chlorides, belong to this second type. It is quite 
possible that all the salt mixtures would behave similarly were the 
experiments not limited by the solubility of the salts. 

The possibility of mutual dissociation, or even of combination, 
we had contemplated, but that of increased association, which is 
actually found to occur, is surprising. It also introduces a diffi- 
culty in deciding conclusively whether combination also occurs. 
In a number of cases, however, the very considerable reductions 
in the observed elevations or depressions certainly cannot be satis- 
factorily explained as due to combination, and probably the same 
conclusion must apply to all the mixtures. Consider, for example, 
the mixture of tetrapropylammonium iodide and diethylammonium 
chloride in chloroform. Singly, each is associated at the concen- 
trations employed, the first-named to the extent of about four 
molecules, the second about three. It is not very likely that com- 
bination occurs in these proportions. No scheme such as the 
simultaneous existence of (a) a compound in equimolecular pro- 
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portions, plus this compound associated, plus uncombined 
associated molecules; (b) a compound of molecules in the propor- 
tion of two to one, plus associated compound molecules, plus un- 
combined molecules, appears to fit the reduction in freezing-point 
depression observed. Moreover, the fact that the maximum devia- 
tions which occur in some cases are not at simple molecular pro- 
portions renders chemical combination still less likely.* An action 
like that occurring in the precipitation of colloids, by which the 
molecular size increases and the osmotic pressure decreases (Lillie, 
Amer. J. Physiol., 1907, 20, 127; Biltz and Vegesack, Zettsch. 
physikal. Chem., 1909, 68, 357; Mayer, Schaeffer and Terroine, 
Compt. rend., 1907, 145, 918), is also unlikely, because of the 
existence of a maximum deviation. The actual effect is at any 
rate an associative, and not a dissociative, one. 

Similar conclusions must be drawn in regard to the behaviour 
in aqueous solution, but the deviations are much smaller. Hence 
the action cannot be one which produces dissociation, although in 
one, unusual, case of isobutylammonium and triethylammonium 
chlorides the deviations pass from positive to negative. Sugges- 
tions have been made that the ions of a salt in aqueous solution 
exert in some way a further ionising influence on the hitherto un- 
dissociated salt (Arrhenius, Zeitsch. physikal. Chem., 1899, $1, 
197; 1901, 86, 28; 37, 490; Partington, T., 1910, 97, 1158). On 
this view, an increased degree of dissociation might conceivably 
occur on mixing two salts, but no such results occur, whether the 
mixture contains like or unlike ions, except in the exceptional case 
mentioned. 

(2) With mixtures of organic substances there are two types. 
On the one hand, benzoic and acetic acids have but little influence 
on one another, the calculated and observed depressions in benzene 
differing but little; on the other, the deviations with phenol—acetic 
acid and phenol—ethyl alcohol are considerable, amounting at the 
greatest concentration to about 20 per cent. of the total depression 
in each case. Such a result may be due to increased association 
or to combination. Combination is certainly conceivable in the 
case of phenol—acetic acid, and the very small deviations with the 
mixtures of the two acids is an argument against the effect observed 
being due to increased association. There is, at any rate, no 
evidence of mutual dissociation. Moreover, from the acid mixture 
it is evident that there are some cases in which organic associated 
substances differ from salts, for with the salt mixtures there is 
always a large deviation. 

(3) Of the behaviour of mixtures of salts and associated sub- 


* An investigation to test this point by another method is being carried out. 
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stances, we defer detailed consideration. In chloroform we have 
obtained two types of result. Thus, the calculated and observed 
values of the elevation of boiling point differ but little in the case 
of triethylammonium iodide and urethane, but the deviation is 
considerable for the mixture of diethylphenylammonium iodide and 
benzoic acid. 

V. Mixtures of Iodine and Alkyl and Aryl Haloids.—The object 
of this and the following section was to test in what relationship 
to molecular association the formation of periodides stands. 
Iodine is a normal substance, and it has already been shown that 
an associated and a normal substance of the alkyl or aryl haloid 
type are neutral to each other; but iodine combines with so many 
salts, among them such as have been proved to be strongly 
associated (Dobbin and Masson, T., 1885, 47, 56; 1886, 49, 846; 
Dawson and Gawler, T., 1902, 81, 524; Dawson and Goodson, T., 
1904, 85, 796; Dawson, T., 1908, 93, 1308), as also with hydrogen 
haloids (Tinkler, T., 1907, 91, 1002), that there appeared possible 
some connexion between the degree of association and the power 
of combining with iodine (compare Turner, T., 1911, 99, 880). 
Against this view, however, is the fact that Dawson and Goodson 
found little combination between iodine and a chloride (potassium, 
rubidium, and cesium) in nitrobenzene, but Dobbin and Masson 
found, on the other hand, that sulphates did take up a consider- 
able amount of bromine. Tests were accordingly carried out in 
bromoform, in which the salts employed show pronounced associa- 
tion. Prior to these tests, the behaviour of iodine towards alkyl 
and aryl haloids in a neutral solvent, benzene, was examined. The 
results proved absence of combination and the neutrality of the 
atoms of the haloid elements in mixtures of the alkyl and aryl 
haloids. 

VI. Mixtures of Salts and Iodine.—Four salts were selected for 
tests, namely, triethylammonium chloride and bromide, tetraiso- 
amylammonium iodide (all iodides of lower molecular weight being 
insufficiently soluble in bromoform), and diethylammonium nitrate. 
A solution of the salt was made, and iodine added in such amounts 
as to give simple molecular proportions. The effect on the freezing- 
point depression was very great. Supposing that the iodine at first 
added combined wholly with the salt to form periodide, and that no 
other complication occurred, the freezing-point depression should 
remain constant until excess of iodine was present. It will be found 
from the tables that addition of iodine to the chloride, bromide, 
and iodide actually reduces the depression below that observed with 
the salt alone. This fact appears to indicate three things, namely, 
that: (1) not only iodides and bromides, but also chlorides, have 
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the power of forming periodides to a considerable extent in bromo- 
form; (2) the periodides so formed are of very considerable 
stability, and very little dissociated in bromoform; (3) the 
periodides themselves are very strongly associated, for only by the 
occurrence of association can the diminution of the freezing-point 
depression be accounted for. 

The freezing-point process is not suitable to an investigation of 
the actual composition of the periodides formed, but a good deal 
of information can be obtained by comparing the average number 
of molecules present in the solution, calculated from the freezing- 
point formula ue where C for bromoform is 144, with the 
total number of molecules of salt and iodine added to the solution 
(molecules in the latter case signifying simple molecules calculated 
from the formule I,, NEt,HBr, etc.). Suppose » is the average 
number of molecules actually present, and WV the total number of 
single ones added ; then the ratio V/n should rise with the addition 
of iodine to a salt solution, and reach a maximum when the sub- 
stance present is wholly periodide, and it should then decrease on 
further addition of iodine if (a) no higher periodide is formed; 
(5) a higher periodide is formed, but is partly dissociated.* 

Our results show that WV/n does reach a maximum with the 
chloride and bromide when equimolecular proportions of the salt 
and iodine are present, so that the periodides N(C,H;),HCI,I, and 
N(C,H;),;HBr,I, are formed. After this stage, addition of more 
iodine produces less than the calculated further depression, 
indicating that a still higher periodide is formed, though some- 
what dissociated. In the case of tetraisoamylammonium iodide, 
the maximum value of V/n is postponed until the number of iodine 
to salt molecules nearly equals the ratio 2:1, so that an iodide, 
N(C;H,,;),1;, appears likely. Further addition of iodine failed to 
produce the calculated depression, indicating the formation of a 
still higher iodide. Indeed, not only was there evidence of a higher 
periodide from the freezing-point depression, but crystals of a 
periodide actually separated out, which proved on analysis to have 
the composition N(C;H,,),I,, The high values of V/n indicate, 
further, that the degree of association of the periodides is large— 
larger than the salt from which it was formed. It is interesting, in 
this connexion, to recall that the degree of ionisation of the 


* This method involves the assumption that the periodides will be formed in 
increasing order of magnitude and that their degree of dissociation is negligible. 
These assumptions are justified, so far as we require to use them, by the fact that 
Dawson (loc. cit.) showed the tri-iodide, KI,, to be dissociated to only a very small 
extent in nitrobenzene, but that the degree of dissuciation of the periodides, 
KI,, KI,, KI, increased successively. 


feeders ea weed 


tiara 27 


THE NATURE OF MOLECULAR ASSOCIATION. 1793 


periodides in nitrobenzene was found by Dawson and Jackson (T., 
1908, 93, 2063) to be greater than the iodides from which they 
originated. 

The experiment with diethylammonium nitrate negatives the 
idea that the formation of the periodides is controlled mainly by 
molecular association. There is a distinct deviation, but very 
small compared with the halogen salts. The colour of the solution 
was violet, and it was not found possible to add iodine much 
beyond its individual solubility in bromoform, namely, about 2°4 
grams per 100 grams of solvent, whereas in the presence of the other 
salts as much as 10°9 grams of iodine per 100 of solvent could be 
dissolved. In a similar experiment with phenol, the observed was 
slightly less than the calculated depression, whilst the colour of the 
solution was reddish. Departure of the colour from violet is 
usually considered to indicate combination of the iodine with the 
solvent.* 


General Conclusions. 


The results brought forward in this paper show that whilst 
associated substances are chemically very active, formation of com- 
pounds does not depend on prior association of the constituents, 
and, further, the influence of the solvent does not appear to be 
the same in the two cases. It appears to us that the forces which 
produce molecular compounds are either different in origin or act 
differently from those causing molecular association, and that it 
would be preferable to designate the latter as physical association 
if the term association is to be retained also in connexion with the 
formation of chemical compounds. The more purely electrical 
origin of the forces producing physical or molecular association, as 
distinct from those causing chemical action, seems to us to be 
indicated by the fact that such association is dependent, not on 
the presence of certain elements of high valency, but rather on 
distinct electronegative groups; that it is dependent very markedly 
on the dielectric character of the solvent, and that the powerful 
force producing association of salts does not bring about chemical 
action with a susceptible substance like iodine; further, that the 

* The absorption of bromine by sulphates (Dobbin and Masson, Joc. cit.) and the 
deviation from the calculated value of the freezing-point depression when 
diethylammonium nitrate is the solute may be of the nature of adsorption. 
Molecular association may certainly claim relationship to colloidal phenomena, and 
a striking and, to us, inexplicable result emphasises this. Diethylammonium 
chloride and nitrate were both found to dissolve in bromoform, but when the tube 
containing the solution was suddenly shaken, they were suddenly precipitated in 
a gelatinous mass which did not redissolve. In the case of the chloride, addition 
of a trace of water would bring about precipitation. The experiments were repeated 
several times with well-dried apparatus. 
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force producing association appears to bring about increased, rather 
than decreased, association in a second associated substance when 
that substance is an electrolyte. The new experimental facts on 
which these conclusions are based are: 

(1) Mixtures of alkyl and aryl haloids are without action on 
each other in benzene solution. 

(2) Alkyl and aryl haloids and naphthalene do not influence the 
molecular state of associated substances in bromoform or chloro- 
form. Therefore from (1) and (2), it appears probable that the 
osmotic pressure of a mixture of neutral substances is equal to the 
sum of those of the components. 

(3) Associated salts, when mixed in a neutral solvent, do not 
cause mutual dissociation, but rather increased association. 
Although increased association to any extent does not occur with 
mixtures of organic associated substances like benzoic and acetic 
acids, there is, on the other hand, no mutual dissociation in neutral 
solvents. 

(4) Only haloid salts form periodides; therefore their formation 
does not depend on molecular association. Periodides have been 
obtained in bromoform solution with triethylammonium chloride 
and bromide and tetrazsoamylammonium iodide, one of the 
periodides (the heptaiodide) of the last-named being isolated. 

(5) The periodides are themselves strongly associated in bromo- 


form. 
Ex PERIMENTAL. 


All the materials were of high degree of purity, obtained by 
processes previously described. It may be mentioned that the 
melting point of the bromoform was raised to 7°5° by the use of 
phosphoric oxide as an additional drying agent, as against 7°4° 
previously obtained (Turner, loc. cit.). Diethylammonium nitrate, 
one of the solutes, was prepared from the chloride by the action 
of silver nitrate. 

The apparatus in which the determinations were made was either 
the ebullioscopic apparatus of Turner (T., 1910, 97, 1184) or the 
Beckmann cryoscopic apparatus. Through the latter dry air was 
circulated, both before the introduction of the material and during 
the course of the experiment. 

In the following tables, 

P=grams of substance per 100 grams of solvent, 

Ay =freezing-point depression observed, 

A,=calculated freezing-point depression. 


The constituents of the mixture are referred to as A and B. The 
percentages given under B are the amounts of the second substance 
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added. The first value of A, is the depression caused by the amount 
of A stated ; the subsequent values are the total depressions caused 
by A+B. 


I. Mixtures of Non-Associated Substances. Freezing-point 
Measurements in Benzene. 


Allyl Iodide (A) and Propyl | Lodobenzene (A) and Benzyl 


Chloride (B). Chloride (B). 
P. By A,-a | f a A.-d, 
A. 4-207 1-253 —0-001 A. 3-975 0-983 — 0-009 
B. 0-6649 1-669 + 0-007 B. 2-072 1-805 —0-012 
2-844 3°025 +0-043 4-054 2-572 +0-005 
Lodobenzene (A) and Methyl Lodobenzene (A) and Ethyl 
Todide (B). Bromide (B). 
A. 5707 1-386 = 4 0-012 ce. tim eee 
B. 1513 1-922 +.0-009 B. 1-002 1-609 —0-054 
3128 2-470 +0-029 —. sa: an 


Lodobenzene (A) and Propyl | 


Chloride (B). Chlorobenzene (A) and Allyl 


Iodide (B). 


A. 4-436 1119 —0-032 | 
| 2, ¢ 57 — 
B. 1-048 1:796 —0-042 | ne wine rn 
2577-2736 02 a ' — 0-020 
5 3 + 0-023 9-577 2-578 — 0-020 


| 
Benzyl Iodide (A) and Methyl | 
Iodide (B). | 
A. 4311 1-004 —0-015 
B. 1234 1-432 —0012 | 
7-874 3-687 + 0-072 
The calculated values are those obtained on the basis of the 
normal molecular weight (previously proved, Turner, /oc. cit.) and 
the depression-constant for benzene of 50°0. If the calculated 
values were obtained, as in our other experiments, by the addition 
of the depressions for the separate substances, the results would 
show a still closer agreement between the calculated and observed 
values. 


II. The Behaviour of Chemically Reactive Substances in Solution. 
Phenol and .a-Naphthylamine in Benzene. 


(1) Single Substances. 


Phenol (M.W.=94'0). | a-Naphthylamine (M.W.=143). 

P. A’. M.W. a ret M.W 

1-009 0-337 149-6 | 1-035 0-375 138-0 
2-758 0-870 — | 2-582 0-906 ah 
3-449 1-053 — | 2-920 1-004 ow 
4-643 1-361 ~ | 4-005 1-342 < 
7-482 2-015 — | 6701 2-186 ~ 

9-301 2-390 1945 =| = 8360 2-635 155-8 
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(2) Equimolecular Mixture. 


P (a-Naphthyl- A. - Ay 
amine). P (Phenol). Mol. ratio. A, A. — Ay. ew = 
1-238 0-8185 0-979 0-666 0-049 0-112 
1-331 0-8249 1-06 0-711 0-056 0-115 
2-474 1-622 0-988 1-237 0-180 0-205 
3-652 2-348 1-022 1-725 0-266 0-215 
3°684 2-423 0-984 1-748 0: 267 0-215 
4-879 3°205 0-986 2-189 0-421 0-260 
6-067 3-980 0:987 2-602 0-578 0-291 
6-604 4-344 0-999 2-794 0-658 0-304 


The deviation from the calculated value increases with the 
amount of the mixture added, and can be accounted for by com- 
bination in solution, the extent of which depends on the concen- 
tration. In this solution we have to do with two equilibria: 

(C.H;-OH), — nC,H,;-OH; 
C,H,;-OH + C,,H,;-NH, — C,H;*OH,C,,H,"NH,. 

The phenol will enter into combination only with the dissociated 
molecules. 

Assuming that the degree of association of the uncombined 
phenol remains unaltered by the presence of a-naphthylamine, it 
is possible to determine the extent to which the compound is 
formed. 

If d, and d, are the depressions due, respectively, to the amine 
and phenol taken singly, A, the depression observed with the mix- 
ture, then the deviation (d,+d,)—A) must be proportional to the 
extent of combination, and the total number of molecules com- 
bining proportional to 2{[(¢d,+4,)—A]. Further, as a-naphthylamine 
has practically normal molecular weight, 2d, will be proportional to 
the total number of single molecules obtainable, and the proportion 


combined will be "4 +4s— 4) oy Se— Ao, 


1 
The extent of combination, from the table above, will be seen 
to increase with concentration. 


III. Mixtures of Associated and WNon-associated Substances. 
Measurement of Boiling Point in Chloroform. 


Tetrapropylammonium Iodide and Anthracene.—The boiling- 
point elevations for the separate constituents have been recorded 
in previous papers (Turner, T., 1911, 99, 880; 1910, 9'7, 1193). 

For the mixture, made in equimolecular proportions, the results 
are: 


P (Anthracene). A,. 4. — Ao. 
3-499 0-823 +0-029 
2-749 0-679 +0-007 
2-274 0-572 +0-004 
1-954 0-508 —0-008 


1-533 0-427 —0-011 


Todobenzene. 
PF. A°. 
0-3197 0-220 
2-151 1-521 


Triethylammonium Chloride (A) 
and Ethyl Iodide (B). 


P. Ay A. eae Ao: 
A. 1-682 0-829 — 
B. 0-2483 1-069  —0-008 
1-805 2-475 +0-031 


Triethylammonium Bromide (A) 
and Chlorobenzene (B). 
A. 1-882 0-566 — 


B. 0-3343 0-994 +0-005 
2-199 3-255 +0-126 
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Experiments in Bromoform: Mixtures of Salts and Alkyl and 
Aryl Haloids. 


The depressions of freezing point caused by the salts alone will 
be given in a later table. Those for the haloids are: 


Chlorobenzene. 

P. A’, 
0-3388 0-428 
1-768 2-136 


The relation of the freezing-point depression to the concentra- 
tion over these ranges is expressed by a perfectly straight line. 

Ethyl iodide was assumed to have the normal molecular weight, 
and the freezing-point depression caused by it was calculated on 
this assumption. In the following experiments, determinations 
were made at five or more different concentrations, but only the 
limiting values are given, the deviation being proportional to the 
concentration between these limits. 


Triethylammonium Bromide (A) 
and Ethyl Iodide (B). 


P. A>: A. = Ay 

A. 1-646 0-524 — 
B. 0-3016 0-800 +0-003 
2-285 2-599 +0-035 


Triethylammonium Bromide (A) 
and Iodobenzene (B). 
A. 1-610 0-495 — 


B. 0-3309 0-738 — 0-009 
2-318 2-131 — 0-016 


Experiments in Benzene: Mixtures of Associated Organic 
Substances and Alkyl and Aryl Haloids. 


(1) Single Substances. 


Ethyl Iodide. Chlorobenzene. Todobenzene. 
P. A.. P. As. P. As. 
0-6287 0-209 0-'7647 0-350 0-6393 0-176 
10-16 3-157 7-550 3°304 } 12-65 3-003 
Benzoic Acid. 
P. A’. 
0-297—4-651 0-097—1-011 


In these four cases, a straight-line relationship exists between 
the concentration and freezing-point depression, so that only the 


limits are’ quoted. 
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Ethyl Alcohol. | Acetic Acid. 

P a. P. A’. 
0-6008 0-556 0-5133 0-254 
1-086 0-874 0-9568 0-458 
1-569 1-117 1-426 0-658 
2-073 1-307 | 1-936 0-857 
4-024 1-883 | 5-725 2-256 
6-915 2-465 | 

11-53 3-154 


(2) Miatures. 


Todobenzene (A) and Acetic Phenol (A) and Iodo- 
Acid (B). benzene (B). 
F. A}. Bis saat Ao: F. A> A. = Ao 
A. 7-204 1-816 — A. 2-253 0-680 oa 
B. 0-880 2-204 + 0-027 B. 1-514 1-082 — 0-007 
3-463 3-198 +. 0-063 9-940 3-103 + 0-057 
Benzoie Acia (A) and Todo- Chlorobenzene (A) and Acetic 
benzene (B). Acid (B). 
A. 3-789 0-846 — A. 4:°764 2-152 — 
B. 0-778 1-040 +0-016 B. 1-013 2-571 -+- 0-056 
4-342 1-947 — 0-009 3°865 3-645 +0-105 


As in the experiments on salts, determinations were made at 
five concentrations, but only the limits are quoted. Although the 
deviations were not always proportional to the concentration, the 
numbers given are also the extreme deviations. 

All the experiments described in this section prove that non- 
associated substances have no influence on the degree of association 
of associated substances in moderately dilute solution. 


IV. Mixtures of Associated Substances.—Salts. 


Determinations in Chloroform. 


The measurements made with the single substances have already 
been recorded (Turner, Joc. cit.). Mixtures were made in a 
definite molecular proportion, and the elevation of boiling point was 
determined at different concentrations. As the concentrations of 
the single substances were previously expressed in terms of milli- 
gram-molecules per 100 grams of solvent (1), the same notation 
is retained here. 
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Diethylammonium Chloride and Tetrapropylammonium Iodide. 
Mixture, NEt,H,Cl—NPr:l. 


Nv. Ao. A tae A>: Ap/Ac. 
39-14 0-681 0-179 0-792 
30-26 0-482 0-214 0-692 
23-92 0-386 0-183 0-677 
19-27 0-322 0-165 0-661 
13-79 0-250 0-138 0-644 


Diethylaniline Hydrochloride and Hydriodide. 
Mixture, 2NEt,Ph,HCl—NEt,Ph,HI. 


N (hydrochloride). 
39-90 1-160 0-245 © 0-826 
25-00 0-707 0-284 0-713 


Two other mixtures of the hydrochloride and hydriodide, in the 
proportion of 1:1 and 1: 2, were tested, similar deviations being 
recorded, and not of a character such as to suggest the formation 
of compounds. Another mixture, of equimolecular proportions of 
diethylammonium chloride and triethylammonium bromide, was 
tested, with like results. 


Experiments in Bromoform, 


(1) Single Substances. 


Triethylammonium Chloride. | Triethylammonium Bromide. 

P. A’. f. A’. 

0-3278 0-243 0-659 0-289 
0-4817 0-316 1-180 0-391 
0-7984 0-474 1-453 0-458 

1-422 0-686 1-955 0-522 

1-644 1-115 2-694 0-682 
2-847 1-358 3°727 0 893 


Dipropylammonium Chioride. 


P. A’. 
0-675 0-255 
3-265 1-305 


(4°, a linear function of P in this case.) 


(2) Mixtures of Salts. 


In all experiments, several separate amounts of the second salt 
(B) were added, but where the deviation of the observed from the 
calculated depression did not attain a maximum, only the limiting 
values are quoted. 
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isoButylammonium Chloride (A) and Triethylammonium 


Bromide (B). 
P. Ay: A. _ Ay: 7 
A. 1-607 0-434 _ 
B. 0-8569 0-664 0-107 
2-638 0-862 0-237 


isoButylammonium Chloride (A) and Triethylammonium 


Chloride (B). 


P. Ao. A. — Ao: 
A. 1-317 0-373 _ 
B. 0-435 0-550 0118 | 
2-310 1-007 0-333 


Tetraisoamylammonium Iodide (A) and Dipropylammonium 


Chloride (B). 
FP. Ao: As — Ao: 
A. 2-531 0°26 + 
B. 0-2665 0-319 0-046 
2-299 0-760 0-388 : 


Dipropylammonium Chloride | Triethylammonium Chloride (A) 
(A) and Triethylammonium and Bromide (B). 
Bromide (B). P. le ie-~te 
ps Ay: A. — Ap. I. A. 1-692 0-775 _ 
A. 1-373 0-520 — B. 0-2601 0-812 0-118 : 
B. 0-3585 0-612 0-103 1-652 0-958 0-312 j 
0-8600 0-673 0-185 II. A. 1-728 0-786 _ 
a aa a B. 0-807 0-872 0-240 
1-632 0-990 0-288 
a oo 3-469 1-365 0-224 
3-165 0-976 0-294 4-460 1-627 0-117 
4-074 1-420 0-255 : 
5-044 1-818 0-010 


Dipropylammonium (A) and Triethylammonium (B) Chlorides. 


P. As. A. — Ag. 
A. 1-182 0-440 _ 
B. 0-386 0-603 0-105 
1-315 0-862 0-230 
1-758 0-979 0-256 
2-290 1-148 0-254 


2-832 
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Determinations in Water. 


Single Substances. 


Triethylammonium Chloride. Tetrapropylammonium Nitrate. 
P. A’. P. A’. 
0-8046 0-218 0-9528 0-151 
6-188 1-446 2-405 0°330 
(A°o P in this case.) 4-660 0-600 
. . 6-863 0-840 
° ° 9-298 1-104 


Triethylammonium Bromide (A) and Tetrapropylammonium 
Nitrate (B). 


P. Ao. Ac — Ao. | 
| A. 4-336 0-764 _ 
B. 1-682 0-964 0-045 
8-366 1-660 0-109 


Triethylammonium Chloride (A) and Triethylammoniuwm 


Bromide (B). 
| P. Ay. Ac — Ay. 
| ; A. 5-830 1-027 — 
B. 2-232 1-505 0-082 
5-348 2-218 0-064 


Dipropylammontum (A) and Triethylammonium Chlorides (B). 


: P. A>. A. ae A> 
: A. 3-826 0-934 —— 
B. 1-011 1-169 0-033 
4-565 2-012 0-020 


isoButylammonium (A) and Triethylammonium Chlorides (B). 


P. Ao. A. — Ao: 
A. 4-876 1-48 a 
B. 1-090 1-757 +0-017 
6-407 3-010 — 0-039 


Diethylammonium (A) and Tetrapropylammonium Nitrates (B). 


P. A). A. = Ay 
A. 4277 1-019 — 
B. 1-926 1-234 0-047 
5-926 1-652 0-104 


All the experiments described in this section prove that asso- 
ciated substances do not cause mutual dissociation. They indicate 
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rather that a salt increases considerably the degree of association 
of a second salt in solution, the increase depending on the concen- 
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tration and the solvent. 


IV. B. Mixtures of Associated Organic Compounds. 
Experiments in Benzene. 


Benzoic (A) and Acetic Acids | 


(B). 

P. Ay, 

A. 3-277 0-710 
B. 0-780 1-047 
3-904 2-256 


i> he 


0-038 
0-064 


A. 
B. 


(B). 

P. A>. 
4-386 1-273 
0-561 1-434 
7-496 3-483 


Phenol (A) and Ethyl Alcohol (B). 


A. 


B. 


F. 
4-168 
0-430 
0-981 
1-516 
3°557 
6-575 


9-837 


Ay. 
1-218 
1-373 
1-559 
1-727 
2-301 
2-905 
3-415 


Phenol (A) and Acetic Acid 


ME iin tao 


With the mixtures benzoic and acetic acids and phenol—acetic 
acid only the limits are quoted, the intermediate deviations being 
proportional to the concentration. 


V. Mixtures of Iodine and Alkyl or Aryl TIodides. 


Experiments in Benzene. 


Iodine (A) and Chlorobenzene Iodine (A) and Iodobenzene 
(B). (B). 
P. Ao: Be —- Ao: F. A. A.— Ay. 
A. 1-144 0-175 we A. 1-263 0-201 _— 
B. 0-8915 0-575 — 0-004 B. 0-760 0-394 — 0-007 
2-107 1-125 —9-012 2-054 0-707 — 0-003 
Iodine (A) and Propyl Chloride | Iodine (A) and Benzoyl Iodide 
B). (B). 
A. 1-022 0-155 — A. 0-988 0-159 _ 
B. 0-856 0-706 — 0-006 B. 1-488 0-521 — 0-021 
3-186 2-204 —0-015 5-828 1-514 —0-018 


There is one disadvantage in using benzene as solvent, in that 
iodine freezes out with the solvent (Beckmann and Stock, Zettsch. 
physikal. Chem., 1895, 17, 307), but this source of. difficulty is 
minimised by first observing the depression caused by the iodine. 
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The depression caused by the iodide alone was not determined 
experimentally, but was calculated, as before, on the assumption 
of the normal molecular weight. If any distinct chemical action 
occurred between iodine and the iodides, the deviation of the 
freezing-point depression from the calculated would almost 
certainly exceed the depression caused by the iodine alone. Ex- 
periment proved the deviation to be very small in every case, and 
also negative, so that chemical combination is entirely absent. 
Further proof was obtained by experiments on mixtures of iodine 
with methyl iodide, allyl chloride, and o-iodotoluene, very small 
negative deviations being observed in all cases. 


VI. Mixtures of Iodine and Salts in Bromoform. 


n/n. gives the approximate molecular ratio of iodine to salt. 


Todine. 
P. ins 
0-461 0-240 
1-042 ‘ 0-591 
1-906 1-041 
2-396 1-269 
Tetraisoamylammonium Iodide | Triethylammonium Chloride (A) 
(A) and Iodine (B). and Iodine (B). 
P. m/ry Ap. N/n. P, ™/My Ag. N/n. 
A. 3-174 — 0-273 3°94 A. 2-015 — 0-945 2-24 
B. 0-:9434 05 0-248 6-49 B. 1815 0:5 0-342 9-18 
1-892 1-0 0-200 10-74 3-657 1:0 0-407 10-28 
2-849 15 0-220 11-96 7-305 2:0 1-047 5-97 
3-799 2-0 0-281 11°49 10-91 3-0 1-901 4-36 
5-690 3:0 0-538 7-64 
Diethylammonium Nitrate (A) | Triethylammonium Bromide (A) 
and Todine (B). and Iodine (B). 
Ac- Ay. A. 1899 — 0549 2-74 
A. 09707 — 0-265 _— B. 1-259 05 0-208 10-65 
B. 0899 — 0-708 0-067 2-623 1:0 0-249 12-00 
2-404 — 1-455 0174 | 7-874 30 1-322 5-76 


The periodide which separated from the solution of tetraiso- 
amylammonium iodide consisted of dark green, prismatic crystals, 
which were crystallised several times from chloroform, practically 
constant amounts of iodine being obtained in the latter determina- 
tions, namely, 75°16 per cent. The nearest’ corresponding 
periodide is the hepta-periodide, N(C;H,,),NI,, in which I=74°5 
per cent. 
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Phenol (A) and Iodine (B). 


P. A>: A. a Ay: 
A. 2-492 2-332 — 
B. 0-642 2-653 0-043 
1-945 3-313 0-123 


Only the limiting values are recorded. For intermediate con- 
centrations, the deviations rise in proportion to the concentration. 


We desire to thank the Government Grant Committee of the 
Royal Society for a grant which covered the cost of the materials 
used in the investigation. 


CHEMISTRY DEPARTMENT, 
Tue University, SHEFFIELD. 


CLXX.—a-Bromonaphthalene: its Physical Properties 
and its Application to the Determination of Water 
in Moist Alcohol. 


By Marian Jones and ARTHUR LAPWoRTH. 


a-BROMONAPHTHALENE is probably not at present to be purchased 
in anything but a decidedly impure condition; even the best 
specimens examined by us have contained quite considerable quan- 
tities of free naphthalene and of dibromonaphthalene. 

As several hundred grains of a-bromonaphthalene were required 
in a highly purified state, several methods of preparation were 
examined, but none of these yielded even approximately pure 
samples, and we were therefore led to attempt the purification of 
the commercial material. 

Fractional crystallisation of a-bromonaphthalene picrate had 
been used by Roux (Ann. Chim. Phys., 1887, [vi], 12, 343), and 
was fairly satisfactory, but it was finally found unnecessary to 
prepare the picrate when dealing with large quantities of material, 
and the following procedure led to excellent results. 

Commercial a-bromonaphthalene is fractionally distilled in a 
current of steam as long as the odour of naphthalene is perceptible, 
or until the distillate no longer deposits crystals at laboratory 
temperatures. The residue is then separated from the water, dis- 
solved in absolute alcohol, the whole thoroughly cooled, seeded, if 
necessary, with solid bromonaphthalene prepared by cooling a few 
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drops of the liquid, without solvent, in a test-tube immersed in the 
freezing mixture. The mass is then transferred to a Biichner 
funnel with a large filtering surface, and freed as rapidly as possible 
from the mother liquor with the aid of an efficient vacuum pump. 
When dealing with large quantities of bromonaphthalene there is 
no difficulty, even in warm weather, in securing most of the crystal- 
line material before it melts, owing to the cooling effect of the 
mass of mother liquid on the funnel. By repeated cooling of the 
mother liquors, collection of the deposits, and recrystallisation from 
absolute alcohol, large fractions may finally be obtained, in which, 
even before removal of the last traces of alcohol, an immersed 
thermometer records a melting point of 6° or slightly higher, and 
these may be dealt with as follows: 

To remove alcohol, the a-bromonaphthalene is subjected to the 
action of a current of steam for some time. To eliminate the last 
traces of water the liquid is shaken with calcium chloride, filtered, 
and finally a stream of dry air or carbon dioxide is passed through 
it at 100°. 

It has also been found that in large quantities a-bromonaphtha- 
lene may be purified by repeated partial crystallisation without 
the use of any solvent, a Biichner funnel being employed as above. 
The moisture which accumulates by deposition from the atmosphere 
on the cold material causes little practical difficulty. 


Physical Properties of a-Bromonaphthalene. 


Melting Point.—(1) The most highly purified specimens always 
melted at 6°20+0°02 when the solid consisted of the stable modifica- 
tion. 

The melting point was invariably determined by immersing a 
standardised Jena-glass thermometer in a considerable bulk of the 
substance contained in a Dewar vacuum vessel, the very small 
corrections required for exposed portions of the scale, and for any 
appreciable changes in the ice points of the thermometers, being 
made after each observation. 

(2) Under certain conditions, samples which normally melted at 
6°20° gave on solidification a solid, which fused, usually somewhat 
indefinitely, between 0° and 2°; we have not found it possible to 
obtain this form with a quite sharp melting point. The observa- 
tions render it certain, however, that a-bromonaphthalene is 
dimorphous. 

Density-—The densities of two specimens of a-bromonaphthalene 
purified in these laboratories and melting at 6°20+0°02° have been 
determined, the one by Mr. J. I. Crabtree with a sample he had 
himself purified, aad the other by one of us (M. J.). The results 
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were identical to the fifth significant figure, and were: (1) D7 1°4834 
and (2) D?1°4785.* 

Refractive Indices at 20°.—-These were determined with the aid 
of a Pulfrich refractometer, observing all the precautions recom- 
mended by Lowry in his valuable article in the Proceedings of the 
- Optical Convention (1912, p. 292). 

Line. C. D. Hg (5461). F. Hg (4358). G. 
1-6494 1-6582 1-6659 1-6819 1-7027 1-7037 

These values for the C, D, F, and @ lines are uniformly 2—2°5 ‘ 
units in the fourth decimal place lower than those given by Briihl 
(Zeitsch. physikal. Chem., 1897, 22, 388, 409). Values for the 
mercury lines do not appear to have been recorded hitherto. A 
sample of a-bromonaphthalene obtained from Kahlbaum, although 
melting several degrees too low, had almost precisely the refractive 
indices above given; the same was true of a number of our own 
specimens melting between 5°6° and 6°2°. 

Dispersion of Pure a-Bromonaphthalene at 20°.—Separate deter- 
minations of the dispersions of the compound were made, and are 
given to the fifth place (compare Lowry, Joc. cit.). 


Differences of Indices of the Sodiwm Line and the Lines: 


C. Hg (5461) F. Hg (4358). Gd. 
~0-00892 0-00769 0-02363 0-04453 0-04552 


A pplication of a-Bromonaphthalene to the Determination of 
Water in Moist Alcohol. 


The usual method of determining the compositions of mixtures 
of water and alcohol is by observations of their densities. Other 
methods, more or less successful, have been devised (compare, for 
example, Wiley, J. Amer. Chem. Soc., 1896, 18,. 1063; Gaunt, 
Zeitsch. anal. Chem., 1905, 44, 106; and Wagner, «bid., 1907, 46, 
508), including some depending on observations of clearing or 
clouding points of mixtures with other liquids. Thus Curtis tried 
toluene (J. Physical Chem., 1898, 2, 371), Siderski used ether 
(Bull. Assoc. chim. Sucr. Dist., 1909, 27, 562), whilst petroleum 
has also been suggested and applied successfully. 

Certain investigations which one of the present authors had in 
view necessitated the working out of a method for estimating the © 
composition of small quantities of moist alcohol (95—100 per cent.), 


* Confirmation of the substantial accuracy of this number has kindly been 
supplied us by Mr. W. J. Jones, who determined the density of two samples of 
a-bromonaphthalene melting a few hundredths of a degree too low. His result was : 
D® 1+47827—1-47837. 
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and a method based on the clouding points of mixtures with a 
pure third component appeared likely to prove most suitable. All 
materials previously employed were found unsatisfactory in prac- 
tice, and finally a-bromonaphthalene was selected for the purpose, 
as it may readily be obtained in a state of sufficient furity, whilst 
the clearing points of its mixtures with 90—99 per cent. alcohol 
are easy to determine with an accuracy which corresponds with an 
error in the estimated percentage of water of less than 0°03. 

The alcohol used in these experiments was prepared from 
ordinary absolute alcohol dried by calcium with the precautions 
described by Lapworth and Partington (T., 1910, 
97, 24), and its purity checked by determination 
of its density. 

Mixtures of weighed quantities of alcohol aad 
water were prepared, all weighings being reduced 
to a vacuum. The liquids were stored in special | B 
fiasks, from which they could be withdrawn and 4 
replaced by dry air. 

The vessel employed had the form indicated in 
the figure, and was made of thin Jena glass; the 
length was 8 cm., and diameter of the tubular 
portion 2 cm. The opening A was used to intro- 
duce the bromonaphthalene, whilst B admitted | Cc 
the thermometer, secured by a rubber stopper, 
through which it passes to the lower section D. 

The bulb C prevents splashing of the liquid on to 

the corks during the gentle shaking necessary. 

The thermometer was one divided into 1/5ths of D 
a degree, and could be read with accuracy to 

0°05°, and all readings were corrected. 

In working, about 6 c.c. of the alcohol_water mixture were intro- 
duced into D, the thermometer and rubber stoppers B and A 
fitted into the vessel, and the whole was weighed. A small amount 
of bromonaphthalene from a weighed burette was then introduced 
through A and the burette re-weighed. The vessel was given a 
rotatory motion to ensure admixture. 

If the bromonaphthalene so added formed a homogeneous solu- 
tion, the vessel was placed in a beaker containing water at room 
temperature. By the addition of ice-cold water the temperature 
was slowly lowered, whilst the apparatus was gently shaken until 
the liquid in D clouded. 

Just above the critical point the liquid gradually assumes an 
opalescence, especially when large proportions of bromonaphthalene 
are present, but this appearance is easily distinguished from that 
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at the true critical point, when the liquid suddenly becomes 
opaque. The exact temperature at which this opacity appeared 
was noted, with a second thermometer in the cooling vessel, care 
being taken that at the clouding point the temperatures registered 
on the two tRermometers did not differ by more than a fraction of 
a degree. 

The result was checked, and the process repeated for each 
alcohol—water solution until a whole series of checked observations 
was obtained. 

For temperatures below 0° a freezing mixture of ice and salt 
was used, and for temperatures above 15°, warm water. The per- 
centage of water present in the alcohol varied from 1 to 10, and 
some twenty solutions were prepared, for each of which a series of 
temperatures of clouding points was obtained. 

From our own results the appended table has been prepared, 
showing the temperatures of clouding of various mixtures. 


Logs., to base 10, of Concentrations * of a-Bromonaphthalene. 


1-5. 1-6. 1-7. 1-8. 1-9. 0°0. 0-1. 0-2 
Percentages of water in the moist alcohol. 
i eA 
4-81 
4-58 
4-35 
4-14 
3:93 
3°74 
3-55 
3-39 
3-20 
3-04 
2-87 
2-74 
2-60 
2-47 
2-34 
2-23 
4-46 . 2-13 
4:33 . . 2-03 
4-23 . . 1-94 
4-13 . 1-86 
4-04 3-07 , 1-78 


* The term “concentration” is here used for 
Parts by weight of a-bromonaphthalene 
Paris by weight of moist alcohol ~ 
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A very careful correlation of the numbers throughout the table 
leads us to believe that the error of any single number in this 
table is not greater than 0°03 in the “ percentage of water,” and 
additional experiments have been carried out as a further test, 
with results confirming this conclusion. 
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In practice it will probably be found that with quantities of a 
few c.c. of moist alcohol it is desirable (1) to make several observa- 
tions of clearing points to the nearest tenth of a degree with suc- 
cessive additions of known quantities of a-bromonaphthalene; 
(2) to read off the percentage of water for each from a graph 
prepared from the numbers given in the table; and finally (3) to 
adopt the mean of the values so obtained. This mean value is 
probably correct to 0°02 per cent. of water. 

Tt has finally been found that the use of quite pure a-bromo- 
naphthalene is not essential, as all fractions melting above 4°5° 
gave results identical within 0°1°; hence it is safe to assume that 
any samples of a-bromonaphthalene prepared in the usual way, and 
purified by one of the methods already described, may be used in 
conjunction with the table, providing that their melting points 
are not lower than 5°0°. 


Our thanks are due to Mr. R. M. Lingford, who was good enough 
to open the investigation by making a comprehensive and careful 
series of preliminary measurements with partly purified bromo- 
naphthalene, which has proved of great assistance to us. 

The cost incurred in the investigation was partly defrayed by 
a grant from the Government Grant Research Fund, and we have 
pleasure in expressing our indebtedness for this assistance. 


CHEMICAL LABORATORIES, 
THE UNIVERSITY, MANCHESTER. 


CLXXI.—Jonisation and the Law of Mass Action. Part 
II. Utilisation of the Osmotic Data and a New 
Dilution Law. 


By Wiutu14m Rosert Bousriztp, K.C. 


From the form of the relation established in the last communica- 
tion (this vol., p. 600) between ionisation a, combined water n, 
free water (h—n), and the osmotic properties, it is at once 
apparent that our two unknown quantities a and m appear in such 
a way that the three equations furnished by the osmotic data are 
no better than one. Hence, contrary to what is often assumed, 
neither a nor m can be obtained from the osmotic properties, except 
that where / is so large that » may be neglected, approximate 
values for a can be obtained. When the conductivities are brought 
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into the account by'means of any of the well-known dilution laws, 
| there is obtained a relation which appears to give a free from n; 
but this is not so in reality, as the values of a require a correction 
for change of mobility due to water combination. In the present 
communication it is proposed to show that the relation 

£ = K(h-n)' 


can be based on the law of mass action, and is, in fact, the true 
dilution law for the salts which it is proposed to consider—the 
chlorides of lithium, sodium, and potassium. It will be seen, how- 
ever, that K must include a small variable element, due to the 
simplification of the constitution of the water at considerable con- 
centrations. Since, however, this variability introduces errors of 
only the same order as experimental errors in the osmotic data, 
except in very concentrated solutions, A for the present will be 
taken to be a constant. In this form, the dilution law furnishes 
another equation involving a and » which enables the equations 
for a and m to be solved. Moreover, it gives three alternative 
solutions, as the dilution law can be used with either of the three 
relations, for osmotic pressure, lowering of vapour pressure, or of 
freezing point. Comparative results are thus obtained which 
furnish one means for checking the validity of the new dilution 
law. Osmotic-pressure data are non-existent, but there are vapour- 
pressure and freezing-point data which, although scanty, appear 
sufficient to demonstrate the validity of the law for the salts in 
question. The matter is complicated by the fact that the experi- 
mental observations cover a wide range of temperature. The 
freezing-point observations which are available range from --8° to 
0°. The vapour-pressure observations range from 40° to 100°. It 
therefore becomes important to consider the variation of the dis- 
sociation constant with temperature. 


The Temperature-coefficient of the Dissociation Constant. 


The observations of Noyes and his co-workers (Carnegie Publica- 
tion No. 63, on “The Electrical Conductivity of Aqueous Solu- 
tions,” 1907, p. 47) on the conductivities of potassium and sodium 
chlorides at high temperatures make it possible to show that the 
variation of the ionisation of these salts with temperature is 
approximately given by the expression log X= —CT7, where 7 is 
the absolute temperature and X is the limiting value of the dis- 
sociation constant at infinite dilution. 

It was shown in Part I (T., 1913, 103, 307) how the limiting , 
value of K may be easily ascertained from the conductivity data. 
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Since the reciprocal of X will be frequently wanted in what follows, 
it will be convenient to write 1/A=G, and to keep the letter G 
to indicate the reciprocal of the value of the dissociation-constant 
at infinite dilution, and to use it, where more convenient, instead 
of 1/K. 

In Part I. the value found for G for potassium chloride at 18° 
was 5°37. Noyes’ figures for the conductivity of potassium chloride 
at 306°, treated in the same way, give the value 26 for G, from 
which is obtained 

Joe Fig _ 9.00251 2% ~ 0 00249, 
291 579 
that is to say, log G=CT. 

Noyes’ figures are too incomplete to give a range of values for 
the dissociation-constant at infinite dilution, but there is a complete 
set of figures, both for potassium and sodium chlorides, for the 
concentration m=0°002, the consideration of which shows that, 
within the limits of experimental error, the expression 

log G=CT 
is sufficiently justified, especially as it will be necessary only to use 
the law over a range of temperature of less than 30°. Taking the 
values of G derived from conductivity measurements at 18°, the 
value of G at t° becomes 
273 +¢ 
log G = 1 

It may be noted that the variation of the dissociation-constant 
with temperature obeys approximately the same law as the varia- 
tion of the dielectric-constant. 


log G,.. 


The More Accurate Vapour-pressure Relation. 


In Part II. an approximate expression was adopted for the 
relation between vapour pressure and osmotic pressure, which 
brought out the relation between vapour pressure, ionisation, and 
free and combined water as 


PD h-n 

The approximate expression used is usually derived by consider- 
ing the equilibrium of a vertical column of solution in communica- 
tion with the solvent through a semipermeable membrane at the 
bottom of the column and with the vapour of the solvent at the 
top. The imperfections of such a mode of procedure, due to the 
variation of concentration from top to bottom of the column which 
is required to satisfy the equilibrium conditions, have been pointed 
out by Callendar and others. Callendar has shown (Proc. Roy. 
6 B2 
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Soc., 1908, A, 80, 470) that the relation between the internal 
vapour pressure of a solution and its liquid pressure is accurately 
expressed by the relation 

UdP=vdp, 
where /’ is the liquid pressure, p the vapour pressure, v the specific 
volume of the vapour in equilibrium with the solution through a 
semipermeable partition, and U “the rate of diminution of volume 
of the solution at pressure P per unit of mass of solvent 
abstracted.” By means of this differential equation, it can be 
shown * that p may with greater accuracy be replaced by 1/U, and 
since for the salts under consideration U is equal to unity within 
about two parts in a thousand, there is obtained from the con- 
siderations given in Part II. the simple relation 

dp _ lta 


P h-n 


Deduction of a Vapour-pressure Formula. 


To give expression to a range of vapour-pressure values in terms 
of concentration, it is necessary to find an empirical formula which 
is independent of n. 

To obtain a likely form for the empirical expression, n may be 
neglected, and the vapour-pressure relation may be written 
simply as 

hip/p=1+a. 
An approximate expression for a may be obtained from the 
approximate dilution law 
vr i; 
a 
by expanding which there is finally obtained as the proposed 
expression, 
hip/p=2—Gh-*+ Ah-1— Bh-i. 

We shall find that this formula does, in fact, give adequate ex- 
pression to the vapour-pressure values right down to the most con- 
centrated solutions. The advantage of obtaining the empirical 
expression in the above form is that the end-point for infinite 
dilution is right, that is, when A is infinite, hip/p=2. 


Consideration of the Experimental Data. 


Tammann has given a good series of determinations of dp for 
the three salts under consideration. (For his figures, see Landolt- 
Bornstein “Tabellen.”) The most complete series is that for 


* See a communication which will appear in the Proc, Roy. Soc. for August. 
Series 4., vol. 90. 
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lithium chloride, which will be taken for the purpose of illustra- 
tion. The values of dp/p, calculated from Tammann’s figures, are 
set out in table I, the concentrations being expressed in terms 
of h. It will be seen at a glance that dp/p has a considerable 
temperature-coefficient. The best method of extrapolating to the 


: \ FIG|I. 
ai LiCl_h)-7-278 


(e}®) 
0°31 
rhs, 


0:30 oe - 
— Tr NY 


$p/p 
$p/f) = 33#1(i- paises) de 
Wy 


0:29 a 


fan 


Yy 9 20 30 4 #50 60 #70 #6 90 100 


values of 5p/p at 18° is by means of diagrams. To illustrate this, 
the values of 8p/p for h=7°278, which happen to give a particu- 
larly good line, are set out in Fig. 1. 

The line drawn may be expressed as 


5p/p=0°3341 (1—0°001395¢), 
and the desired value of 5p/p at 18° is 0°326. 
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Tas_e I. 
16-25 


Values of h= 29-19 10-40 


Temperature. 5p/p. 
41-5° -_- 0-1345 0-2168 0-3126 
44-0 0-0693 0-1327 0-2183 0-3127 
46-5 0-0646 0-1227 0-2183 0-3140 
50-0 0-0684 0-1281 0-2182 0-3105 
51-8 0-0675 0-1319 0-2163 0-3085 
54-1 0-0709 0-1267 0-2161 0-3118 , 
56-5 — 0-1280 0-2148 0-3073 
61-7 0-0657 0-1259 0-2102 0-3019 
65-0 0-0646 0-1261 —_ 0-2997 
67-3 0-0650 0-1252 0-2091 0-2987 
69-5 0-0636 0-1223 0-2025 0-3007 
72-0 0-0621 0-1242 0-2059 0-3002 
74-8 0-0684 0-1257 0-2091 0-3006 
77-8 0-0650 0-1252 0-2065 0-2972 
79-7 0-0674 0-1252 0-2071 0-2979 
81-7 0-0657 0-1242 0-2040 0-2938 
82-8 0-0641 0-1247 0-2048 0-2945 
85-0 0-0646 0-1231 0-2041 0-2928 
87-1 0-0641 0-1237 0-2029 0-2927 
89-6 0-0667 0-1247 0-2033 0-2917 
91-6 0-0661 0-1239 0-2037 0-2916 
93-7 0-0659 0-1243 — 0-2914 
96-1 0-0651 0-1234 0-2023 0:2895 
97-6 0-0697 0-1251 0-2020 0-2900 
99-7 0-0682 0-1242 0-2021 0-2875 

Extrapolated Values for 18°. 

18-0 0-073 0-140 0-229 0-326 i 
hbp/p= 2-131 2-275 2-382 2-373 


The experimental values of 5p/p in the more dilute solutions 
come out, as would be expected, rather more erratic. Fortunately, 
theory gives, for an accurate end-point at infinite dilution, the 
expression hip/p=2. The values for the other concentrations at 
18°, obtained in the same manner from diagrams, are set out in 
table II. These values satisfy the relation 

hip/p=2 —5°966h-4 + 48°15h-1—79°2h-%, 
as is shown by the calculated values also set in table II. 


TaBLeE IT. 


Vapour Pressures of Solutions of Lithium Chloride at 18°. 


h. ip/p. hip/p. 5p/p calculated. Difference. 
7-278 0-326 2-373 0-326 + 
10-40 0-229 2-382 0-233 + 0-004 
16-25 0-140 2-275 0-140 ~ 
29-19 0-073 2-131 0-070 — 0-003 


It is surprising to find that the coefficient of h-? thus obtained ' 
gives with fair accuracy the value of the dissociation-constant for 
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lithium chloride at 18°, seeing that the constants have been deduced 
from the vapour pressures of such very concentrated solutions. 
The identity of this constant in the vapour-pressure equation with 
that given by the conductivities is of so much importance that it 
is worth while to deduce the constant from the conductivities in 
the manner described in Part I., in order to show this identity. 
In table III are set out the necessary data, that is to say, the con- 
ductivities as given by Kohlrausch, and the viscosity data, to enable 
a first approximation value of a’=A7/A, to be obtained. For the 
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value of logG@ at infinite dilution (as explained in Part I.) are 
calculated the series of values of 


log G =log(1—a’)+4logh 


which are given in table III, and are plotted as in Fig. 2 on the 
values of a’. The value of log 5966 is 0°7757. It will be seen 
from the figure that the values of log@ extrapolate at infinite 
dilution (that is, when a/=1) to the value 0°7757, which is marked 
with a cross in the figure. Inaccuracies in the conductivities 
render the line a little broken, probably owing to some uncertainty 
in the water correction at high dilutions. 
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Taste IIT. 
Conductivity Data for Lithium Chloride at 18°. 


log h. . A. a’. log G. 
e 3 98-88 1-0 ane 
5-04477 ° 97-19 0-983 0-7528 
4:74375 ° 96-52 0-976 0-7521 
4-44272 , 95-62 0-968 0-7265 
4-04476 ° 93-92 0-951 0-7126 
3-74370 , 92-14 0-934 0-6914 
3-44260 ° 89-91 0-914 0-6558 
3-04444 ° 86-12 0-879 0-6050 
2-74302 : 82-42 0-848 0-5534 
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Deduction of Lonisation from the Vapour-pressure Empirical 
Formula. 


As a confirmation of the validity of the extrapolation of the 
vapour pressures at 18° from Tammann’s data at higher tempera- 
tures, may be calculated from the above empirical formula the 
values of hip/p, and thence of a, for dilutions at which n is 
negligible in comparison with h. At such dilutions, the expression 


for a becomes simply a=hip/p—1. 
The values of hip/p are set out in table IV, together with the 


values of a calculated from them, and for comparison the values 
of a calculated from the dilution law in the approximate form 
a?/(l—a)=Kh-+. It will be seen that down to decinormal dilu- 


tion they correspond very closely. 


TaBLE IV. 
Comparative Values of a. 


a from a form 
hip'p vapour dilution 
log h. calculated. pressure. law. 
5-0448 1-9835 0-984 0-983 
4-7438 1-9756 0-976 0-976 
4-4427 1-9659 0-966 0-967 
4-0448 1-9476 0-948 0-950 
37437 1-9286 0-929 0-931 
3-4426 1-9034 0-903 0-907 
3:0444 1-8621 0-862 0-866 
2-7430 1-8273 0-827 0-827 
2-4412 1-7981 0-798 0-782 
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Thus the values of a deduced from the empirical vapour-pressure 
formula correspond with those obtained from the dilution law in 
the region of high dilution, where » may be neglected in com- 
parison with h. 
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A pplication of Empirical Formula to Sodium and Potassium 
Chlorides. 


It was somewhat remarkable that it was possible to extrapolate 
from vapour-pressure measurements on concentrated solutions of 
lithium chloride at high temperatures in such a way as to obtain 
the value of G so closely for dilute solutions at 18°. Identical 
results, however, are obtained from the same treatment of 
Tammann’s data for sodium chloride solutions. In this case, also, 
the limiting value of the dissociation-constant, calculated from the 
vapour-pressure data, comes out identical with that yielded by the 
conductivities. In the case of potassium chloride, the series only 
practically cover two concentrations. This would be insufficient 
for the deduction of the three constants required, but by using the 
known value of G, which was shown in Part I. to be 5°37, it is 
possible to get a good expression for the vapour pressure for 
potassium chloride solutions. The results are set out in the two 


following tables. 
TaBLE V. 


Vapour Pressures of Solutions of Sodium Chloride at 18°. 
hip/p=2—5°821h-4 + 42°417h-1— 67-81h-3. 


5p/p ; 
5p/p. hip/p. calculated. Difference. 


0-2485 2-261 0-2485 
0-1462 2-162 0-1462 
0-0925 2-030 0-0925 


TaBLe VI. 
Vapour Pressures of Solutions of Potassium Chloride at 18°. 
hdp/ p=2 —5°37h-4 + 37: 62h-1—78-4h-?, 


8 ‘ 

h. 5p/p. hip/p. odes. Difference. 
15-14 0-117 1-771 0-117 + 
15-47 0-114 1-764 0-115 +0-001 
29-95 0-060 1-797 0-060 + 


It will be found that at the dilute end down to 4=400, the 
vapour pressures for the three salts given by the three formule are 
practically identical. 

The New Dilution Law. 

It has been shown above that at high dilutions, where m may be 

neglected in comparison with h, the new dilution law, 


= = K(h-n) 
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(which is nearly equivalent to the old Rudolphi law when n is 
neglected), gives values for a which are in conformity with those 
deduced from vapour pressures. At the other end of the scale, 
where the combined water is of notable amount, no clue can be 
obtained to the true value of a except by bringing m into the 
account. This can be done by means of the osmotic relations 
which were dealt with in Part II. As modified by taking p equal 
to unity, these relations are: 


5 A dp _ ita 


RP” Py * kw 


Either of these equations, in combination with that furnished by 
the new dilution law, can easily be solved for a and mn. Substi- 
tuting for (h—n) in the dilution law, we get: 


a! R2 R? 
(l-a,2(l+a) A/#’ = Bp/p 

The osmotic pressure relation is omitted, as tHere are no data. 
By the use of the freezing-point data and the vapour-pressure data, 
two independent series of values of a can be obtained, from which 
the values of h—n and n can easily be derived by means of the 
equations. The equations for a are easily solved by means of a 
table which is given in the Appendix, for which purpose the values 
of the logarithm of the expression on the left, that is to say, 


4 log a—2 log (1—a)+log (1+a), 


are given for consecutive values of a, together with the differences. 
All the vapour-pressure data have been reduced to 18°, but the 
freezing-point data have to be taken at the temperatures of 
observation. For each freezing-point observation, therefore, must 
be taken the value of K appropriate to the temperature, by means 
of the expression deduced in the early part of this paper. 


The Lithium Chloride Data. 


For the freezing points of solutions of lithium chloride, a good 
series of values by Dreyers is available (“Annual Tables,” 1910, 
1, 334). These are set out in table VII. For the freezing-point 
constant is taken F=1'867, which gives for F’ the value 103°6. 
The value of K for the different temperatures is calculated from 
the formula 

; 273 +¢ 
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the value of logG,, being 0°7757. Then, by means of the table 
in the Appendix, are calculated the values of a from the value of 


log G = log G15 
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2 
los These values of a are used to calculate the values of 
h—n from the expression 

A/F’ 


Thence are obtained the values of n set out in the column headed 
“mn observed.” 

In table VIII are set out the vapour-pressure values extrapolated 
from Tammann’s data in the former part of this paper, the values 
of a and n, calculated as above, being also set out. The two series 
overlap only at one concentration, namely, h=29 approximately. 
On comparing the series of values of a and n, it must be remem- 


TaBLE VII. 


Water Combination from Freezing-point Data for Lithium 
Chloride. 


4 2 n ob- n caleu- 
h. A. log FPF’ = ilogG@. log 4/F” a. h—n. served lated. 


28-95 8-57 291761 0-7048 1-67279 0:5934 19:26 969 8-5 
34:95 6-587 2-80332 00-7101 1-77648 0-6150 25:40 955 94 
36-54 6-218 2-77830 00-7112 1-79930 0-6198 26-99 9-55 9-6 
47-24 4625 2-64972 0-7155 1-91928 0-6445 36-84 10-40 10-5 
76-28 2-713 2-41814 00-7205 0-14086 0-6893 64-50 11-78 12-2 
104-51 1-941 2-27277 0-7227 0-28183 0-7166 91-60 12-91 13-2 
164-12 1-217 2-07004 00-7245 0-48096 0-7536 149-24 14-88 14-6 
Tas.e VIII. 
Water Combination from Vapour-pressure Data for Lithium 
Chloride. 
EK? lo K nob- ncalcu- 
h. 5p/p. Sp/p- S spp a. h—n. served. lated. 


7-278 0-326 0-0862 2-93551 0-4432 4-43 2-85 2-8 
10-40 0-229 0-1227 1-08884 0-4733 6-43 3-97 4-0 
16-25 0-140 0-2007 1-30255 0-5165 10-83 5-42 5-6 
29-19 0-073 0-3849 1-58535 0-5752 21-58 7-61 7:8 
bered that all the values derived from the freezing-point data are 
at the various freezing points, whilst those from the vapour-pressure 
data are all for 18°. To make the values strictly comparable, it 
would be necessary to reduce them to a common temperature were 
it not that @ and m simultaneously vary with temperature in such 
a way that temperature may be left out of the account within 
the range under consideration. For instance, if the two over- 
lapping solutions which stand respectively at the top of the 
freezing-point series and the bottom of the vapour-pressure series 
are compared, it is found that they are nearly of the same con- 
centration, the values for h being 28°95 and 29°19 respectively. 
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The ionisation in the case of the former, however, is 0°5934, with 
a value of n=9°69 at the temperature of — 857°, whilst the ionisa- 
tion of the latter is only 0°5752, with a value of n=7°61 at a 
temperature of 26°5° higher. Thus ionisation and water combina- 
tion vary simultaneously with temperature. This will be seen more 
clearly from Fig. 3, in which the values of m for both the freezing- 
point and the vapour-pressure series are plotted on the values of a. 
They appear to give a nearly straight-line law, which may be 
roughly expressed as 
n= 38a—14. 

The values of n calculated from this expression are set out in the 
last column of the tables, and for both series there is a good agree- 
ment with the values derived from the experimental data. It is 


15 er a al 
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remarkable that within the limits of —8° and 18° this rough law 
appears to hold independently of the temperature, the reason, of 
course, being that both a and m are dependent on the temperature, 
and therefore the formula in this way automatically adjusts itself 
to differences of temperature within the range under considera- 
tion. If the progress of ionisation is (as has been consistently 
advocated by the author in conjunction with Dr. Lowry for the 
last ten years) a result of the progressive hydration of the solute, 
the same causes would be expected to influence ionisation and 
hydration pari passu. 

It is seen either from the diagram or the formula that when 
a=1, that is, at “infinite dilution,” » has the value 24. This is 
in good accord with the result reached in a recent paper (Bousfield, 
Proc. Roy. Soc., 1913, A, 88, 169), according to which at “ infinite 
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dilution” »=21. This result was deduced from the conductivities 
of dilute solutions on the assumption that the van’t Hoff law was 
valid for such solutions. Since at high dilution (as pointed out 
in Part I.) it matters little whether the index of a in the dilution 
law be taken as 3/2 or 2, this coincidence may be called in aid 
as confirming the present results. At the high dilution end the 
laws give (as they should) practically the same result; but the 
present dilution law extends right down into the region of con- 
centrated solutions. 


A pplication to Sodium and Potassium Chlorides. 


Similar results are obtained from a consideration of the data for 
concentrated solutions of sodium and potassium chlorides. It may 
here be observed that the values of » derived from freezing points 
of dilute solutions are much too erratic to be of any use for the 
purpose in question, since very small errors in the experimental 
data entirely mask the results when the value of h is above 200. 

For sodium chloride may be taken the short series of freezing- 
point values in the Landolt-Bérnstein ‘“‘ Tabellen,”’ and the vapour- 
pressure data extrapolated from Tammann’s data, as above 
described. 


TaBLeE IX. 
Water Combination from Freezing-point Data for Sodium Chloride. 
kK? 
h. A. log G. log A/F” a. h—n. nN. 
55°47 3°4237 0-7087 0-06346 0-6738 50-64 4-83 
66-04 2-866 0:7101 0-13788 0:6887 61-15 4-89 
236-00 0-808 0:7155 0-67695 0-7873 229-14 6-86 
TABLE X. 

Water Combination from Vapour-pressure Data at 18° for Sodium 
Chloride. 
Kk? 

h. 5p/p. log 5p/p ' a. h—n. nN 
9-10 0-2485 1:07591 0-4706 5-92 3-18 
14-79 0-1462 1-:30621 0-5173 10-38 4-4] 
21-95 0-0925 1-50501 - 0-5584 16-85 5-10 


The accord here is not so good, but the data are very meagre, 
and small errors in the vapour-pressure extrapolation would have 
a large influence on the value of ». The freezing-point values 
appear to extrapolate to the value »=13 at “infinite dilution,” 
which is the same as that formerly obtained from the conductivi- 
ties, but more data are required for accurate figures. 

For potassium chloride may be taken the series of freezing-point 
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values given in the Landolt-Bérnstein “Tabellen,” and the extra- 
polated vapour-pressure values before used. 


TaBLeE XI. 
Water Combination from Freezing-point Data for Potassium 
Chloride. 
K? 
h. A. log G. log A/F” a. h—n. nN 
16-97 10-61 0-6582 1-67324 0-5935 15-56 1-41 
27-91 6-46 0-6686 1-86787 0-6340 26-20 1-71 
55-48 3-2864 0-6766 0-14544 0-6901 53-28 2-20 
116-59 1-605 0-6808 0-44828 0-7476 112-82 3°77 
176-83 1-070 0-6822 0-62158 0:7780 172-12 4-71 
TaBLe XIT. 
Water Combination from Vapour-pressure Data for Potassium 
Chloride. 
tog 
h. 5p/p. °8 Spip a. h—n. n. 
15-14 0-117 1-47188 0-5515 13-26 1-88 
15-47 0-114 1-48316 0-5538 13-63 1-84 
29-95 0-060 1-76193 0-6120 26-87 3°08 


Here, again, the vapour-pressure values for n, when plotted on 
the values of a, do not quite come into line with the freezing-point 
values, but the latter show a good extrapolation diagrammatically 
to the value »=9 at infinite dilution derived in the former paper 
from the conductivities. The figures are quite near enough to 
indicate definitely that at the saturation point (h=15) the un- 
dissociated fraction of the potassium chloride is combined with 
one molecule of water, and the dissociated fraction is in combina- 
tion with two molecules of water. The line of argument to which 
this leads will, however, be pursued in reference to the ampler 
figures for lithium chloride. 

The general result is that the dilution law, 

. ie K(h—n), 

l-a 
for these three salts gives values for a and » which are in good 
accord with the freezing-point measurements in concentrated solu- 
tions, and are also in accord with the results derived from the 
conductivities at the dilute end of the scale. There is, therefore, 
good reason to believe that this law may be regarded as approxi- 
mately valid right through the whole range of concentrations of 
these salts. A consideration of the mass-action law will indicate 
a refinement which appears to be necessary for complete accuracy. 

It must not be considered that this dilution law is of general 
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application. For instance, if the law is applied to potassium 
nitrate data, it is found that both the freezing-point and the 
vapour-pressure data bring out negative values for ». A com- 
parison of the transference numbers of potassium nitrate with 
those of other salts shows that whilst the relative mobilities of 
many among them increase with increasing concentration, the 
relative mobility of the NO, ion diminishes. Here an indication 
of idiosyncrasies as regards water combination is furnished which 
must undoubtedly affect the dilution law. It appears as if every 
group of salts would require separate study, except at dilutions so 
high that a is practically unity, and therefore its proper index 
is of no consequence. Here may be expected a general conformity 


with the law 
l1-—a=Gh-}. 


The Reiation of the New Dilution Law to the Mass-action Law. 


In the case of the sodium and potassium salts, the osmotic data, 
being derived from less concentrated solutions, do not allow of the 
accurate determination of the corresponding values of a and m in 
the saturated solutions, which contain respectively nine and fifteen 
molecules of total water. A saturated solution of lithium chloride 
at 18°, however, contains only three molecules of total water. If 
the values of m are plotted for the three most concentrated solutions 
of lithium chloride against the values of h, it is possible, with good 
accuracy, to extrapolate to the value of » in a saturated solution. 
The required value of nm is found to be 1°4. From the relation 
n= 38a— 14, it is found that for n=1°4, a=0°4 almost exactly. This 
indicates that in a saturated solution of lithium chloride at 18° 
there is very nearly 


0°4 molecule of lithium chloride combined with 2 molecules of 
water per molecule of solute (or n=2), 

0°6 molecule of lithium chloride combined with 1 molecule of 
water per molecule of solute (or n=1), 


which together make up n=1°4 for the whole. 

Thus a saturated solution of lithium chloride at 18° contains 
the following components expressed in molecules, where Aq stands 
for 1 molecule of simple water, H,O: 

LiCldq LiAq ClAq Free H,O 
l—a a a 1°6 

The reaction which expresses the solution of lithium chloride in 

sufficient water for a concentrated solution is therefore 


LiCl + 1°4Aq =0°6LiC1Ag + 0°4LiAq + 0°4ClAq, 
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or, multiplying by five to express the reaction in whole numbers 
of molecules, 
5LIC1 + 7Aq =3LiClAg + 2LiAg + 2C1Aq. 

This reaction is divisible into two. The reaction of solution may 

be regarded as 
LiCl + Aq =LiClAq. 
The ionisation reaction may be regarded as 
LiClAq+Aq =— LiAq+ClAq. 
If this, however, were the true form of the reaction, it would 


lead to the equation 
2 


*— = Kh-n), 

-—@ 
whereas it is known certainly that at considerable dilution the 
expression on the right is, in fact, (hm)! instead of h—n. 

It appears, therefore, that the water cannot enter into the 
reaction as simple H,O molecules. 

If, however, it is assumed that the dihydrol molecules are the 
active water molecules in producing ionisation, the law of mass 
action at once leads to the new dilution law. 

To obtain the general relation, let 8 represent the weight frac- 
tion of free water which exists in any state of dilution as dihydrol. 
If e represents the weight of a simple molecule of water (H,O), 
the weight of dihydrol in the free water is therefore Be(h—mn), and 
the number of dihydrol molecules, which, on this hypothesis, are 
the only active molecules in producing ionisation, is 


B 
9" —n). 


Then, instead of writing the ionisation reaction as 
LiClAg+ Aq — LiAq+ClAq, 
it must be written as 
2LiClAg + Aq, — 2LiAg + 2ClAg. 
The respective concentrations, expressed in molecules, are: 


l-a; -(h-n); a; 4; 


‘ 3 
and the mass relation is 
a! 
(1 -a)? 
To compare this with the assumed dilution law, the latter must 
be squared and written 


~ Rrby_ 
= Balk n). 


4 
Toa = K*h-n), 


so that we must have Ke= KI. 
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There appear to be difficulties in the way of supposing, as above, 
that the stable Aq, molecule is broken up by the hydrated solute 
and divided ketween two molecules thereof, in solutions of 
moderate dilution. This simple hypothesis, however, appears to 
give, not only the right form of dilution law from the law of mass 
action, but also to make the numerical values in accord at the two 
end-points where they can be tested, which may be done roughly 
as follows. 

Neglecting the simple hydrol molecules, which must be relatively 
few at low temperatures, let us suppose (with Sutherland) that the 
water consists entirely of trihydrol and dihydrol. The proportions 
of these vary with temperature (Sutherland, Phil. Mag., 1900, 
[v], 50, 460). It must also be remembered that there is a great 
simplification in the constitution of the free water at great con- 
centrations of the solute (Bousfield and Lowry, Phil. Trans., 1905, 
A, 204, 282). With a saturated solution of lithium chloride, for 
which h=3 and h—n=1'6, it is highly probable that ice and 
steam molecules are almost totally destroyed, and it will be assumed 
for the purpose of the test that all the free water in a saturated 
solution of lithium chloride is in the state of dihydrol, so that 
B=1. 

Now Sutherland has shown by a consideration of the density 
law of water that at low temperatures the weight proportion of 
dihydrol is about 2/3. At infinite dilution we get from the con- 
ductivities K =1/6, and taking B=2/3, this gives 


At the saturation point we have 
a=0°4, h-n=1'6, 
and taking B=1, we get 
2a! 2 x 0°0256 . a 


K' = CR aes 2 es 
Bih—n)(l—ay? 16 x 0°36 112 


This is a satisfactory agreement. On this hypothesis, at the 
bottom end of the scale, where the mutual values of a and m can © 
be obtained with some precision, it appears that the dissociation- 
constant is the same as at infinite dilution, and that the law of 
mass action is consistent with the dilution law. 

There are, however, considerations which lead to the inference 
that the primary ionisation reaction in solutions of moderate con- 
centration is with. the trihydrol and hydrol molecules, the 
simplification of the solution with concentration taking place at 
the expense of these two varieties. 

VOL. CV. 6C 
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This hypothesis would lead to a modified form for the ionisation 
reaction, namely, ’ . 
2LiClAg + Aqs+ Aq, — 2LiAq + 2ClAq + Agqp. 

If the weight fractions of the three molecular varieties of water 
are expressed as B;, By, Bz, corresponding with hydrol, dihydrol, 
and trihydrol respectively, the molecular concentrations of the 
three varieties may be written: 


hy =B,(h—n) ; hy = F2(A—n) ; 4, = Ps (h—n) 
The mass-action law would then give, from the above reaction, 
(1—a)*hgh, = K,ath,, 
z BB (yn). 


——-- me A, x @ 

(l—a)? fe ‘ B, 
This is again identical in form with the new dilution law, and 
gives now 


or 


R? = 3K PsP 
2 
There are now no means of approximately arriving at the values 
B,, Bz, Bs. All that can be said is that in solutions of moderate 
dilution they will be approximately constant, and so also will XK. 

One must guard against laying too much stress upon the precise 
values which the extrapolations give for a and n in saturated solu- 
tion. A little larger value for ~ would suggest for the ionisation 
reaction either 

2LiClAq,+ Aq, — 2LiAq,+2ClAq, 
or 
2LiClAq,+ Aqs+Aq, — 2LiAg,+ 2ClAq + Ago. 

Having regard to the fact that lithium chloride exists in the solid 
state as a dihydrate, it is possible that the dihydrate may exist also 
in solution without dissociation. This equation obviously leads 
again to precisely the same form of dilution law, K being, as 
before, a quantity which is constant over a large range of dilu- 
tion, but contains a variable element which may be of importance 
at great concentration. 

The figures for sodium and potassium chlorides are not suffici- 
ently accurate to indicate more than that there appears to be no diffi- 
culty in deriving the dilution law for these salts on similar lines. 

Furthermore, it now appears that to obtain more exact values 
for m and a in concentrated solutions, the variability of K must 
be taken into account, for which it would be necessary to get 8, 
or B,, By, Bs, as functions of the concentration—a problem which 
remains to be solved. . 

This, however, does not substantially interfere with the figures 
on which the present deductions are founded. If, for instance, 
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the expression ./ K’B/2 is substituted for K in the dilution law, 
the equations for determining a and » from the osmotic data are 
changed to 
at oe; oe. 

(lL—a)\{l+a) 20/F 28p/p 
At the higher dilutions, the values are substantially unchanged. 
At the lowest dilution of lithium chloride, a recalculation of a 
and » with K’B/2, substituted for K*, taking B=3/4, gives a=0°45 
and »=2°83, instead of a=0°44 and »=2°85. This difference is 
not sufficient to affect the conclusions. On either of the four 
hypotheses above suggested for the ionisation reaction, the law 
of mass action at once brings out the true powers of a, (1 --a), and 
(4—m) in the dilution law, and indicates at the same time that 
in concentrated solution K must have a small variable element, 
depending on the change produced by the solute in the relative 
proportions of the varieties of water molecules. 

The salient points of this communication may now be sum- 
marised. It was possible to extrapolate with reasonable accuracy 
from Tammann’s vapour-pressure data so as to obtain values for 
5p/p in concentrated solutions at 18°. By obtaining a good 
empirical formula, it was possible to deduce values of dp/p tor 
dilute solutions which gave accurate values for a in conformity 
with the new dilution law at the dilute end. Turning to the con- 
centrated end, it was possible, by combining the osmotic equations 
with the new dilution law, to evaluate a and n for the most con- 
centrated solutions. In this way, fairly concordant values of « 
and » were obtained from the freezing-point data and the vapour: 
pressure data. From the more extended data which exist for 
lithium chloride solutions, it was possible to show that in a 
saturated solution the ionisation reaction took the form 


LiClAg + Aq =LiAg + ClAg, 


or, possibly, 
LiClAq, + Aq = LiAg, + ClAq. 

Whether it is assumed that the dihydrol molecules are those which 
primarily enter into the ionisation reaction, or that this reaction 
depends primarily on a destruction of trihydrol and hydrol mole- 
cules, a mass relation is at once obtained which is identical with 
the dilution law 

a2 

—— = K(h-—x)}, 

l-a 
upon which the calculations were founded, but the fact is disclosed 
that K is only a constant at dilutions so high that the composition 
of the free water is not materially altered by the solute. 

It is now about ten years since the conclusion was reached 


6cQ2 
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(Bousfield and Lowry, Phil. Trans., 1905, A, 204, 281, 282) that 
the processes of ionisation and hydration proceeded pari passu from 
the most concentrated to the most dilute solutions. Proceeding 
on these lines, the theory was enunciated that the hydration of 
the solute was not merely a concomitant of ionisation, but the real 
primary cause thereof (Bousfield, Zeitsch. physikal. Chem., 1905, 
58, 260; Lowry, Trans. Faraday Soc., 1905, 1, 197). Later (Bous- 
field and Lowry, 7'rans. Faraday Soc., 1907, 3, 123), by a con- 
sideration of the heats of ionisation, it was shown that water 
combination alone could furnish the great store of energy required 
for the dissociation of a pair of atoms such as potassium and 
chlorine, the original energy of combination of which was measured 
by a heat evolution of more than 100,000 calories. The considera- 
tions now put forward appear to show that the theory of ionisation 
by progressive hydration, when expressed in terms of the law of 
mass action, may also be able to give a good account of the dilution 
law in terms of the law of mass action. 


APPENDIX. 
Table of Values of H=4 log a—2 log(1 — a) —log(1 +a). 


a. E. Difference. a. E. Difference. 
0:99  3-68371 sa 0-69 0-14479 
0-98 3.06619 Ooi 068 0-09443 « PO80SE 
0-97 269837 9.56567 0-67 0-04454 9). 4945 
0-96 2-43270 9 51979 | 066 199509 9.04907 
0-95 221291 9 i 6449 0-65 1-94602 6 04974 
0-94 204842 9 1 ng 0-64 1-89728 9.04851 
0-93 1-89816 9) 3948 0-63 1-84877 9.04899 
0-92 1-76568 1} 904 0-62 1-80048 9.9481] 
0-91 1-64664 9 ip g43 0-61 1:-75237 9.94801 
0-90 1-53821 9 pogg9 0-60 1-70436 9). o47g9 
0-89 1-43832 9 ng a99 0-59 1-65644 9 ngz7gg 
0-88 1:34540 9 paro4 0-58  1-60856 9.04799 
0-87 125836 4 pg013 0-57 1-56064 9.94799 
0-86 1-17623 9 o7790 0-56 %1-51274 9.94805 
0-85 1-09833 9 97497 0-55 1-46469 9.94817 
0-84 1-02406 9. 07109 0-54 1-41652 0-04829 
0-83 095297 9) ogga4 0-53 136823 9.94855 
0-82 0-88463 9 ogs97 0-52 1-31968 9.94878 
0-81 081876 9 oga73 0-51 1:27090 9.94905 
0-80 0-75503 9) og 1 30 0-50 1-22185 9 o4998 
0-79 0-69323 9 ogo13 0-49 1-17247 9.94977 
0-78 0-63310 9 osg57 0-48 1-12270 9.05018 
0-77 0-57453 9 ps799 0-47 107252 9.9506) 
0-76 051731 6 ox 599 0-46 1:02191 9.05196 
0-75 0-46132 9 ox 439 0-45 297055 9.95149 
0-73 0-35251 9 os 304 0-43  2-86680 9. or 095 
0-72 0-29947 9 px553 0-42 281385 9.05965 
O-71 024724 9 or153 0-41 2-76020 9.0544) 
070 019571 9 ox o99 0-40 270581 9.05504 
0-69 0-14479 a 0-39  2-65057 
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CLXXII.—The Constituents of the Flowers of Anthemis 
nobilis. 


By Freperick Betpinc Power and HENRY BROWNING, jun. 


THE flower-heads of the composite plant, Anthemis nobilis, Linné, 
commonly known as chamomile flowers, or, more specifically, as 
the Roman or English chamomile, are used to a considerable extent 
medicinally, and are recognised by the British, United States, and 
other national Pharmacopeias. 

Although the above-mentioned flowers have hitherto been the 
subject of several investigations, apart from the essential oil 
which is yielded by their distillation with steam, and a substance 
designated as anthesterol, comparatively little of a definite nature 
has been known respecting their constituents. 

Camboulises (J. Pharm. Chim., 1871, [iv], 14, 337) has stated 
that the flowers contain, besides wax, fat, and dextrose, an acid 
resembling the so-called “anthemic acid” of Pattone (2bid., 1859, 
[iii], $5, 198), but which, as in the case of the latter product, was 
not definitely characterised, and was doubtless an impure substance. 
Naudin (Bull. Soc. chim., 1884, [ii], 41, 483) has recorded the isolation 
of a hydrocarbon, C,gHg, (m. p. 63—-64°), termed anthemene, and 
a crystalline substance (m. p. 188—189°) termed anthemol, whilst 
Klobb, Garnier, and Ehrwein (ib7d., 1910, [iv], 7, 948) state that 
they found a hydrocarbon of the composition CypH¢p. 

Klobb (Bull. Soc. chim., 1902, [iii], 27, 1229) obtained from the. 
flower-heads of the Roman chamomile a crystalline substance, 
designated “anthesterin” (anthesterol), which was regarded as a 
new compound belonging to the class of phytosterols.. It was stated 
to melt at 221—223°, to have [a], +48°3° (in ethylene bromide), 
and to possess the formula C,gH,,O or C.,H;,0. The same investi- 
gator (Ann. Chim. Phys., 1909, [viii], 18, 135) subsequently 
described a- and f-modifications of the benzoyl derivative of 
anthesterol, and stated that under certain conditions, which were 
difficult to determine, the B-compound is converted into a y-modi- 
fication (compare also Compt. rend., 1909, 148, 1272). In a later 
publication (Compt. rend., 1911, 152, 327) anthesterol was con- 
sidered to possess the formula C,,H;,0,3H,O, to melt at 195°, and, 
in the anhydrous state, to have [a], +79°4° (in chloroform). It 
was, furthermore, stated to have been resolved, by means of its 
acetyl derivatives, into three isomerides of different melting points, 
and, although the acetyl derivatives yielded bromo-compounds of 
varying composition, the anthesterol was, nevertheless, considered 
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to be a homogeneous substance. The most recent communication 
on the subject by the same author (Ann. Chim. Phys., 1911, [viii], 
24, 134) includes a statement that anhydrous anthesterol has 
[a], +75°4’. Cohen (Arch. Pharm., 1908, 246, 520) has con- 
sidered it probable that the anthesterol of Klobb is identical with 
lupeol, to which the doubtful formula C.,H,.O has been assigned. 
It would appear, however, from the discrepant and confusing 
‘statements above noted that the ‘“ anthesterol” of Klobb must 
have consisted of a mixture of substances, and confirmation of 
this view has been afforded by the results of the present investiga- 
tion. 

Fliickiger and Hanbury (‘ Pharmacographia,” 1879, p. 386) 
could only obtain the bitter principle of the Roman chamomile in 
the form of a brown extract, which they state is apparently a 
glucoside, and the absence of an alkaloid was confirmed by them. 

In view of the existing deficiency of knowledge, it was deemed 
desirable to submit chamomile flowers to a more complete exam- 
ination, and the xesults of the present research are summarised 
at the end of this paper. 


EXPERIMENTAL. 


The material employed for this investigation consisted of the 
flower-heads of Anthemis nobilis, Linné, collected from plants 
grown in Belgium. 

Fifteen grams of the ground material were digested with 
Prollius’ fluid, and the resulting extract tested with the usual 
alkaloid reagents. The reactions thus obtained indicated the 
presence of an appreciable amount of an organic base. 

An examination of the flowers for the presence of an enzyme 
soluble in water gave a negative result. 

Twenty-five grams of the ground flowers were successively ex- 
tracted in a Soxhlet apparatus with various solvents, when the 
following amounts of extract, dried in a _ water-oven, were 
obtained : 

Petroleum (b. p. 35—50°) extracted 1-07 grams 
Ether 3-07 
Chloroform 0:08 


Ethyl acetate 3-00 
Alcohol 2-08 


4-28 per cent. 
12-28 _ si, 

0-32 gy 
12:00 ,, 

8-32 sy 


Hud a 


Total 9-30 grams = 37-20 per cent. 


For the purpose of a complete examination, 21°09 kilograms of 
the ground material were thoroughly extracted by percolation with 
hot alcohol. After the removal of the greater part of the alcohol, 
8°33 kilograms of a viscid, brownish-green extract were obtained. 
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The whole of this extract was mixed with water and subjected 
to distillation in a current of steam, when 34°3 grams of a pale 
yellow essential oii were obtained, which distilled for the most part 
between 170° and 210° under ordinary pressure. As this product 
did not represent a normal oil, and as the latter, obtained by the 
direct distillation of the flowers with steam, has previously been 
chemically examined, it was not deemed of further interest. 


Non-volatile Constituents of the Extract. 


After the distillation of the extract with steam there remained 
in the distillation flask a dark brown aqueous liquid (A), which 
contained a quantity of suspended resin, together with fatty 
material which floated on the surface. The aqueous liquid was 
decanted and filtered, the resin being thus collected, and then 
thoroughly washed with water, whilst the fatty material was 
separately treated in a similar manner. The washings having been 
added to the main portion of the aqueous liquid, the fat and resin 
were subsequently brought together, and represent the product 
described as the resin (B). 


Examination of the Aqueous Liquid (A). 


The filtered aqueous liquid, on keeping, deposited a small amount 
of a nearly colourless substance, mixed with some resinous material. 
This substance was purified by repeated separation from dilute 
alcohol, when it appeared to be crystalline, and melted at 175—178°, 
although the liquid did not become clear until a temperature of 
about 230° was reached. It yielded an acetyl derivative melting 
at 144°, and evidently consisted of the glucoside of apigenin, 
which was subsequently isolated in larger amount, and is fully 
described below. 

After the removal of the small amount of glucosidic substance 
the aqueous liquid was concentrated under diminished pressure, 
and a portion of the liquid which represented 4 kilograms of the 
original extract was shaken with twelve successive portions of 
ether. The ethereal extracts were united, and, by the evaporation 
of a small aliquot portion, were found to contain about 70 grams 
of solid material, which possessed an intensely bitter taste, but 
no alkaloid was present. The total ethereal extract, after concen- 
tration, was shaken successively with aqueous ammonium carbon- 
ate, sodium carbonate, and sodium hydroxide. 
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Isolation of 3:4-Dihydrozycinnamic Acid, 


The ammonium carbonate extract was acidified and extracted 
with ether, when a tar-like product was obtained. This was esteri- 
fied, and the ethereal solution of the ester extracted with a 1 per 
cent. solution of potassium hydroxide. From the non-phenolic 
portion of the ester nothing definite could be isolated, but from 
the phenolic portion, after hydrolysis, 0°35 gram of an acid was 
obtained, which separated from water containing a trace of alcohol 
in small, yellow needles, melting at 220—223°. After drying at 
120°, the substance was analysed, and proved to be 3:4-dihydroxy- 
cinnamic acid. (Found, C=60°1; H=4°5. Cale, C=60°0; H=4°4 
per cent.) 


The sodium carbonate extract of the ethereal liquid yielded, on 
acidification, 0°7 gram of brown material, which was separated 
several times from dilute alcohol, but could not be obtained in a 
definitely crystalline state. It melted and decomposed at 
334—336°, and yielded a colourless acetyl derivative, melting at 
176—177°. The analysis of the substance and of its acetyl deriv- 
ative proved it to be apigenin, C,,H,,O;, which was subsequently 
obtained by the hydrolysis of its glucoside, and was also found to 
be contained in considerable amount, in the free state, in the 
ethereal extract of the resin, as noted below. 

The sodium hydroxide extract of the original ethereal liquid 
yielded, on acidification, 0°7 gram of a substance which was fairly 
soluble in water, gave no definite coloration with ferric chloride, 
and, when crystallised from ether, separated in colourless needles, 
melting at 143°. An analysis of the substance gave C=64:0; 
H=7'4 per cent., but the amount was too small to permit of its 
further characterisation. The ethereal liquid, after its successive 
extraction with alkalis, was evaporated, but no pure substance 
could be isolated from the residual neutral material. 

One-half of the original aqueous liquid which had been thor- 
oughly extracted with ether was next shaken repeatedly with warm 
amyl alcohol. This removed about 193 grams of material, which 
possessed ah intensely bitter taste. The combined amyl alcoho) 
extracts were concentrated, when after some time a quantity of 
solid material separated. This was collected, washed with light 
petroleum, and then mixed with a little water and heated in a 
current of steam, in order to remove the amyl alcohol as com- 
pletely as possible. This process of concentrating the amyl alcohol 
extract was repeated three times, and the material which separated 
was treated in each case as above described. To the small propor- 
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tion of amyl alcohol extract remaining after the preceding separa- 
tions ether was first added and subsequently chloroform, the result- 
in precipitates being separately collected, and heated in a current 
of steam as before for the removal of adhering amyl alcohol. The 
products which had been treated with steam were separated from 
the aqueous liquid by filtration, and were thus obtained in the 
form of brown, viscid masses. 


Isolation of an Agigenin-d-glucoside, Co;Ho0s9,H,O. 


As all the above-mentioned portions of brown, viscid material 
were similar in character they were mixed, and then separated 
several times from large volumes of very dilute alcohol. It was 
thus obtained in a form which permitted of its being dried, but if 
smaller volumes of solvent were used the material was deposited 
as an oil. After further successive separations from 30 per cent. 
acetic acid, and alcohol of about 20 per cent. strength, the material 
was finally obtained in microscopic crystals having a slightly 
yellow tint. This crystalline substance melted and decomposed at 
178—180°, and was found to be a glucoside. Considerable difficulty 
was experienced in drying the substance, on account of its great 
avidity for moisture. It was practically devoid of bitterness, and 
possessed only a slightly astringent taste. Its aqueous solution 
gave with alkalis a lemon-yellow colour, and with ferric chloride 
a purplish-brown coloration was produced: 

0°1321, heated at 125—130° for several days, lost 0°0106 H,O. 

H,0'=8°0. 
0°3528, dried in a desiccator over calcium chloride, lost 0°0282 
H,O. H,O=8°0. 
0°1215 * gave 0°2487 CO, and 0°0543 H,O. C=55°8; H=5°0. 
0°1820+ ,, 0°3733 CO, ,, 0°0826 H,O. C=55°9; H=5°0. 
C,,H,0,, requires C=56°0; H=4'9 per cent. 
C,,H.0,;,2H,O requires H,O=7'°4 ,,  ,, 

It will be seen from these results that the above-described sub- 
stance, when subjected to prolonged drying at 125—130°, or when 
dried over calcium chloride, agrees in its empirical composition 
with the formula C,,H,,.0,,, whilst the loss of water under the 
conditions mentioned is equivalent approximately to two molecules. 
No further amount of water could be removed from the substance, 
since at a temperature above 130° it showed a tendency to soften 
and decompose. 

A consideration of the composition of the acetyl derivative and 
hydrolytic products of the substance rendered it evident that it 


* Diijed at 125—130°, + Dried oyer calcium chloride, 
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was a glucoside of apigenin (1 :3:4/-trihydroxyflavone), C,;H,90,, 
but that, in addition to water of crystallisation, it contained a 
molecule of water which could not be eliminated without decom- 
position. The formula of the glucoside is therefore to be repre- 
sented as C,H .09,H,O. 

A compound obtained by Vongerichten (Amnalen, 1901, 318, 
124; 1902, $21, 71) by the partial hydrolysis of apiin, and desig- 
nated as d-glucoseapigenin, was stated to melt at 215—220°, and, 
when dried at 120—130°, to possess the formula C,;H»,0,5. When 
crystallised from dilute alcohol it contained an amount of water 
agreeing approximately with 2 molecules. Inasmuch as_ the 
apigenin glucoside obtained from chamomile flowers differed in 
some respects from the compound described by Vongerichten (loc. 
cit.), especially in its melting point and the elements of an addi- 
tional molecule of water, it was deemed desirable to prepare some 
of the latter compound for the purpose of comparison. The 
product obtained by the partial hydrolysis of a commercial speci- 
men of apiin, in exact accordance with the method given by 
Vongerichten (loc. cit.), was found to melt at 192—195°, the 
higher melting point (215—220°) recorded by the last-mentioned 
investigator having probably been due to the presence of a little 
apigenin. produced by further hydrolysis, which was also indicated 
by the results of his analysis of d-glucoseapigenin. It would appear 
that the latter compound undergoes partial hydrolysis on simply 
boiling its aqueous solutions, and in this respect also it differs 
from the glucoside obtained from chamomile flowers, which remains 
quite unchanged by this treatment. The product from apiin, 
melting at 192—195°, was analysed with the following result: 


0°1084, on heating at 110—120°, lost 0°0092 H,O. H,O=8'5. 
0°0992 * gave 0°2120 CO, and 0°0440 H,O. C=58'3; H=4°9. 
Cy;H01) requires C=58°3; H=4'6 per cent. 
Cy,Ho019,2H.O requires H,O=7'5 ,, ,, 


With consideration of these results, the apigenin-d-glucoside 
obtained from chamomile flowers is to be regarded as a new 
compound. 

Hexa-acetylapigenin-d-glucoside, C,H,40;,(CO*CH3;),.—A portion 
of the glucoside was heated for some time with acetic anhydride 
containing a small proportion of pyridine. The product of the 
reaction, after removing the greater part of the acetic anhydride, 
was poured into water, and the deposited substance collected. This 
substance, when separated from a mixture of alcohol and ethyl 
acetate, was obtained in colourless, microscopic crystals, melting 


* Dried at 110—120°, 
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at 144—146°. It contained water of crystallisation, which was 
only completely eliminated with difficulty : 


0°1057, on heating at 110°, lost 0°0102 11,0. H,O=9°6. 
0°0955 * gave 0°2013 CO, and 0°0419 H,O. C=57°5; H=4°9. 
C33H3.0,, requires C=57°9; H=4'7 per cent. 
C33H044,4H,O requires H,O=9'5 ,,_ ,, 
It will be seen from the above results that the molecule of water 
which could not be removed from the glucoside without decom- 
position was eliminated in the process of acetylation. 


Hydrolysis of Ayigenin-d-glucoside: 
Formation of Ayigenin, C,;H,,0;, and Dextrose. 


A portion of the glucoside was boiled with 5 per cent. aqueous 
sulphuric acid for about three hours, when a yellow product sepa- 
rated and was collected. This substance was insoluble in water, 
but fairly soluble in hot alcohol, and readily so in pyridine, from 
which on dilution it separated in yellow, microscopic needles, melt- 
ing at 345—350°. Its alcoholic solution gave with ferric chloride 
a brown coloration, and with alkalis a deep yellow colour was 
produced. It dissolved in aqueous sodium carbonate, forming a 
bright yellow solution, and, on acidification, was again precipitated 
in a yellow state. A much larger amount of the same substance 
was subsequently obtained from the ethereal extract of the resin. 
After drying at 110-—-115°, it was analysed. (Found, C=66°2; 
H=3°9; C=66°4; H=4'1. C,,H,,O; requires C=66°7; H=3°7 per 
cent.) 

The properties and analysis of the above-described substance 
render it evident that it is apigenin, and its identity was further 
confirmed by the preparation of the derivatives described below. 

For the purpose of comparison, an attempt was made to deter- 
mine, by the microscopical method in pyridine solution, the 
molecular weight of the apigenin from chamomile flowers and that 
prepared by the hydrolysis of apiin, but in both instances 
abnormally low results were obtained. 

Triacetylapigenin, C,;H,0,(CO-CH;),.—This derivative was pre- 
pared by heating ‘apigenin with acetic anhydride containing a small 
proportion of pyridine. When crystallised from methyl alcohol, it 
separated in colourless, silky needles, melting at 176—177° (com- 
pare Czajkowski, v. Kostanecki, and Tambor, Ber., 1900, 33, 1993). 
After drying at 110°, an analysis and a determination of the 
molecular weight (by the cryoscopic method in benzene) were 


* Dried at 110°. 
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made. (Found, C=63°6; H=4'2. M.W.=382. C,,H,,0, requires 
C=63°6; H=4°2 per cent. M.W.=396.) 

A solution of 0°2346 gram of the acetyl derivative in 20 c.c. of 
chloroform had no discernible optical rotation. 

A pigenin 3:4!-Dimethyl Ether, C,;H,O.(OMe),°OH.—This deriv- 
ative was prepared with the use of methyl sulphate and an excess 
of potassium hydroxide. When crystallised from a mixture of 
alcohol and ethyl acetate it separated in pale yellow needles, melt- 
ing at 168°. It was dried at 110°, and analysed. (Found, 
C=679; H=5'0; OMe=193. Cale, C=684; H=4°7; 
OMe=20°8 per cent.) 


Examination of the Sugar yielded by the Hydrolysis of 
A pigenin-d-glucoside. 


The aqueous liquid resulting from the hydrolysis of the above- 
described glucoside was treated with baryta for the removal of the 
sulphuric acid, and, after filtration, was concentrated. It then 
readily yielded an osazone, which melted and decomposed at 212°, 
and was evidently d-phenylglucosazone. 

The above results have thus shown the glucoside to be resolved 
on hydrolysis into apigenin and dextrose. A known quantity of 
the glucoside, when heated with 5 per cent. sulphuric acid, yielded 
apigenin equal to 583 per cent. of its weight (C,,;H,04,H,O 
requires C,;H,»0;=60 per cent.). The hydrolysis of the apigenin- 
d-glucoside therefore takes place according to the following 


equation : 
C,H 9019, H20 = C,;H 90; + CH 20g. 


The original aqueous liquid (A), which had been extracted with 
ether and amyl alcohol as already described, was next treated with 
a slight excess of basic lead acetate. A large amount of a pale 
brown precipitate was thus produced, which was collected and well 
washed with water. A portion of this precipitate was suspended 
in water and decomposed by hydrogen sulphide, the mixture being 
then filtered, and the filtrate concentrated under diminished pres- 
sure. The liquid thus obtained gave a greenish-black coloration 
with ferric chloride, but no precipitate with gelatin, and therefore 
appeared to contain no tannin. Separate portions of the liquid 
were subsequently so treated as to contain 5 per cent. of sulphuric 
acid and 10 per cent. of potassium hydroxide respectively, and the 
solutions then boiled for some time, but they yielded nothing 
definite. 

The filtrate from the precipitate produced by basic lead acetate 
was treated with hydrogen sulphide for the removal of the excess 
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of lead, and the filtered liquid concentrated under diminished 
pressure to the consistency of a syrup. It was found to contain a 
quantity of sugar, since it readily yielded d-phenylglucosazone, 
melting at 208—210°. A small portion of the syrupy liquid was 
tested with mercuric nitrate, but no base precipitable by this 
reagent was present. 


Isolation of Choline, C;H,,0,N. 

The chief portion of the above-mentioned syrupy liquid was 
extracted with alcohol, the alcoholic liquid evaporated, and the 
residue again treated with alcohol, this operation being repeated 
until a product was finally obtained which was soluble in nearly 
absolute alcohol. Subsequently the remaining portion of the ori- 
ginal aqueous liquid (A) which had been extracted with ether, 
together with the remainder of the aqueous liquid from the original 
alcoholic extract of the chamomile flowers, was extracted with 
amyl alcohol, then purified by treatment with basic lead acetate, 
concentrated, and treated with alcohol as above described. To the 
total amount of alcoholic liquid which had thus been obtained a 
saturated alcoholic solution of mercuric chloride was added, and the 
mixture kept for several days. The precipitate which had then 
formed was collected, washed with a little alcohol, dissolved as 
completely as possible in warm water, and the mercury removed 
from the solution by means of hydrogen sulphide. To the filtered 
aqueous liquid, slightly acidified with sulphuric acid, a solution of 
phosphotungstic acid was added, the precipitate thus produced 
being treated with barium hydroxide, the mixture filtered, and 
the excess of barium removed by carbon dioxide. The clear solu- 
tion was then neutralised with hydrochloric acid and evaporated, 
first under diminished pressure and finally in a vacuum desiccator, 
to dryness. The residue’ was repeatedly extracted with absolute 
alcohol until a product was obtained which was completely soluble 
in that liquid, and, by the evaporation of the solvent, formed very 
deliquescent, needle-shaped crystals, which possessed the characters 
of choline chloride. The portion of the residue which remained 
undissolved by treatment with absolute alcohol gave no indication 
of the presence of betaine. 

A portion of the above-mentioned crystalline substance, when 
dissolved in water, gave with a solution of auric chloride a pale 
yellow precipitate. This was collected, washed with a little water, 
and dried at 105°. (Found, Au=44°0. C;H,,ONCI1,AuCl, requires 
Au=44'5 per cent.) 

Another portion of the crystalline substance was converted into 
the platinic chloride double salt, which crystallised from water in 
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orange-coloured needles, melting and decomposing at 258—262°. 
(Found, C=19'4; H=49; Pt=31°7. (C;H,,ONCl),PtCl, requires 
C=19°5; H=4°5; Pt=31°7 per cent.) 

-The amount of choline, C;H,,O.N, obtained in the form of the 
pure gold and platinum salts was equivalent to about 0°005 per 
cent. of the weight of chamomile flowers employed, but, with con- 
sideration of its incomplete separation from the extract, it must 
have been present in a considerably larger proportion. 


Isolation of i-Inositol, CsHg(OH),. 


A small portion of the same syrupy liquid as had been employed 
for the isolation of choline was deprived as completely as possible 
of water, and then heated with acetic anhydride in the presence of 
a trace of d-camphorsulphonic acid. A quantity of the syrupy 
deposit remaining after the extraction of the choline by alcohol 
was likewise treated in the same manner. After purification of 
the acetylated products, a substance was obtained which separated 
from 70 per cent. alcohol in colourless, glistening plates. A portion 
(0°5 gram) of this substance was hydrolysed by heating with 
5 per cent. sulphuric acid in a current of steam, and the product 
crystallised from dilute alcohol containing a trace of ether. Colour- 
less needles were thus obtained, which melted at 220—224°, and 
when mixed with a known specimen of inositol no depression of 
the melting point ensued. The compound melting at 220—224° was 
dried at 120° and analysed. (Found, C=40°1; H=6°9. Calc., 
C=40°0; H=6’7 per cent.) 

The above-described acetyl derivative melted at 205—207°, and 
was devoid of optical activity. After drying at 110°, it was 
analysed. (Found, C=49'6; H=5°6. C,H,O,(CO-CHs;), requires 
C=50°0; H=5'6 per cent.) 

The presence of 7-inositol in chamomile flowers was thus definitely 
established. 


Examination of the Resin (B). 


The product cousisting of resinous and fatty material, which 
had been separated from the aqueous liquid (A), as previously 
described, amounted to about 74 per cent. of the weight of 
chamomile flowers employed. 

Inasmuch as a preliminary test of the chamomile flowers had 
shown the presence of an appreciable amount of an organic base, it 
was deemed desirable to ascertain whether such a substance was 
contained in the resinous material. A portion of this material, 
representing 4°33 kilograms of the original alcoholic extract, was 
therefore repeatedly extracted with 5 per cent. sulphuric acid. 
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The combined aqueous liquids were treated with baryta for the 
removal of the sulphuric acid, and the slight excess of baryta sub- 
sequently removed by means of carbon dioxide, after which the 
liquid was concentrated to a small volume and slightly acidified 
with hydrochloric acid. A small amount of dark-coloured, amor- 
phous material was thus precipitated, which contained nothing 
definite. By then treating the aqueous liquid with phosphotung- 
stic acid, decomposing the precipitate so produced with baryta, 
and finally precipitating the product with an alcoholic solution of 
mercuric chloride, essentially as described above in connexion with 
the isolation of choline, a further small amount of this substance 
was obtained. It yielded a platinum salt, which was analysed. 
(Found, Pt=31°4. (C;H,,ONCl),PtCl, requires Pt=31°7 per cent.) 

As the resinous and fatty material from which this small amount 
of choline was obtained had previously been thoroughly washed 
with hot water, it seems probable that the base was partly con- 
tained in the chamomile flowers in the form of a compound 
insoluble in water. 

The remainder of the resinous material, representing 4 kilograms 
of the original alcoholic extract, was mixed with purified sawdust, 
the mixture thoroughly dried, and then successively extracted in a 
large Soxhlet apparatus with various solvents. The amounts of the 
extracts thus obtained, when dried in a steam-oven, were as 


follows: 
Petroleum (b. p. 35—50°) extracted 369 grams. 


Ether pe 138 is 
Chloroform ‘ 38 - 
Ethyl] acetate ae 85 a 
Alcohol aie 117 2 


Total 747 grams. 


Petroleum Extract of the Resin. 


During the extraction of the resinous material with light 
petroleum, 55 grams of crystalline substance separated, which had 
a slight green colour, due to chlorophyll. A further amount of 
similar substance was obtained after the alkaline hydrolysis of 
the extract, and the examination of this material is described 
below. After the separation of the above-mentioned substance 
from the light petroleum, the solvent was removed, and the residue 
heated with an alcoholic solution of potassium hydroxide. The 
alcohol was then evaporated, water added, and the alkaline mixture 
extracted with ether. 
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Isolation of Triacontane, CypHepo. 


By the above-mentioned extraction of the aqueous alkaline liquid 
with ether a quantity of material was obtained, which was first 
crystallised several times from alcohol. A sparingly soluble frac- 
tion of low melting point was thus obtained, together with a number 
of products of higher melting points. The more sparingly soluble 
substance was crystallised several times from ethyl acetate, when 
it separated in colourless, glistening leaflets, melting at 64—65°, 
and amounted to 4°5 grams. This substance was identified as 
triacontane (Found, C=84:9; H=14°7. Calc., C=85°3; H=14°7 
per cent.). A hydrocarbon agreeing in composition with the formula 
CypH¢e (m. p. 64°) had previously been isolated by Klobb, Garnier, 
and Ehrwein (Bull. Soc. chim., 1910, [iv], 7, 948) from the flowers 
of Anthemis nobilis. 


Isolation of Tarazasterol, CygH4;"OH. 


The portion of crystalline substance which had separated from 
the original petroleum extract was fractionally crystallised from 
alcohol, and some of these fractions were incorporated with those 
of similar melting points which had been obtained in the course 
of the above-described separation of triacontane. All the portions 
of crystalline material were subsequently subjected to prolonged 
fractional crystallisation, first from alcohol, and afterwards from 
ethyl acetate. The fractions were then separately acetylated, and 
the process of fractional crystallisation continued with the use of 
ethyl acetate. A quantity (about 9°5 grams) of a substance was 
thus finally obtained in colourless, lustrous plates, which melted 
constantly at 248--250°. As this substance possessed practically 
the same melting point and characters as the acetyl derivative of 
the monohydric alcohol taraxasterol, previously isolated by the 
present authors from taraxacum root (T., 1912, 101, 2423), a 
little of it was mixed with the last-mentioned acetyl derivative, 
when no depression of the melting point ensued. A portion of the 
above-described acetylated substance (m. p. 248—250°) was hydro- 
lysed, and the resulting compound crystallised from alcohol, when 
it separated in small, colourless needles, melting at 217—219°. 
When mixed with taraxasterol no change in melting point was 
observed. (Found, H,O=9°3. C, .H,,0,24H,O requires H,O=9°8 
per cent. After being dried at 120°, Found, C=84'4; H=11°7. 
CopH,,0 requires C=84'5; H=11°6 per cent.) 

The optical rotatory power of the substance was determined 
with the following result: 
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0°2855,* made up to 25 c.c. with chloroform, gave a, +2°11’ in 
a 2-dem. tube, whence [a], + 95°6°. 

When a small amount of the substance is dissolved in chloroform 
with a little acetic anhydride, and a few drops of concentrated 
sulphuric acid subsequently added, a pink colour is produced, which 
slowly changes to a dark magenta with a green fluorescence. 

The composition and characters of the above-described substance 
rendered it evident that it was taraxasterol, and its identity with 
the latter was further confirmed by an examination of the acetyl 
derivative. (Found, C=81°7; H=11°2. C,,H;,0, requires C=81'9; 
H=11°'0 per cent.) 

A determination of its optical rotatory power gave the following 
result : 

0°3666,* made up to 20 cc. with chloroform, gave a, +3°37! in 

a 2-dem. tube, whence [a], + 98°7°. 

The specific rotation of acetyltaraxasterol was previously 
recorded (loc. cit., p. 2424) as + 122°2°, but this evidently involved 
an error, since a redetermination of the rotation of the same speci- 
men of the substance has given [a], +102°5°. 

The monobromoacetyl derivative (m. p. 235—237°) was also 
prepared. (Found, C=699; H=94. C,,H,.O,Br requires 


C=69°8; H=9-2 per cent.) 


In the process of separating the above-described acetyltaraxa- 
sterol several fractions of lower melting point were obtained, and 
two of these were more completely examined, with the following 
results : 

I. M. p. 235—237°; [a], +91°1°; C=81'7; H=11°1 per cent. 
II. M. p. 220—225°; [a], +69°5°; C=81'3; H=112 ,,_ ,, 
The composition and character of these fractions indicate that 

taraxasterol is accompanied in the chamomile flowers by one or 
more analogous substances, possessing both a lower melting point 
and a lower optical rotation. 

Inasmuch as it is now known that phytosterols of the composi- 
tion C,,H,,O frequently occur in plants in the form of their gluco- 
sides, and also that such glucosides can be prepared synthetically 
(T., 1913, 108, 399, 1022), it was deemed of interest to ascertain 
whether taraxasterol is capable of forming such a compound. A 
quantity of anhydrous taraxasterol and pure bromoacetoglucose, 
dissolved in dry ether, were accordingly shaken for several hours 
with freshly precipitated dry silver oxide, but no trace of glucosidic 
substance could be found in the product. 


* Dried at 120°. 
VOL. CV. 6 D 
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Examination of the Fatty Acids. 


The previously mentioned aqueous, alkaline liquid, which had 
been extracted with ether for the removal of the unsaponifiable 
material, was next acidified, and again extracted with ether. The 
fatty acids thus obtained were converted into their methyl esters, 
the latter amounting to 65 grams. These esters were distilled 
twice under diminished pressure, when they passed over between 
200° and 275°/25 mm., and were found to be optically inactive. 
The esters were subsequently hydrolysed, and the acids separated 
into liquid and solid portions by conversion into their lead salts 
and treatment of the latter with ether. 

The Liquid Acids.—These acids, when distilled twice under 
diminished pressure, passed over between 200° and 230°/10 mm., 
and amounted to 4 grams. They gave on analysis C=76°9; 
H=11°'5, and had an iodine value of 153°3: 

C,,H;,0, requires C=76°6 ; H=12°1 per cent. Iodine value=90°1. 
CigH 20, »  C=771; H=114 ,, ,, Iodine value=181°4. 

The liquid acids thus appear to consist of a mixture of oleic and 
linolic acids, the latter predominating. 

The Solid Acids.—These acids, amounting to 14 grams, were 
fractionally crystallised from a mixture of alcohol and ethyl acetate, 
when a small fraction was obtained, which melted at 76—77°, and 
evidently consisted of cerotic acid. (Found, C=78'5; H=13°2. 
C,,H;,0, requires C=79°0; H=13°2 per cent.) 

The main fraction of acid melted at 52—54°. It gave on analysis 
C=75'4; H=12°7, and had a neutralisation value of 200: 

C,sHg,.0, requires C=75°0; H=12°5 per cent. N.V.=219°1. 

CH 3,02 ts C=761; H=1237 , » N.V.=197°5. 

This fraction of acid thus appeared to be a mixture of palmitic 
and stearic acids. 


Ether Extract of the Resin. 
Isolation of a Phytosterol Glucoside. 


The ether extract of the resin was kept for some time before the 
removal of the solvent, when it deposited 11 grams of material, 
which had a green colour, due to chlorophyll. This material was 
collected and purified by treatment with dilute pyridine, from 
which it separated in nearly colourless, microscopic crystals, melting 
at 280—283°. It was dried at 120° and analysed: 

0°1031 gave 0°2757 CO, and 0°0982 H,O. C=72:9; H=10°6. 

C.3H;,0, requires C=72°3; H=10°2 per cent. 
C35 H ggg ws C=73'5; H=102 ,, ,, 


VS = we fw 
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A portion of the substance was acetylated, and the product 
crystallised from alcohol, when it separated in small, needle-shaped 
crystals, melting at 159—160°. After drying at 110°, it was 
analysed : 

0°0958 gave 0°2421 CO, and 0°0787 H,O. C=68'9; H=9'l. 

C33H;90,(CO-CH;), requires C=68°7; H=8°9 per cent. 
CxgH;¢0,(CO°CH;), ‘* C=69°8; H=90 ,,_ ,, 

The above results would thus indicate that the substance melting 
at 280-—283° was a mixture of the glucosides of sitosterol, C.7H,,O, 
and stigmasterol, C,,H;,O. Its identity as a phytosterolin was 
established by hydrolysing it in amyl alcohol solution by means 
of hydrochloric acid. The phytosterol so produced was fractionally 
crystallised several times from a mixture of alcohol and ethyl 
acetate, when the main portion was obtained in glistening plates, 
melting at 136—139°: 

0°1991, on heating at 115°, lost 0°0089 H,O. H,O=4°5. 

0°0993 * gave 0°3044 CO, and 0°1060 H,O. C=83°6; H=11°9. 

C.,H,yO requires C=83°9; H=11°9 per cent. 
C,,H,0,H,O requires H,O=4'4 per cent. 

The original phytosterolin thus appeared to consist, for the most 

part, of a sitosterol glucoside. 


The ethereal liquid from which the crude phytosterolin had been 
removed was shaken several times with an aqueous 8 per cent. 
solution of hydrogen chloride, when a considerable amount of an 
emulsion was formed. The acid liquids gave reactions with the 
usual alkaloid reagents, but, when made alkaline and extracted 
with both ether and chloroform, nothing definite could be obtained 
from them. The material which separated from the above-men- 
tioned emulsion was washed with ether, and a portion of it heated 
in aqueous alcohol with dilute hydrochloric acid. A small amount 
of apigenin was thus obtained, but the material appeared to remain 
for the most part unchanged. This unchanged material, together 
with the remainder of the original portion, was then heated for 
about ten minutes with a 50 per cent. aqueous solution of potassium 
hydroxide, the product poured into a slight excess of cold dilute 
hydrochloric acid, and the mixture extracted with ether. On 
shaking this ethereal liquid with aqueous ammonium carbonate, a 
very small amount of an acid was obtained, which, when crystal- 
lised from water, melted at 207—209°, and gave a dark yellow 
coloration with ferric chloride. The substance was evidently 
p-hydroxybenzoic acid, which, together with p-hydroxyacetophenone, 
is known to be formed by the alkaline hydrolysis of apigenin 


* Anhydrous substance. 
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(T., 1897, 71, 810). After shaking the ethereal liquid with 
ammonium carbonate, it was extracted with aqueous potassium 
hydroxide, which removed some dark-coloured material. The latter, 
when treated with petroleum of high boiling point, yielded a 
substance which crystallised from benzene in small, nearly colour- 
less needles, melting at 105—-107°, and was identified as phydroxy- 
acetophenone (Found, C=70°5; H=5°9. Cale., C=70°6; H=5'9 
per cent.). A small amount of the substance was converted into 
the oxime, which melted at 139—140°. 

The original ethereal extract of the resin, which had been shaken 
with aqueous hydrogen chloride, as above described, was next 
washed with water, and then shaken successively with aqueous 
ammonium carbonate, sodium carbonate, and sodium hydroxide, 
the ether being finally evaporated. All of these products were of 
a resinous nature, with the exception of the material removed by 
sodium carbonate, from which ultimately 9 grams of pure apigenin 
were obtained. 


Chloroform, Ethyl Acetate, and Alcohol Extracts of the Resin. 


These extracts were separately examined, but they yielded 
nothing of further interest. The ethyl acetate extract evidently 
contained some of the previously described glucoside of apigenin, 
for, after heating with dilute hydrochloric acid, a small amount 
of apigenin was obtained, together with a sugar which yielded an 
osazone melting at 212—215°. 


Summary. 


The material employed for this investigation consisted of the 
flower-heads of Anthemis nobilis, Linné, collected from plants 
grown in Belgium. 

Apart from the essential oil yielded by distillation with steam, 
the flowers have been found to contain the following definite com- 
pounds: (i) 3:4-dihydroxycinnamic acid; (ii) apigenin, C,;H,,O; ; 
(iii) a glucoside of apigenin, Cy,;H0i,H,0 (m. p. 178—180°), 
which yields an hexa-acetyl derivative, C33H3.0;4,4H,O, melting at 
144—146°; (iv) choline, C;H,;O,N; (v) «inositol, C;H,(OH),; 
(vi) triacontane, CyHg.; (vil) taraxasterol, C,9H,;-OH (m. p. 
217—219°); (viii) a phytosterolin (m. p. 280—283°), consisting 
chiefly of sitosterol-d-glucoside, Cy,H;,0,; (ix) a mixture of fatty 
acids, consisting of cerotic, stearic, palmitic, oleic, and linolic acids. 
The flowers contained, furthermore, a considerable quantity of 
sugar, which yielded d-phenylglucosazone (m. p. 208--210°). The 
amount of fatty and resinous material, from which some of the 
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above-mentioned substances were obtained, was equivalent to about 
7°4 per cent. of the weight of flowers employed. 

The so-called “anthemic acid” of previous investigators was 
evidently a very indefinite product, while the “ anthesterol” of 
Klobb was doubtless a mixture, consisting chiefly of the compound 
which has been designated by the authors as taraxasterol. 

The bitter taste of chamomile flowers appears to be due to dark- 
coloured, amorphous material, and not to any well-defined constitu- 
ent. It was found, for example, that the portion of the alcoholic 
extract which is soluble in water, when extracted successively with 
ether and amyl alcohol, yielded viscous products, which possessed 
an intensely bitter taste. 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES. 
Lonpon, E.C. 


CLXXIII.— The Constituents of Clematis vitalba. 


By Frank Tutin and Huspert WiLtiAM Bentley CLEWER. 


Clematis vitalba, Linné, is a climbing plant which is well known 
in this country under the name of “Traveller’s Joy” or “Old 
Man’s Beard.” It is stated in books of reference to contain a 
volatile, acrid substance, tannic acid, mucilage, and earthy salts, 
together with an alkaloid, “clematine.” On referring, however, 
to an early publication on the subject (Gaube, J. Pharm. Chim., 
1869, 10, 122), it was found that the author did not claim to 
have isolated an alkaloid, but only “a product which was alkaline,” 
and no mention is made of its being an organic substance. 

Attention has been drawn to the subject of Clematis by Dr. F. 
Baum, who considered it to merit a chemical examination. In 
view of the very scanty information at present available regarding 
the constituents of the plant in question, it has been investigated 
by the present authors. 

No alkaloid, and only a trace of volatile substance could be 
detected, and the statements regarding the acrid, irritant pro- 
perties of the plant cannot be confirmed. The most interesting 
substances which have now been isolated are caulosapogenin, 
CyHg0,, and a new glucoside of the latter, which has the pro- 
perties of a saponin. A summary of the results of the present 
investigation will be found at the end of this paper. 


EXPERIMENTAL. 


The material employed for this investigation consisted of the 
flowering branches of Clematis vitalba, Linné, which had been 
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specially collected by one of the authors near Ware, in Devon- 
shire, during the summer of 1912. 

In order to ascertain whether any fugitive, volatile substance 
were present, as has previously been alleged, 450 grams of the 
fresh material were cut in small pieces and distilled in a current 
of steam, but practically no volatile material was removed. 

Ten grams of the dried and ground material were digested with 
Prollius’s fluid, and the resulting extract tested for the presence 
of an alkaloid, but with a negative result. 

Twenty grams of the dried and ground material were extracted 
successively in a Soxhlet apparatus with various solvents, when 
the following amounts of extract, dried at 100°, were obtained: 


Petroleum (b. p. 35—50°) extracted 0-20 gram 1-00 per cent. 
0-21 


Ether a 2 » = 1-06 ‘a 
Chloroform a 0-11 , == 0-55 m 
Ethyl acetate ? O21 .. = 1-55 = 
Alcohol as 162 , = 810 - 


Total 2-45 grams = 12-25 per cent. 


For the purpose of a complete examination, 55 kilograms of 
the fresh material were dried, when an amount of moisture was 
lost equivalent to 64°9 per cent. of the original weight. A quan- 
tity (18°35 kilograms) of the dried and ground material was then 
completely extracted with hot alcohol, when, after the removal 
of the greater part of the solvent, 4°36 kilograms of a nearly black 
extract were obtained. 

The entire amount of the above-mentioned extract was mixed 
with water, and steam passed through the mixture for several 
hours, but nothing appreciable was removed by this treatment. 
There then remained in the distillation flask a dark brown, 
aqueous liquid (A) and a quantity of dark green resin (B). The 
latter was separated, and repeatedly washed with boiling water, 
the concentrated washings being added to the main portion of the 
aqueous liquid. 


Examination of the Aqueous Liquid (A). 
Isolation of 3:4-Dihydroxycinnamie Acid. 


The aqueous liquid (4) was extracted six times with ether, the 
combined ethereal extracts washed, and then shaken successively 
with aqueous ammonium carbonate, sodium carbonate, and potass- 
ium hydroxide, the alkaline extracts being immediately acidified. 
The ammonium carbonate extract yielded brown, resinous material, 
together with some crystals. The total liquid was, therefore, again 
extracted with ether, and the ethereal liquid fractionally ex- 
tracted with many small successive portions of aqueous ammonium 
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carbonate, when the crystals were obtained almost free from resin. 
The product so obtained was recrystallised from a mixture of 
alcohol and ethyl acetate, when it formed small, pale brown 
prisms, which melted and decomposed at 218°, and proved to be 
3:4-dihydroxycinnamic acid. (Found, C=60°0; H=4°6. Calc. 
C=60°0; H=4°4 per cent.) The amount obtained was 3 grams. 
3:4-Dihydroxycinnamic acid has frequently been obtained from 
plant products after treatment with alkali hydroxides, but its 
occurrence in the free state appears to be rare. 


The products obtained from the above-mentioned sodium carb- 
onate and potassium hydroxide extracts consisted essentially of 
amorphous material, but the former also contained a very small 
amount of a crystalline substance. 


Isolation of Caulosapogenin, CH 6g0¢. 


The original aqueous liquid (A) which had been extracted with 
ether was shaken with ten successive portions of amyl alcohol. 
The combined amy] alcohol extracts were washed and concentrated 
under diminished pressure, when, on cooling, a brown-coloured 
solid separated, and was collected. Both the solid (a) and the 
filtrate (b) were mixed with water and evaporated under dimin- 
ished pressure for the removal of the amyl alcohol, when clear, 
brown-coloured solutions were obtained. The aqueous solution of 
the solid (a), however, on keeping, slowly deposited a quantity 
of a brown, tarry product, from which the supernatant liquid 
was decanted. A portion of the latter was then treated with 
such an amount of sulphuric acid as to represent 4 per cent. of 
the total mixture, whereupon the liquid became turbid. Sufficient 
alcohol was then added to produce a clear solution, and the mix- 
ture boiled for two hours, after which it was cooled, and extracted 
with ether. The ethereal extracts were washed, and extracted 
successively with aqueous ammonium carbonate, sodium carbonate, 
and potassium hydroxide. The material removed by the first- 
mentioned alkali was resinous in character, but on acidifying the 
sodium carbonate and potassium hydroxide extracts and extracting 
them with ether, a product was obtained which yielded colourless, 
rhombohedral crystals, on allowing its solution in boiling alcohol 
to evaporate. This substance melted at 323°, and proved to be 
identical with caulosapogenin, C,.H,,O,, a substance which was 
recently obtained by Power and Salway from Caulophyllum 
thalictroides (T., 1913, 108, 198). The identity of the two pre- 
parations in question was confirmed by direct comparison of the 
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original products and of their derivatives. The caulosapogenin 
from Clematis yielded the following results: 


0°1014 gave 0°2817 CO, and 0:0933 H,O. C=75°8; H=10°2. 
0°4414, in 23°3 acetic acid, gave At+0°072°. M.W.=668. 


Diacetylmonosodiocaulosapogenin was also prepared. (Found, 
Na=3°7. CygHggO,Na requires Na=3°0 per cent.) 

It having been ascertained that caulosapogenin is unchanged 
by boiling for five hours with concentrated alcoholic potassium 
hydroxide, the action of this alkali on the above-described diacetyl- 
sodio-derivative (prepared by Power and Salway) was investigated, 
when it was found that caulosapogenin was recovered unchanged. 
It therefore appears probable that no more profound change than 
acetylation occurs during the treatment with acetic anhydride. 

Benzoylation of Caulosapogenin.—Tetrabenzoylcaulosapogenin 
was prepared by Power and Salway, but the present authors, in 
repeating the preparation of this compound, obtained, in addition, 
a second benzoyl derivative. 

A quantity of caulosapogenin was benzoylated in pyridine 
solution, and the resulting product isolated. The latter was then 
dissolved in a mixture of alcohol and ether, and kept for some 


time, when it slowly crystallised. The solid so obtained, however, 
was found to be not homogeneous, and was therefore fractionally 
crystallised from ethyl acetate. A relatively small portion of the 
product was sparingly soluble, and separated from the hot solvent 
in stout, lustrous needles, melting constantly at 252°: 


0°0914 gave 0°2628 CO, and 0°0686 H,O. C=784; H=83 
per cent. 


This result does not agree with any possible benzoyl derivative 
of a substance, Cy.H,,O,. Nevertheless, the compound was un- 
doubtedly pure, and regenerated pure caulosapogenin on hydrolysis. 
As in the case of the results obtained by the analysis of caulo- 
sapogenin methyl ether and its benzoyl derivative, described below, 
it indicates that further work is necessary before the formule of 
caulosapogenin and its derivatives can be considered to be de- 
finitely established. The amount of material available in the 
present case, however, was not sufficient to permit of this being 
accomplished. 

The mother liquors from the above-described benzoyl derivative 
yielded tetrabenzoylcaulosapogenin, melting at 282°, and identical 
with the compound described by Power and Salway (loc. cit.). It 
separated in colourless prisms, and, on hydrolysis with alcoholic 
potassium hydroxide, regenerated pure caulosapogenin. (Found, 
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C=774; H=83. M.W.=971. C,H »O, requires C=77'6; 
H=7'6 per cent. M.W.=1082.) 

In this case it will be noticed that the percentage of hydrogen 
found is appreciably higher than that required by theory. 

Caulosapogenin Methyl Ether—Caulosapogenin was dissolved 
in alcoholic sodium hydroxide and the solution heated under a 
reflux condenser, methyl iodide being added from time to time until 
a neutral liquid was obtained. A further quantity of alkali was 
then added, and the mixture again heated for some time, when the 
product was isolated. A substance was thus obtained which, after 
several crystallisations from methyl alcohol, formed long, soft 
needles, melting constantly at 229°: 

0°3697,* on heating at 130°, lost 0°0107 CH,O. CH,O=2°9. 

0°1016 + gave 0°2849 CO, and 0°0961 H,O. C=76'5; H=10°5. 

0:0938+ ,, 0°2627 CO, ,, 0:0890 H,O. C=764; H=10°5. 

01692 ,, 01037 AgIl. OMe=8'l. 

00987 ~=s,,_—s«0'0586 AgI. OMe=7°8. 

These results were amply confirmed, six concordant analyses 
being conducted ; nevertheless, they are not in agreement with the 
results obtained by Power and Salway (loc. cit.), and do not 
harmonise with the theoretical figures for any possible methyl 
ether of caulosapogenin, providing that the latter is correctly 
represented by the formula C,.H,gO,. A methyl ether of identical 
composition and properties was also obtained when caulosapogenin 
was methylated by means of methyl sulphate. 

With the endeavour to elucidate the cause of the above dis- 
crepancies, a quantity of caulosapogenin, prepared by Power and 
Salway from Caulophyllum thalictroides, was methylated, and the 
resulting ether (m. p. 229°) analysed. The latter then gave 
C=765; H=10°5; OMe=7°5 per cent., in fairly good agree- 
ment with the results given above, whilst Power and Salway found 
C=75'7; H=10°3; OMe=5'5 per cent. It may be pointed out 
however, that the methoxyl found by the last-mentioned authors 
is nearly 1 per cent. higher than that theoretically required for 
caulosapogenin monomethyl ether. 

The optical rotations of the methyl ethers of caulosapogenin 
from the two sources were identical, within the limits of experi- 
mental error. Thus, the present authors found for the product 
prepared from Clematis [a], +73°3°, in chloroform solution, whilst 
Power and Salway found [a], +74°4°. 

Attempts were made to determine the molecular weight of 
caulosapogenin methyl ether in several solvents by the cryoscopic 
method, but resulted in failure, owing to the formation of colloidal 
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jellies. A determination was readily conducted, however, by the 
ebullioscopic method : 

0°3353 in 23 of chloroform gave At+0°135°. M.W.=395. 

This result, as well as that obtained from the benzoyl derivative 
of the methyl ether, described below, is much lower than was 
expected, with consideration of the results obtained from caulo- 
sapogenin and its benzoyl derivative. 

Benzoyl Derivative of Caulosapogenin Methyl Ether—Caulo- 
sapogenin methyl ether (m. p. 229°) was benzoylated in pyridine 
solution, and the resulting product dissolved in ether and deprived 
of pyridine and benzoic acid. The solution was then evaporated, 
and the residue kept for some time, when hard, colourless rosettes 
of needles slowly formed. The solid was then recrystallised from 
petroleum (b. p. 90—120°), when it formed needles, melting 
constantly at 187-—188°: 

0°0925 * gave 0°2640 CO, and 0°0716 H,O. C=77°8; H=8'6. 

0°4203 * in 23°96 benzene gave At —0°155°. M.W.=566. 

0°4695,* on hydrolysis, neutralised 13°9 c.c. W/10-NaOH. 
CO-C,H; =31°1. 

These results, as in the case of those obtained from the methyl 

ether, are not in harmony with any possible simple derivative 


of caulosapogenin, CyH¢,O,. 

The product resulting from the hydrolysis of the above-de- 
scribed benzoyl derivative consisted of the unchanged methyl ether, 
melting at 229°. 

The amount of caulosapogenin available was not sufficient to 
conduct any further experiments with a view to arrive at an 
explanation of the above-described, apparently anomalous results. 


A further portion of the aqueous solution of the solid (a) was 
boiled for two minutes with aqueous potassium hydroxide, when 
the mixture was cooled, acidified, and extracted with ether. The 
ethereal liquid was then fractionally extracted with various alkalis, 
when it yielded resinous products, together with small amounts 
of caulosapogenin and 3 :4-dihydroxycinnamic acid. 

The brown, resinous material which had separated from the 
aqueous solution of the solid (a), as previously mentioned, was 
carefully examined for the presence of caulosaponin, but with 
a negative result. Nevertheless, on hydrolysis with dilute sulph- 
uric acid, it yielded a further quantity of caulosapogenin, together 
with dextrose, thus indicating the presence of a glucoside of 
caulosapogenin. 

The filtrate (6) from the solid portion of the amyl alcohol 

* Dried at 130°. 
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extract of the aqueous liquid was kept for some time in aqueous 
solution, but no solid substance separated. The liquid was there- 
fore divided into two portions, which were heated with dilute 
aqueous sulphuric acid and potassium hydroxide respectively. 
The portion heated with acid yielded, on examination, a further 
amount of caulosapogenin, whilst that heated with the alkali 
gave about 3 grams of 3:4-dihydroxycinnamic acid. No other 
crystalline product could be isolated. 


The original aqueous liquid (A) which had been extracted with 
amyl alcohol was deprived of this solvent, and treated with an 
excess of basic lead acetate. A voluminous, pale brown precipi- 
tate was thus produced, which was collected, washed, suspended 
in water, and decomposed by means of hydrogen sulphide. The 
filtrate from the lead sulphide precipitate could not be evaporated 
under diminished pressure on account of its saponaceous properties. 
It was therefore evaporated under the ordinary pressure, when a 
quantity of a brown solid separated, and was collected. This solid 
was found to consist of crude caulosapogenin, and readily yielded 
the latter in a pure state after solution in alcohol and treatment 
with animal charcoal. 

The filtrate from the crude caulosapogenin above described, was 
dark brown. On treatment with alkali it yielded a small amount 
of 3:4-dihydroxycinnamic acid, together with amorphous products. 

A further amount of caulosapogenin was obtained by extracting 
the above-mentioned lead sulphide precipitate with alcohol. 

The filtrate from the basic lead acetate precipitate described 
above was bluish-green owing to the presence of copper. It was 
examined for the presence of asparagine and allantoin, but with 
a negative result. The lead and copper were then removed by 
means of hydrogen sulphide, and the filtered liquid concentrated 
under diminished pressure to the consistency of a syrup. On 
heating a portion of the syrup with potassium hydroxide it 
evolved a quantity of ammonia, and, when treated with phospho- 
tungstic acid, it yielded a copious precipitate. This behaviour, 
however, was found to be due to the presence of ammonium salts, 
and not to betaine or choline. 

A further portion of the aqueous syrup, when examined for 
sugar, readily yielded d-phenylglucosazone (m. p. 214°), and, after 
acetylation, gave B-penta-acetyldextrose, melting at 128—129°. 
It therefore evidently contained a considerable quantity of 
dextrose. 
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Examination of the Resin (B). 


The resin (B) was a hard, dark green mass, and amounted to 
420 grams, being thus equivalent to 2°29 per cent. of the weight 
of dried plant employed. It was dissolved in alcohol, mixed with 
purified sawdust, and the thoroughly dried mixture extracted 
successively, in a large Soxhlet apparatus, with light petroleum 
(b. p. 35—50°), ether, chloroform, ethyl acetate, and alcohol. 


Petroleum Extract of the Resin. 
Isolation of Melissic Acid and Myricyl Alcohol. 


The petroleum extract of the resin was a dark green, waxy 
mass, and, when deprived of solvent, amounted to 300 grams. 
It was digested with 2 litres of ether, the mixture kept for some 
time, and filtered. Five grams of a green solid were thus obtained, 
which was washed with ether and then distilled under diminished 
pressure, when the greater part of it passed over at a high 
temperature as a light-coloured distillate. The latter, which 
solidified on cooling, was crystallised from ethyl acetate, but it 
did not appear homogeneous. It was therefore dissolved in chloro- 
form, and the solution shaken with aqueous potassium hydroxide, 
when an insoluble potassium salt was precipitated. The latter 
was collected and washed by digestion with chloroform. The 
regenerated acid then separated from ethyl acetate in small, 
colourless crystals, which melted at 88°, and proved to be melissic 
acid. (Found, C=79°4; H=13°3. Cale., C=796; H=13°3 per 
cent.) Its identity was confirmed by the preparation of methyl 
melissate, which formed nacreous leaflets, melting at 74°. 

The above-mentioned chloroform solution, after separation from 
the insoluble potassium salt, was washed and evaporated. The 
neutral residue was then crystallised from ethyl acetate, when it 
formed colourless leaflets, melting at 84°, and was identified as 
myricyl alcohol. (Found, C=82:°0; H=142; Cale., C=82°2; 
H=14'2 per cent. 


The ethereal solution of the more readily soluble constituents 
of the petroleum extract of the resin, from which the crude mix- 
ture of melissic acid amd myricyl alcohol had been removed, was 
extracted with various alkalis, but nothing definite was obtained 
by this treatment. The ether was therefore removed, and the 
residue hydrolysed by heating for two hours with an excess of 
alcoholic potassium hydroxide. Water was then added, and the 
mixture extracted repeatedly with ether, during which operation 
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a quantity of a flocculent solid separated at the juncture of the 
aqueous and ethereal layers. This was collected, when it was 
found to consist chiefly of the potassium salt of a higher fatty 
acid. It was freed from some neutral material, and the fatty 
acid isolated and crystallised from ethyl acetate. Small, glistening 
leaflets were thus obtained, which melted at 79°, and were ex- 
amined in connexion with another similar product, as described 
below. 

Isolation of Ceryl Alcohol. 


The ethereal solution of the unsaponifiable material, which had 
been separated from the alkaline aqueous liquid, as above de- 
scribed, was washed, dried, and evaporated. The residue (170 
grams) was then dissolved in alcohol, when, on cooling, a quantity 
(about 45 grams) of an apparently amorphous product separated. 
This product was again dissolved in alcohol, and the material which 
separated on cooling collected. Since the solid so obtained did 
not appear homogeneous, it was dissolved in pyridine and the 
mixture heated with an excess of phthalic anhydride. Water 
was then gradually added to the warm solution, and the resulting 
liquid extracted with ether. The ethereal solution was deprived 
of pyridine and shaken with aqueous sodium carbonate, when a 
quantity of a solid sodium salt of an acid phthalic ester separated. 
The latter was collected and hydrolysed with alcoholic potassium 
hydroxide, when 5 grams of a fatty alcohol were obtained. The 
latter was recrystallised several times from petroleum (b. p. 
90—120°) and ethyl acetate, when it formed small, glistening 
leaflets, melting constantly at 78°, and was identified as ceryl 
alechol. (Found, C=81'9; H=141. Cale, C=81'8; H=141 
per cent.) 

Isolation of Hentriacontane, C,He,. 


The ethereal solution from which the sodium salt of the ceryl 
hydrogen phthalate had been separated was evaporated and the 
residue (about 35 grams) distilled under diminished pressure. 
The distillate (about 15 grams) was crystallised from ethyl acetate, 
when it melted at 68°. The product, however, still contained 
some phytosterol and a little ceryl alcohol. The treatment with 
phthalic anhydride was therefore repeated, after which the neutral 
portion of the material was fractionally distilled under diminished 
pressure, and crystallised from ethyl acetate. Colourless, pearly 
leaflets were then obtained, which melted at 68°, and proved to 
be hentriacontane. (Found, C=84'8; H=14°7. Cale, C=85°3; 
H=14°7 per cent.) 
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Isolation of a Phytosterol. 


The alcoholic solution of the unsaponifiable material, from which 
the crude mixture of ceryl alcohol and hentriacontane had been 
separated, was concentrated, and some ethyl acetate and a little 
water added. On keeping’ the mixture for some time 0°4 gram 
of colourless leaflets separated. This product had the properties 
of a phytosterol, but, as it did not appear to be homogeneous, it 
was converted into the acetyl derivative, and the latter crystallised 
several times alternately from alcohol and ethyl acetate. Colour- 
less leaflets were then obtained, melting at 135°. The original 
substance was regenerated from the acetyl derivative, when 0°25 
gram of colourless leaflets, melting at 154°, was obtained : 

0°2353,* on heating at 130°, lost 0°0111 H,O. H,O=4'7. 

0°0988 + gave 0°3046 CO, and 0°1060 H,O. C=83'4; H=11°9. 
C,,H,,O requires C=83°9; H=11'9 per cent. 


C39H;,O ” C=84'5; H=11°'7 »” 


C,,H,,0,H,O requires H,O=4'5 per cent. 
C3,H;,0,H,O » H,O = 4°1 » 
The acetyl derivative prepared from the purified phytosterol 
melted as before, at 135°: 
0°0760 gave 0°2274 CO, and 0°0773 H,O. C=81'6; H=11°3. 


Cy9H,,0, requires C=81°3; H=11'2 per cent. 
C39H 5205 ” C=821; H=11'1 _,, 

These results indicate the probability of the above-described 
phytosterol being a mixture of sitosterol and stigmasterol, but the 
amount available was too small to attempt the separation of the 
latter by means of the tetrabromoacetyl derivative. 


Examination of the Fatty Acids. 


The alkaline, aqueous liquid from which the unsaponifiable 
material had been removed, as above described, was acidified, and 
distilled in a current of steam, but only a trace of volatile acid 
was removed by this treatment. The mixture was then extracted 
with ether, when a quantity of a sparingly soluble solid separated, 
and was collected. The latter proved to consist of some myricyl 
alcohol, together with very crude phytosterolin, a further quantity 
of which was subsequently obtained, as described below. The 
dark green, ethereal solution containing the fatty acids was then 
evaporated to a small bulk and treated with light petroleum, 
when a quantity of chlorophyll was precipitated. The clear 
petroleum liquid was then evaporated, and the residual crude 
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fatty acids converted into the methyl esters. After being purified 
by distillation under diminished pressure, the latter, which 
amounted to 122 grams, were hydrolysed, and the recovered acids 
separated into their saturated and unsaturated components by 
means of the lead salts, in the usual manner. 

The Saturated Fatty Acids—The saturated fatty acids, which 
amounted to 43 grams, were converted into their methyl esters 
and the latter fractionally distilled several times under diminished 
pressure, when the following fractions were collected: (i) below 
200° (4 grams); (ii) 200—205° (7°6 grams); (ili) 205—210° (6°7 
grams) ; (iv) 210—215° (3°4 grams); (v) 215—-225° (2°7 grams) ; 
(vi) 225—-235° (1°8 grams); (vii) 235—-270° (3°2 grams); (viii) 
above 270° (3°0 grams)/20 mm. 

Fractions (i) and (ii) solidified on cooling, and were found to 
consist of methyl palmitate. They yielded palmitic acid, meiting 
at 63°. (Found, C=74'8; H=12°6. Cale, C=750; H=12°5 
per cent.) Fraction (iii) consisted of slightly impure methyl 
palmitate, whilst fraction (iv) yielded a mixture of palmitic and 
stearic acids, melting at 54°. Fractions (v) and (vi) gave acids 
melting at 64°5° and 66° respectively, but they were probably 
not homogeneous.. Fraction (vii), on hydrolysis, yielded an acid 
which, after being crystallised three times from ethyl acetate, 
appeared quite homogeneous. It formed glistening plates melting 
at 69°5°. It was reconverted into the methyl ester, and the latter 
crystallised, when nacreous leaflets, melting sharply at 51°, were 
obtained : 

0°0999 gave 0°2849 CO, and 0°1180 H,O. C=77'8; H=13'1. 

After being again crystallised from ethyl acetate the melting 
point was unchanged : 

0°1013 gave 0°2889 CO, and 071198 H,O. C=77'8; H=13'1. 

C,3H,gO, requires C=78°0; H=13°0 per cent. 

This ester was then again hydrolysed, and the resulting acid 
crystallised three times from ethyl acetate, when the melting point 
remained unchanged, at 69°5°: 

0°0899 gave 0°2851 CO, and 0°1055 H,O. C=77°3; H=13'1. 

C..H,,0, requires C=77'4; H=13°'0 per cent. 

The above-described acid is thus seen to agree in composition 
with behenic acid, which is stated to melt at 82—84°. It would 
therefore appear to be an isomeride of the latter, and if this be 
the case, it is a new compound. 
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Isolation of Cerotic Acid. 


Fraction (viii) of the esters, which distilled above 270°, was 
hydrolysed by means of alcoholic potassium hydroxide, and the 
product freed from traces of unsaponifiable matter. The acid 
was then isolated, and crystallised twice from acetic acid, when 
it formed small, colourless leaflets, melting at 79°. It was found 
to be identical with the acid melting at 79° which was obtained 
from the previously-described, sparingly soluble potassium salt, 
and the two products were therefore mixed. In order to ensure 
its purity, the total acid was again converted into the methyl 
ester, and the latter crystallised, after which it melted at 63°. 
The acid was then regenerated, when it melted at 79°, and proved 
to be cerotic acid. (Found, C=787; H=13°2. Cale, C=79°0; 
H=13°2 per cent.) 

The Unsaturated Fatty Acids——The unsaturated acids were 
regenerated from the lead salts soluble in ether and converted 
into their methyl esters, which amounted to 63 grams. The latter 
were fractionally distilled under 20 mm. pressure, when the 
following fractions were obtained: (i) Below 215° (145 grams, 
iodine value 143°3); (ii) 215—218° (10°5 grams, iodine value 
180°0); (iii) 218—222° (23°7 grams, iodine value 189°8); (iv) 
222—226° (7°7 grams, iodine value 187°2). 

Fraction (ili) gave C=77°6; H=11°4. 

Ci9)Hg,O, requires C=77°6; H=11°6 per cent. 1I.V.=172°7. 

It thus appears that the unsaturated acids consisted chiefly of 
linolic acid, together with a small amount of an acid of a higher 
degree of unsaturation. 


Ether Extract of the Resin. 
Isolation of a Phytosterolin, CygH Og. 


The ether extract of the resin was dark green, and amounted 
to 49 grams. A portion of it (15 grams) which was very sparingly 
soluble in ether was dissolved in boiling alcohol, and the solution 
concentrated, when about 0°5 gram of solid separated, and was 
removed from the hot liquid. This solid, after purification by 
means of animal charcoal, melted at 295°, and possessed the 
properties of a phytosterolin (phytosterol glucoside). It was 
heated with acetic anhydride, when an acetyl derivative was 
obtained which formed colourless leaflets, melting at 149°: 

071011 gave 0°2574 CO, and 0°0834 H,O. C=694; H=92. 

C3,H;,0,(CO-CH;), requires C=69°8; H=9°0 per cent. 

It therefore appears that this phytosterolin consists essentially 
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. of the glucoside of stigmasterol, C,,H,,0, or an isomeric alcohol 
which, as already mentioned, appears to occur in Clematis in the 
free state. 


Isolation of a Glucoside of Caulosapogenin. 


The portion of the ether extract of the resin which was readily 
soluble in ether was extracted with aqueous ammonium carbonate, 
sodium carbonate, and potassium hydroxide. During these opera- 
tions considerable quantities of a sparingly soluble, green powder 
were thrown out of solution, but the only definite compound that 
could be isolated from this material was a further small amount 
of myricyl alcohol. The material dissolved by the ammonium 
carbonate and potassium hydroxide was amorphous, and small in 
amount, but on acidifying the sodium carbonate extract and 
shaking it with ether, a quantity of a sparingly soluble solid 
remained undissolved. The latter was collected and crystallised 
from alcohol with the employment of animal charcoal, when it 
j formed colourless, microscopic crystals, which melted and decom- 
; posed at 235—240°: 


; 0°1420,* on heating at 130°, lost 0°0129 H,O. H,O=9'l1. 
0°1016 * gave 0°2222 CO, and 0°0830 H,O. C=59°'7; H=9°1. 

0°0892; ,, 0°2128 CO, ,, 0°0720 H,O. C=65'1; H=9°0. 
C;4H¢01¢,53H,O requires C=59°5; H=89; H,O=9'1 per cent. 

C54Hgg0,, requires C=65°5; H=8°7 per cent. 

This substance had the properties of a saponin, since its solu- 
tion, on agitation, yielded a strong, persistent froth. On hydro- 
lysis with dilute sulphuric acid it yielded caulosapogenin, 
CyoHg04, and dextrose, according to the following equation: 

C4 gg O16 + 2HO = CyoH gg + 2CyH 90g. | 

It is, however, not identical with caulosaponin (Power and 
Salway, loc. cit.), which melts at 250—255°, and with which it 
was directly compared. The latter glucoside, although it also 
yields caulosapogenin and two molecules of dextrose on hydro- 
lysis, possesses the formula C,,H,,0,, when dried at 130°, and 
therefore appears persistently to retain 1 molecule of water of 
crystallisation. 

The neutral portion of the ether extract of the resin, which 
remained dissolved in the ether after extraction with alkalis, was 
small in amount, and nothing definite could be obtained from it. 


= Stata 


* Dried in the air. + Dried at 130°. 


VOL. CV. 


1858 THE CONSTITUENTS OF CLEMATIS VITALBA. 


Chloroform, Ethyl Acetate, and Alcohol Extracts of the Resin. 


The chloroform, ethyl acetate, and alcohol extracts of the resin 
amounted to 9, 10, and 37 grams respectively. They all consisted 
of dark-coloured, amorphous resins, and nothing definite could be 
isolated from any of them. 


Summary. 


The results of the foregoing investigation may be summarised 
as follows: 

The material employed consisted of the flowering branches of 
Clematis vitalba, Linné, which had been specially collected for 
the purpose. 

Preliminary tests showed the absence of any alkaloid, and that 
only a trace of volatile material was present. 

An alcoholic extract of the dried and ground material yielded, 
in addition to much chlorophyll and resin, the following definite 
compounds: (i) 3:4-Dihydroxycinnamic acid; (ii) caulosapogenin, 
Cy.H 604, identical with the substance recently isolated by Power 
and Salway from Caulophyllum thalictroides. Some of the deriv- 
atives of caulosapogenin yielded, on analysis, apparently anomalous 
results, which cannot at present be explained; (ili) a saponin, 
C5,4H 50,4, which proved to be a glucoside of caulosapogenin ; 
(iv) dextrose; (v) myricyl and ceryl alcohols; (vi) hentriacontane, 
Cz,H¢,; (vil) a phytosterol, which appeared to consist of a mixture 
of sitosterol, C.,H,,O, and stigmasterol, Cz,H;,0; (viii) a phyto- 
sterolin, which apparently consisted essentially of stigmasterol 
glucoside; (ix) melissic, cerotic, and palmitic acids, together with 
a mixture of unsaturated acids consisting largely of linolic acid, 
and an acid, C,.H,,O, (m. p. 69°5°), apparently isomeric with 
behenic acid. 

The statements regarding the irritant properties of Clematis 
vitalba cannot be confirmed. 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 
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CLXXIV.—The Dilution-limits of Inflammability of 
Guseous Mixtures. Part I. The Determination 
of Dilution-limits. Part LI. The Lower Limits for 
Hydrogen, Methane, and Carbon Monoxide in Air. 


By Hupert Frank Cowarp and Franx Brinsley. 


Part I.—-The Determination of Dilution-limits. 


An inflammable gaseous mixture may be diluted with excess of 
one or other of its components or with another gas or gaseous 
mixture, until the resulting mixture is no longer inflammable. 
The determination of the dilution-limits of inflammability has 
attracted considerable attention but the experiments done have 
led the various observers to give very different figures for one 
and the same mixture. This is most noticeably the case for mix- 
tures of hydrogen and air, and of hydrogen and oxygen. These 
results are collected in the following tables, all mixtures of com- 
position between the “lower limit” and the “upper limit” being 
regarded as inflammable by the individual observers. In those 
cases where two figures are given in the lower-limit column, the 
smaller indicates a mixture regarded as non-inflammable, the 
greater as inflammable. Conversely for the upper limit, the 
greater figure indicates a non-inflammable mixture, the smaller an 
inflammable mixture. 
TaBLeE [. 


Hydrogen—Air Mixtures. 


Lower limit Upper limit 
(per cent. (per cent. 
hydrogen). hydrogen). 
Wagner (Bayerisches Industrie und Gewerbeblatt, 


EP. WET Wacenctdpacadessccscicpdvdecccdeciact ous’ 7-7—8-3 50—60 
Mallard and Le Chatelier (Annales des Mines, 
_ + SEBS, CUM A BOTD © cisccccocsenccssccecctossvescosss 6 80 
Broockmann (J. Gasbeleuchtung, 1889, 32, 189) 7 75 
Roszkowski (Zeitsch. physikal. Chem., 1891, 7, 

485; J. Gasbeleuchtung, 1890, 38, 491, 524, 

Uy MN Pilih x sascieseripcncdnsamcaxioagynccdiebdesaes 9-2—9-5 64-7—65-0 
Clowes (‘‘ Detection of Inflammable Gas and 

PR SEE ichatsdrececsssensahbusoneasendindiddcere 5 72 
Le Chatelier and Boudouard (Compt. rend., 

i SE i tinttinnbneanesnddannprertnsdeberes 10 —_ 
Bunte (Bor., 1908, Bi, 19) ...ccccccssccorcscsccoescoes 6-3 80 

In 1 litre sphere .......... 8-7 75-5 

Eitner (Habilitations- - Pee reas -------, aa one 

schrift, Miinchen, igultion “eS SOE 8-5 — 

1902). In cylinder, upward 

MEIREOEE | n:00005008sss0e00. 5 — 

Teclu (J. pr. Chem., 1907, ‘LS > > i 9-73—9-96  62-75—63-58 
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TaBLeE IT. 
Hydrogen—Oxygen Mixtures. 


Lower limit Upper limit 
(per cent. (per cent. 
hydrogen). hydrogen). 
Humboldt and Gay Lussac (J. Phys. 1805, 60, 


129, and Ann. Phys. (Gilbert), 1805, 20, 38) ...... 9-5—10-0 — 
Davy (Phil. Trans., 1817, 45)  ......ccccccccsecceees 6-7— 8-3 95-2—96-3 
Turner (Zdin. Philos. Jour., 1824, 11, 311) ...... 4-4— 5-1 95-S—96-7 
Regnault and Reiset (Annalen, 1850, 73, 129)... 10-0—11-1 91-2—92-5 
Bunsen (‘‘ Gasometry,” 1857, 247) ............006. 5-7— 6-7 92-4—93-2 
I IE, WGP a ccttensneccevccrcccetsoncsicrssensecess 13 —14 91 —92 
Bunsen (‘‘ Gasometry,” 2nd edit., 1877, 338) ... 5-8— 6-4 — 
IIIS GUID dnncncccnnccoccasascscesdsseciince 94— 9-7 90-8—91-0 
IEEE sUdd axbinliancaddcediarecicseunboeatecessas 9-1— 9-3 — 
Fischer and Wolf (Ber., 1911, 44, 2956)............ 5-45 94-7 


This curious want of accord in the results of apparently simple 
experiments may be due to the fact that none of the observers 
has attempted to discover why his results differ from earlier values, 
because each was preoccupied with the problem of comparing the 
dilution-limits of different mixtures in a chosen apparatus. It 
seems, too, that no observer has had the whole of the previous 
results before him, so that he has often been unaware of a large 
disagreement. Much better understanding of the problem in- 
volved might have been reached had the old observations of 
Humboldt and Gay Lussac not been overlooked. Perhaps, there- 
fore, it is not useless to quote from their paper, as follows: 

“Not only are there such proportions of hydrogen and oxygen, 
or of their mixture with nitrogen, or even with any other gas, 
that it is impossible to ignite them by means of the electric spark ; 
but there are others with which, the inflammation having been 
commenced, it stops before the combustion is finished.” 

Humboldt and Gay Lussac quote the following experimental 
results of firing hydrogen-oxygen mixtures in a eudiometer: 


Hydrogen. Oxygen. Contraction on firing. 
100 vols. 200 vols. 146 vols. 

100 _ ,, 300 —,, 146 ,, 

100 ,, 600, oF « 

100 _ ,, 900 ,, 146 ,, 

100 ,, 950 ,, OE 

100 ,, 1000__,, SS ,, 

100 ,, 1200 __,, 24 45 

100 __,, 1400 ,, “aM .% 

100 _,, 1600 _,, 0 (1) 


Thus incomplete combustion was observed with mixtures con- 
taining between about 6 and 10 per cent. of hydrogen. 

It is not always that observers of the dilution-limit of inflamma- 
bility of hydrogen have recognised this region of incomplete com- 
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bustion, but when they have they assume the dilution-limit to be 
that composition at which the mixture in their vessel is just 
completely burnt. This procedure is highly arbitrary unless 
vessels of large dimensions are used, since a flame which would 
die out before passing through the whole length of a large vessel 
might nevertheless travel throughout a smaller vessel filled with 
the same gaseous mixture. It is evident, therefore, that a strict 
definition of the term inflammability is required. 


The Criterion of Inflammability. 


Common usage has assigned to the term inflammable a mean- 
ing which, although hardly defensible on scientific grounds, is too 
popular to be alterable. Thus coal-gas is commonly termed in- 
flammable, or an inflammable mixture. In any case of ordinary 
combustion of coal-gas it is, of course, a gas—air or gas—oxygen 
mixture which is inflamed. The limits of composition of such 
mixtures containing air or oxygen are indicated by the term 
“ dilution-limits of inflammability.” Where the term inflammable 
may appear ambiguous, it is desirable to speak of such air, oxygen 
(or chlorine, etc.) mixtures as inflammable per se, or perhaps as 
self-inflammable, so long as this term avoids completely the idea of 
spontaneous inflammability. A mixture is inflammable per se if it 
is capable of independent propagation of flame. 

It seems most desirable to regard inflammability as a specific 
property of a mixture independent of the size and shape of the 
vessel in which it may happen to be contained, and also of any 
particular igniting arrangement. Two extreme views might be 
taken: (1) That a mixture is inflammable per se only under con- 
ditions when it will spontaneously inflame. This would require 
electrolytic gas to be termed inflammable only at temperatures 
above 585°, a view which hardly commends itself. (2) That a 
mixture is inflammable if, by a sufficient elevation of temperature, 
a flame may be formed in it. The term would then be applied 
to any mixture which shows a cap of flame above an electric dis- 
charge. In fact, air would become an inflammable mixture under 
this definition. 

We propose to define a gaseous mixture as inflammable per se 
at a stated temperature and pressure if, and only if, it will pro- 
pagate flame indefinitely, the unburnt portion of the mixture 
being maintained at that temperature and pressure. Inflamma- 
bility as thus defined is a property of the mixture independent of 
the shape and size of the vessel containing it, and independent 
also of the nature of the means used for ignition in the first place. 
It is a function of the temperature and pressure of the mixture, 
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but these factors have little influence on the dilution-limits of 
inflammability within the range of variation of laboratory 
temperature and atmospheric pressure (compare Roszkowski, loc. 
cit., and Coward, Cooper and Jacobs, this vol., p. 1069). 

In the light of this definition, we propose now to discuss the 
experiments previously done to determine dilution-limits of in- 
flammability, and to enunciate the principles which governed our 
own experiments. 

In the first place, the igniting source of heat must be sufficiently 
powerful to ensure inflammation of a not too small bulk of gas. 
This is easily attained when a small jet of coal-gas already burn- 
ing in air is brought quickly to the boundary of the mixture to 
be tested. To this simple mode of testing there have been in the 
past three objections: (1) The mixture must be in a vessel open 
to the air for a short time, during which its composition may 
undergo a significant alteration, especially under the influence of 
the upward rush of gases from the flame. (2) The continued 
luminosity of the igniting flame may render invisible the faint 
flame in some weak mixtures. (3) Even a small flame cannot be 
applied to a mixture and removed from it with the speed of a 
spark, so that the continued access of heat to a burning mixture 
has been unavoidable. Although we have succeeded in eliminating 
these three difficulties, they have been very real obstacles to the 
use of an igniting flame by previous workers. 

More commonly, an electric spark has been employed. Since 
this is a less powerful means of ignition (when small) than a flame, 
it has been usual to employ discharges of gradually increasing 
intensity, until the observer was convinced that no further increase 
in the intensity of his discharge would produce a more powerful 
igniting spark. Unfortunately, the experiments testing this were 
done with the lower-limit hydrogen—air mixtures, and a spark 
strong enough to ignite the lower-limit mixture was net strong 
enough to ignite the upper-limit mixture. 

Another point not satisfactorily treated hitherto is that a flame 
must be observed to travel through a sufficient length of the 
mixture for the initial excess of heat in the spark to be dissipated 
so that the mixture is truly propagating flame by means solely of 
the heat produced by its own combustion. We have therefore 
used vessels considerably larger than any hitherto used in order 
to satisfy this requirement; our largest has a capacity of 170 litres, 
our longest a length of 4°5 metres. 

The position of the flame or spark used for ignition of a gaseous 
mixture is most important to consider. There is no doubt that in 
weak mixtures the flame travels more slowly than the convection 
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current of gas rises. Hence such mixtures will burn when ignited 
from below, but not when the spark or igniting flame is placed at 
their upper boundary. This difference was recognised by Clowes 
for coal-gas and for methane mixtures, and later by Eitner for 
hydrogen mixtures, although he used a flame only for the test, 
and to this the earlier objections apply (see above). In other 
memoirs this most important distinction has been disregarded so 
completely that frequently no mention is made of the position of 
the spark gap or flame used for ignition. It is possible, however, 
to group the values for both lower-limit and upper-limit mixtures 
in tables I and II into two classes, according as the experiments 
are known to have been done (or have apparently been done) with 
upward and downward ignition respectively. In the lower-limit 
mixtures with either air or oxygen, the values in the neighbour- 
hood of 5 per cent. hydrogen were probably all determined by 
upward ignition, those nearer 10 per cent. by downward ignition. 
Those of Mallard and Le Chatelier and of Bunte were obtained 
indirectly by extrapolation of the curves connecting velocity of 
flame with composition of mixture, to zero velocity. Wagner’s 
very high hydrogen—oxygen lower-limit numbers were determined 
by using a heated wire for ignition, evidently in this case an un- 
satisfactory method. Bunsen’s results were obtained with a closed 
eudiometer, apparently with ignition at the top, They are low 
results, and the explanation seems to lie in the fact that the 
eudiometer was closed, so that the hot gases had no opportunity 
of expansion. In the upper-limit hydrogen-oxygen mixtures 
(table IT) a similar grouping is possible, but there are exceptions; 
for example, Turner’s numbers appear to indicate upward ignition 
for the upper limit and downward ignition for the lower limit. 
His paper gives no clue as to which was used. In the case of 
upper-limit hydrogen-air mixtures (table I), such a grouping 
cannot be made so satisfactorily. The two values of 80 per cent. 
of hydrogen were obtained by the doubtful method of extrapola- 
tion, but the others seem to be dependent upon another factor 
previously mentioned, namely, the variable igniting power of the 
different sparks used. Wagner’s low value appears to be due to 
his inefficient hot wire, as previously indicated. |Roszkowski’s 
results indicate in each case rather high percentages of the gas 
present in smaller proportion. His apparatus, illustrated in the 
paper in the Journal fiir Gasbeleuchtung (loc. cit.), contained a 
4 mm. spark-gap near the end of a horizontal diameter of a glass 
sphere. The mixture was evidently regarded as inflammable only 
when the flame traversed the whole mixture. The short spark- 
gap makes the upper limit rather low in his experiments. 
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Finally, since experiments with gases are most conveniently 
carried out in closed vessels, which do not permit of the natural 
expansion of a heated gas, then in small vessels, and indeed in 
all vessels which have been used with the spark, the heat of com- 
bustion of the first portions of the mixture has compressed the 
remaining portions so that the inflammability of a gas under 
rapidly changing, and indeed very greatly changing, pressure has 
been tested. Thus, in the most carefully described experiments 
done so far, namely, those of Burgess and Wheeler on the lower 
limits for the paraffin hydrocarbons (T., 1911, 99, 2013), a spark 
was passed in the centre of a 2-litre globe, and the gas was only 
regarded as inflammable when a flame rose from the spark, spread 
outwards, reached the top of the vessel, and then turned down- 
wards and completed the combustion of the mixture. Now, in 
the first instance, the inflammability of the mixture was tested 
for ignition upwards, but the flame had not a long enough run 
to escape from the effect of the initial impetus of the spark. The 
flame then turned downwards, presumably because the upper por- 
tion of the globe contained heated gases, so that convection was 
precluded ; but the unburnt gases had become compressed, so that 
the limit at atmospheric pressure was no longer under examina- 
tion. Thus the results of Burgess and Wheeler are not applicable 
to the general definition of dilution-limits which we have put 
forward. 

We were led to these criticisms as our experiments developed, 
so that ultimately we tested the inflammability of a mixture by 
observing whether it would propagate a flame upwards for as great 
a height as we could conveniently employ in a vessel so broad as 
to leave no doubt that there was only a relatively insignificant 
cooling influence by the walls of the vessel. We designate the 
mixture that will just propagate a flame upwards as inflammable, 
because these slow-moving flames often trayel less rapidly than 
the convection current of gas which they set up, so that it is 
impossible for them to pass downwards through an inflammable 
mixture. At the same time, in order to keep the pressure approxi- 
mately atmospheric, the bottom of our vessel was only sealed by 
a few cm. of water, so that immediately the gases began to expand 
they “blew off” through this valve. The influence of a few cm. 
of mercury pressure on the dilution-limits of gaseous mixtures is 
inappreciable at about atmospheric pressure within the limits of 
experimental error of our observations (compare Coward, Cooper 
and Jacobs, loc, cit.). 
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Part II.—The Lower Limits for Hydrogen, Methane, and 
Carbon Monozide in Air. 


Description of Apparatus. 


The vessels used to contain the gas mixtures during the test for 
inflammability are drawn to scale in Figs. 1 to 6. 

The earliest of our experiments were carried out in closed glass 
tubes (Fig. 1), about as long as an ordinary eudiometer tube and 
twice as wide (50 cm. by 4 cm.). They were fitted with sparking 
wires at the top and bottom, and in one case in the middle. In 
experiments with certain weak hydrogen-mixtures, a very pale 
flame was seen to travel throughout the whole length of the tube, 
but nevertheless the change in pressure was far too small to 
correspond with complete combustion of the mixture. This led 
to the use of an 1l-litre bottle (Fig. 2), fitted with a rubber 
stopper conveying gas and water tubes and insulated leads for the 
sparking wires. The gases were passed into this vessel by displace- 
ment of water from it, the air being added first in nearly sufficient 
amount, followed by a measured volume of inflammable gas, and 
finally the total volume was brought to 10 litres by the addition 
of sufficient air. The water remaining in the vessel, about 1 litre, 
was used to aid the admixture of the gases by shaking. This pro- 
cedure necessitated the experiments being confined to moist gases, 
but with gases of slight solubility enabled mixtures to be made 
accurately to one-tenth of 1 per cent. For upward ignition, the 
bottle was supported upside down on a tripod stand and the spark- 
gap extended about 2 cm. above the surface of the water. For 
downward igntion, the bottle was placed on its base. In each case 
the bottle was guarded by the rods of four retort stands heavily 
weighted, and a network of string was made a short distance above 
the bottle. This precaution was necessary in order to catch the 
bottle on its recoil from the forcible expulsion of the stopper in 
upward ignitions when the whole mixture inflamed. These experi- 
ments, carried out on a larger scale than is usual with laboratory 
experiments, gave us a very different idea of the mechanical effects 
of the explosion of a weak mixture from that which we had 
obtained from experiments in closed tubes or globes of 500 c.c. 
capacity. 

In such bottles there was observed with all three gases the 
formation of beautiful vortex rings of flame, rising through the 
mixture. The bottles were not long enough to show whether 
such rings would travel indefinitely, or break up and produce a 
general inflammation, or become extinguished. Consequently, a 
vessel was designed, and successfully constructed in the work- 
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shops of the School of Technology, of 30 cm. square section and 
1°8 metres length, with two opposite sides of wood and two of plate 
glass (see Fig. 3). The top was of wood, the bottom open, and 
all joints were carefully packed, so that when the vessel, filled 
with water like a huge gas-jar, stood in a shallow tank, there was 
no in-leakage of air. The capacity of this vessel was 170 litres. 
It was filled with water as it stood in the tank by withdrawing 
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air through a tube which ran inside to the top. Measured 
quantities of inflammable gases were admitted through this tube, 
whilst air was bubbled up through the water. Thorough admixture 
was brought about by drawing up and down through the gases 
two square wooden plates, independently supported by cords 
running through pulleys fixed on the inside of the top of the box, 
down to the tank, and through the water to the outside, where 
they were manipulated. It was possible to approach very closely 
to the composition of any desired mixture by this means, but an 
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analysis was invariably made of a sample of the mixture taken 
just prior to the test of its inflammability. The moving plates 
were drawn close to the top of the vessel during the inflammation 
test. 

For a few experiments, the spark discharge was replaced by a 
small flame of pure hydrogen. A satisfactory arrangement was 
devised for introducing such a flame rapidly, and exposing it to 
the mixture at approximately the place previously occupied by 
the spark. This arrangement is shown in the figure; a hori- 
zontal glass tube (2 cm. diameter) was fixed by an air-tight joint 
through the wooden side of the box, and its outer end closed by 
a stopper. This stopper was removed at the moment of the test to 
allow a small flame burning at the tip of a quartz tube to be 
thrust along, and so introduced suddenly into the midst of the 
mixture. This avoids completely the contamination of the mix- 
ture with any significant amount of external air. Also, it is easy 
to push the jet of flame along the tube ahead of the flame of the 
mixture ignited in the tube. 

Even the 1°8 metres length of this vessel was not quite sufficient 
to assure us that some of the weakest hydrogen flames would travel 
indefinitely. Before considering the advisability of attempting to 
construct a box of cross-section similar to the above, and length 
much greater, some experiments were carried out in a glass tube 
4°5 metres long and 4°5 cm. diameter (Fig. 4). These experiments 
gave satisfactory information to enable us to fix the lower limit 
for hydrogen. 

Figs. 5 and 6 represent tubes used for a few experiments, the 
latter tube being designed to allow the gases expanded by heat to. 
“blow off” from the upper end of the tube instead of the lower. 

Electric ignition was usually employed for the reason that it 
is possible to initiate a flame by means of a momentary spark 
without continuing to supply energy to the burning gases from 
any other source than their own combustion. The induction coil 
used was modified so that the primary circuit could be broken 
without re-making. 

It should be added that nearly all the experiments described in 
the following pages were carried out with gases saturated with 
moisture at the temperature of the laboratory (17° to 18°). 
Experiments with dry gases on the present scale would be con- 
siderably more: difficult. 


Hydrogen—Air Mixtures. Lower Limit. 


The first series of experiments was carried out in the closed 
cylindrical vessels (Fig. 1) with 5 mm. spark-gaps. The electrodes 
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in one vessel were bare, in another coated with glass up to their 
tips; the results observed in the two vessels were, however, identical 
when other circumstances were maintained the same. A 
hydrogen—air mixture, roughly dried by sticks of potassium 
hydroxide, transmitted a flame upwards throughout the mixture 
when the percentage of hydrogen was 4°15. At 4°0 per cent., 
exceedingly faint flames were initiated, and travelled about half- 
way up the tube before extinction. A flame could not be sent 
down the tube, however, until 88 per cent. of hydrogen was 
present. The effect of a variation in the strength of the spark 
was merely to vary the distance which a flame would travel in 
mixtures weaker in hydrogen before extinction. The question of 
inflaming such mixtures lies rather with the power of the mixture 
to continue to propagate a flame; the initiation of small flames 
or caps is easy in many mixtures incapable of giving a self- 
propagating flame. 

In those experiments in which ignition was brought about by 
a discharge in the lower part of the vessel, a faint flame might 
be seen to travel throughout the tube, and yet only a small frac- 
tion of the hydrogen would be burnt. It seemed advisable, there- 
fore, to attempt experiments in much larger vessels than had 
hitherto been employed, so the 11-litre bottle of Fig. 2 was fitted 
up. The results merit detailed description: below they are 
arranged in order of increasing hydrogen percentage. 

A. Ignition from Below (Inverted Bottle)—3°5 per cent. of 
Hydrogen.—Sparks passed at intervals of a few seconds pro- 
duced caps of flame, from the tops of which small balls of flame 
occasionally detached themselves and rose about three-quarters of 
the way up the vessel, when they became invisible. 

3°8 per cent. of Hydrogen.—The first spark gave a plainly 
visible vortex ring of flame, which travelled to the top of the 
vessel, and was there extinguished. The next four sparks like- 
wise gave rings, apparently about 3 mm. thick and 2 to 3 cm. 
diameter. The next ten sparks produced broken rings of flame, 
and sometimes only small balls of flame, some of them being ex- 
tinguished before they had reached to the top. The next hundred 
sparks produced caps of flame, which travelled upwards and 
occasionally resolved themselves into small balls of flame, which 
ran to the top of the vessel, and were there deflected towards the 
side, and soon became invisible. 

4°2, 4°6, and 5°5 per cent. of Hydrogen.—Similar phenomena to 
the abcve were observed, but the rings were stronger, and showed 
a tendency to spread outwards. A vertical spark-gap gave results 
indistinguishable from those of the horizontal spark-gap. 
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6°0 per cent. of Hydrogen.—The first spark formed a ring much 
thicker than had been observed previously. It expanded to a 
diameter of perhaps 10 cm. when it was near the top of the vessel. 
Here it ran outwards, and gave much the appearance of a vortex 
ring of smoke which is breaking under the influence of violent 
motion of the air round about, so that it finally showed the form 
of a flaky, striated cloud. Succeeding sparks still formed rings, 
of which some broke into pieces before extinction, and others 
broke into many small balls of flame, moving as though still parts 
of an invisible ring. 

With this 6°0 per cent. mixture the effect of using the trembler 
on the induction coil was tried. The rapid succession of sparks 
now gave a thin flame, which shot up to the top of the vessel, and 
there spread outwards, forming a luminous layer of gas several 
cm.’ deep. When a small coal-gas flame was introduced into 
the lower part of a similar mixture, the flame which shot up the 
vessel spread so as to appear to fill the upper half of it with flame. 
This much increased effect is to be attributed to the much greater 
development of heat in a very small flame of coal-gas than in the 
series of sparks, and indicates the difficulty of drawing conclusions 
concerning the question of inflammability of a weak hydrogen—air 
mixture by bringing a strongly burning flame to it. In the 
11-litre bottle it is impossible to judge, even by the use of a single 
spark, whether a 6 per cent. mixture can propagate a flame in- 
definitely or not. It is obvious, therefore, that if it is desired 
to state whether such a mixture is inflammable, all previous 
observations in small vessels are of no value, and experiments 
must be done in vessels much larger even than the one we had 
used. 

6°8 per cent. of Hydrogen.—The first spark gave a thick, wide 
ring, which produced much inflammation in the upper part of the 
vessel, and succeeding sparks gave rings of flame which became 
extinguished when they had travelled about half-way up the 
vessel, apparently because most of the hydrogen in the upper half 
of the vessel had been burnt. This experiment seems to show 
that the continued luminosity of the ring as it rises is due to the 
continued combustion of the gases which it traverses. A small 
coal-gas flame introduced into a mixture of the same composition 
gave a thin, rapidly rising stream of flame, which spread in the 
upper half of the vessel so as to consume most of the gas con- 
tained there. This flame, like the one produced in the 6°0 per 
cent. hydrogen mixture, was much paler than the flames resulting 
from the electric spark or series of sparks, so that the latter seem 
to owe their luminosity to the yellowness of the spark, presumably 
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due to the formation of oxides of nitrogen. Experiments were 
therefore done with varying lengths of spark-gap. The size of the 
rings increased much with increase in length of spark-gap, and 
when the spark had changed from the form with a yellow halo 
to a blue spark, the resulting rings were much paler, but other- 
wise no different. Finally, experiments carried out with oxygen 
instead of air gave only faintly luminous rings even with the 
shorter gaps, but the admission of a few bubbles of air gave an 
increased luminosity to the rings. 

78 per cent. of Hydrogen.—The flame produced by the first 
spark travelled upwards, and rapidly spread outwards, consuming 
most of the hydrogen contained in the mixture, and forcibly blow- 
ing off the rubber tube connected with the exit tube for the water. 

9°8 per cent. of Hydrogen.—The rubber stopper of the vessel was 
blown out forcibly by an apparently complete inflammation of the 
mixture, and the recoil threw the heavy bottle about 30 cm. into 
the air. 

B. Ignition from Above (Bottle Placed on its Base).—The follow- 
ing results have no bearing on dilution-limits as defined by us, but 
give an idea of the amount of hydrogen necessary for the propaga- 
tion of a flame against gravity. The spark-gap was about 2 cm. 
below the neck of the bottle. 

85, 8°7, and 9°0 per cent. Hydrogen Miztures.—The first spark 
produced a thick vortex ring of flame, which travelled to the neck 
of the bottle, where it expanded, and went 3 or 4 cm. downwards, 
and was then extinguished. 

92 per cent. of Hydrogen.—The vortex ring travelled in 
different experiments downwards, sometimes only a short way, and 
sometimes nearly to the bottom of the vessel. In one experiment, 
a flame seemed to fill the interior of the ring, and only 0°5 per 
cent. of hydrogen was left unburnt. 

9°4 per cent. of Hydrogen.—A wide ring travelled downwards, 
and resulted in complete inflammation of the mixture. The 
stopper of the bottle was expelled violently. 

Experiments in the Large Box (Fig. 3).—The box was sealed 
with a few cm. of water at the bottom. The glass sides were 5 cm. 
above the bottom of the tank holding it, so that there was room 
for the gases to blow off, and so adjust the pressure automatically 
to slightly more than atmospheric. There was, however, in these 
hydrogen experiments so little pressure developed by inflamma- 
tion near the dilution-limit, that very little gas was ejected, some- 
times none at all. 

4:0 per cent. of Hydrogen.—A vortex ring of flame was formed 
and travelled about 40 cm., then broke and disappeared. 
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42 per cent. of Hydrogen (twice).—A pale ring was formed, 
broke about 40 cm. above the spark-gap, and an exceedingly faint 
cloud of flame travelled steadily and slowly to the top of the 
vessel. To one observer, the cloud appeared to be formed of ten 
to twenty separate balls of flame, rolling about as they rose. 

4°4, 4°6, 4°8, 5°2, and 5°6 per cent. of Hydrogen.—A vortex ring 
was plainly seen to rise in each experiment about 40 cm., then 
to break up and travel to the top as a streaky flame extending 
nearly to the sides of the box. The flames were much more easily 
followed by the eye as the percentage of hydrogen increased, and 
in each case it was obvious that a considerable part of the mix- 


j ture escaped ignition. It was not the cooling influence of the 
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> walls of the vessel that retarded inflammation, but apparently the 
cause lay in the slow propagation of flame from layer to layer, in 
comparison with the rapid convection effect. This facilitated the 
1 upward passage of many streaks of flame, which passed the cooler 
gases without inflaming them horizontally. 
a In a much narrower vessel (Fig. 5), the cooling influence of the 
y walls must be proportionately greater than in the box. The 
e amount of hydrogen left unburnt in the two vessels is little 
\- diferent for mixtures of the same initial composition (see table III 
2 and Fig. 7), so that the phenomenon of very incomplete combus- 
tion in cases where a flame has travelled the whole length of a 
d vessel is to be explained as direct observation of the pale flames 
indicated. 
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Tasie III. 

Per cent. hydrogen in mixture ............ 42 43545 46 A 48 49 pt 5°2 ° 
Per cent. hydrogen 7) { | 3°85 3°8 2°85 2°6 2°5 
residue ED ichucesdaces 38 3°6 ; 3 
Fraction of hydrogen RES 0°11 0°16 0°28 0°42 0°49 0°53 

burnt. } 4 oa Sie 0°10 0°22 0°40 0°46 
Per cent. hydrogen in mixture............ 56 59 61 71 72 79 80 89 91 101 
Per cent. on in \ {ony Ere ‘ 17 15 12 O09 O6 O6 O4 O38 OO 
OME, oc cescacsace : 
Fraction of hydrogen | / meng éndogeecsene 0°71 0°75 0°83 0°87 0°92 0°92 0°96 0°97 1°00 
burnt. ))  —aperess 


Experiments in the 4°5 Metres Tube.—The faint flames in the 4°2 
per cent. mixture had travelled quite uniformly a distance of about 
1:2 metres in the large box. This distance was not quite enough to 
convince us that the flame would travel indefinitely, especially in 
view of the fact that such a small proportion of the hydrogen is 
burnt in this mixture. The construction and use of a glass-sided 
box much longer than the 1°8 metre one seemed to introduce con- 
siderable experimental difficulties, so before attempting this some 
experiments were carried out in the 4°5 metres glass tube, fixed 
vertically over water, with sparking wires a little above the surface 
of the water. The observations were as follows: 

4°2 per cent. of Hydrogen.—No inflammation observed. 

4°4 and 4°45 per cent. of Hydrogen.—Globular flames travelled 
throvgh the whole length of the tube. The last 4 metres of their 
journey was at a uniform rate, and left no doubt in the minds of 
observers that they would travel indefinitely through such a mix- 
ture. The fraction of the hydrogen burnt was 0°11 and 0°045 
respectively. 

4°7, 4°85, 5°0, and 5°3 per cent. of Hydrogen.—Flames shaped 
like upright incandescent gas mantles passed slowly to the top. 
The length of the flame varied from 5 to 10 cm., its diameter 
being about 2°5 cm. 

Since in this narrow vessel a flame travelled uniformly for 4 
metres in a 4°4 per cent. mixture, it can hardly be doubted that 
the flame in the wide box in a 4°2 per cent. mixture would travel 
indefinitely. Certainly all doubts on this point were removed 
from the minds of several observers, and in consequence the lower 
dilution-limit of inflammability of hydrogen in air may now with 
confidence be stated as 4°1 per cent. 


The Vortex Rings of Flame. 


The rings of flame observed in weak mixtures of (a) hydrogen, 
(6) methane, and (c) carbon monoxide, with air, behaved like 
vortex rings of smoke in the way they travelled and in the way 
they broke up in an atmosphere in commotion. Rotational motion 
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could, of course, not be observed, so that the reasons for calling 
them vortex rings should be explained. They are: 

(1) The circumstances are sufficient to produce a vortex ring: 
a sphere of hot gas around the spark, expanding and therefore 
rising by virtue of convection; the centre rising most rapidly on 
account of its temperature being highest. 

(2) The passage of a similar spark to one producing rings of 
flame, through a gap in the centre of a cloud of smoke confined 
in a box with open top, formed a vortex ring, which issued from 
the smoke cloud and travelled upwards through the air for a 
few centimetres. 


Methane—Air Miztures. Lower Limit. 


Previous determinations of the dilution-limits of methane-air 
mixtures do not show nearly so much disagreement as the corre- 
sponding values for the hydrogen—air mixtures, but there are quite 
well-marked differences, and, indeed, none of the observations 
satisfies the criterion of inflammability which we have put forward 
in Part I of the present communication. The previous determina- 
tions are collected in table IV, which for convenience contains the 
upper-limit numbers, as well as those for the lower limit. 


TasLe IV. 
Per cent. methane. 
Lower limit. Upper limit. 
f 20 —25 
Davy (Phil. Trans., 1816, 1) Seer eeeeseerereeeeeree 6-2—6-7 \ 14-3—16-7 
Mallard (Annales des Mines, 1875, [vii], 7, 355) 7-7 14-5 
WIE BOG: GID ni cecncsseccccasscssessersecsccosccces 5-9—6-25 12-5—14-3 
Coquillon (Compt. rend., 1876, 83, 709) ....... 5-9—6-2 12-5—14-3 
Mallard and Le Chatelier (loc. cit.) .........++++ 5-6 16-7 
Willner and Lehmann (Ber. der Preuss. 
Schlaqgwetterkommission, 1886, B, 3, 193) ... 5-9 12-5—14-3 
ee | ee 5-5 13-5 
Le Chatelier (Annales des Mines, 1891, [viii], 
RR eee ere 6-1 —— 
Roszkowski (Zeitsch. physikal. Chem., 1891, 7, { 5-8—6-1 12-4—12-8 
Ml acnankbccedebeimncncdicocuse taieatwoewsibeseesce \ 5-7—6-0 13-0—13-2 
CN I ieisdiceitiscil ald lanitlcsaes _ 7 
I I ini citteniniicctiddinitnesnnesnienss 5-5 17 
Couriot and Meunier (Compt. rend., 1898, 126, 
Tl. cuniuiiauieteaiadebimebngeduiaunbiietaeoess 5-5 12—12-25 
Le Chatelier and Boudouard (loc. cit.) ......... 6 — 
( 6-0—6-2 12-7—12-9 
BE I MIS ai caiivctincnnidnonietingiintininaticcemearces - 6-3 — 
| 55 oon 
NS iii ininttatiiainnanniadibibinessecnnks 3-20—3-67 _ 
Perman (Nature, 1911, 87, 416)...............006- 2-5 — 
Burgess and Wheeler (T., 1911, 99, 2013) .... 5-6 14-8* 
* Private communication. 
VOL. CV. 6 F 
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Most of the above values may be arranged in two classes, first, 
when the experimental arrangement involved ignition from above, 
secondly, when it involved ignition from below. Some of the 
figures, however, require further comment. 

Davy’s first upper-limit values are probably the result of in- 
correct observation, for flame-ignition was employed with a vessel 
which was too small for proper observation to be made. Mallard’s 
lower-limit number is undoubtedly too high. It was obtained by 
extrapolation of the curve of flame velocity plotted against com- 
position of the mixture, and the result proves the extrapolation to 
be unjustified. Mallard and Le Chatelier’s figures were, however, 
obtained in this way, and the lower-limit value is now nearer the 
truth. 

Roszkowski’s first values are for dry gases, the second for gases 
saturated with aqueous vapour at laboratory temperature. Clowes 
first pointed out the difference between ignition from below and 
from above, and his figures refer to these conditions respectively. 
Eitner’s lowest lower-limit figure is likewise for ignition from below. 
His highest figure was obtained in a rather wide cylinder (62 mm.). 

The excessively low figure of Perman has been pointed out by 
Burgess and Wheeler to be the result of faulty observation. The 
result of Teclu is undoubtedly wrong. 

In view of the criticisms in Part I of the present communication, 
none of the experiments the results of which are quoted above 
serves to satisfy the criterion of inflammability there put forward. 
In particular, it may be mentioned that a repetition of the Burgess 
and Wheeler experiments in a vessel constructed in imitation of 
theirs, with the addition of a simple mercury pressure gauge, 
showed the development of from four to five atmospheres’ pressure 
when a 5°7 per cent. mixture was inflamed. Further, when the 
lower half of their globe was cut out, the electrodes remaining 
with the upper half, and the upper half prolonged by a cylindrical 
vessel of the same diameter as the globe, a 5°75 per cent. mixture 
propagated the flame only part of the way down the cylinder, then 
drew in to the centre, and was extinguished. Thus the Burgess 
and Wheeler experiments do not prove that a flame will travel 
throughout a 5°7 per cent. mixture, although admittedly it burnt 
the gas in their vessel completely. Their vessel was not sufficiently 
large to satisfy even their own criterion of inflammability. 

Our own experiments were carried out in vessels of increasing 
capacity, as were used for the hydrogen experiments done 
simultaneously. The methane was prepared from aluminium 
carbide and water, with subsequent removal of acetylene, and 
liquefaction to separate hydrogen. We found no difficulty in 
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obtaining a pure gas free from any detectable amount of hydrogen 
or air. The composition of the experimental mixtures was deter- 
mined by analysis, as a check on the accuracy of the preparation 
of the mixtures. 

Experiments in Closed Tubes (Fig. 1).—A dry mixture contain- 
ing 5°0 per cent. of methane propagated a flame upwards through- 
out the vessel, but a 4°9 per cent. mixture failed. For downward 
propagation, a 5°85 per cent. mixture was just at the limit, for 
sometimes the flame travelled the whole way and sometimes not. 
With gases saturated with aqueous vapour at the temperature of 
the laboratory, the two limits were 5°4 and 5°9 per cent. 
respectively. 

Experiments in 11-litre Bottle (Fig. 2)—Vortex rings of flame 
were obtained with the first three sparks in a 5°0 per cent. mix- 
ture. Weaker mixtures showed “caps” of flame above the spark, 
in size dependent on the strength of the spark and the amount of 
methane in the mixture. A 5°2 per cent. methane mixture also 
gave vortex rings of flame, which, on reaching the top of the 
vessel, spread and consumed much of the gas there. A 5°7 per 
cent. mixture gave a solid blue cone of flame, which produced 
general inflammation when it had travelled about one-third of the 
way up the vessel. The stopper of the bottle was forcibly ex- 
pelled, and the recoil sent the heavy bottle about 30 cm. upwards. 

In this bottle, a 6°2 per cent. mixture was just at the limit for 
the propagation of a flame downwards throughout the whole 
mixture. 

Experiments in the Large Box (Fig. 3).—5'1 per cent. of 
Methane.—A vortex ring of flame was formed, travelled about 
30 cm., broke quickly, and formed a tongue of flame, which 
travelled another 30 cm. before extinction. 

5°3 per cent. of Methane.—A stout ring was formed, travelled 
a few cm., and resolved itself into a steady flame nearly as wide 
as the box. This flame travelled to the top, swaying in its course, 
so that first one side, then another, was slightly ahead. Its motion 
was not unlike that of a thin sheet of paper as it sometimes falls 
in air. The conditions for its formation cannot be defined at 
present, for several attempts to repeat the observation were un- 
successful, both with the 5°3 per cent. mixture and with mixtures 
containing 5°35 and 5°45 per cent. of methane. We are satisfied, 
however, that the single observation was sound, for not only was 
the mixture made up to contain 5°3 per cent. methane, but an 
analysis of a sample of it, taken after admixture and just prior 
to inflammation, gave quite satisfactory figures for both the con- 
traction on explosion (after addition of a small amount of electro- 
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lytic gas) and the contraction after absorption by potassium 
hydroxide of the carbon dioxide formed. The unsuccessful 
attempts at repetition gave flames the stability of which was 
evidently quite different—one side of the flame would suddenly 
shoot upwards, and in the upward rush become extinguished. 
The flame which travelled to the top was never subjected to such 
a sudden disturbance, but travelled smoothly with the peculiar 
swaying motion described. 

One attempt to form steadier flames was made by cutting two 
holes near the lower ends of the wooden sides of the box, just 
above the level of the water. These holes were 20 cm. long by 
5 em. wide, and were closed by wooden boards with air-tight 
rubber pads. .The boards were removed the moment after the 
passage of the spark, and the hot gases thus allowed to escape 
more gently than by bubbling through the water seal. The flames 
never attained the stable state, however, but were extinguished 
suddenly. 

5°5 per cent. of Methane.—A strong flame was observed, but 
after filling nearly the whole cross-section of the box it died out 
about 60 cm. up, one half ending as a large tongue of flame. 

5°6 and 5°65 per cent. of Methane.—A steady flame with a 
convex front passed throughout the mixture in each case. 

Experiments in 1°5 metre Tubes (Figs. 5 and 6).—Some con- 
firmation of the possibility of obtaining a self-propagating flame 
in moist mixtures containing several tenths of a per cent. less 
than 5°6 of methane was obtained by experiments in 1°5 metre 
tubes. In the straight tube of Fig. 5, a flame travelled steadily 
to the top in a 5°5 per cent. mixture, in spite of the compara- 
tive narrowness of the vessel. With mixtures containing 5°45, 
5°35, and 5°3 per cent., the flame travelled from 30 to 40 cm. up 
the tube, and was then extinguished, apparently at the moment 
that the heated gases “blew off” through the water at the 
bottom. This suggested that the slight shock caused by the sudden 
release of pressure on blowing off was sufficient to damp out 
the flame. 

The tube of Fig. 6 was water-sealed at both ends, the electrodes 
being inserted through the lower end. Here again extinction 
seemed frequently to be synchronous with the bubbling out of the 
heated gases. A 5°4 per cent. mixture on one occasion propa- 
gated flame to the top, but on another the flame was extinguished 
after a passage of only 45 cm. Samples of the same mixture were 
used for these two experiments. On another occasion, a 5°3 per 
cent. mixture propagated flame to within 30 cm. of the top, when 
the water seal at the top was removed immediately the flame had 
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started. This flame travelled with a series of gentle vertical 
vibrations, and was apparently extinguished during one of them. 
Our conclusions are therefore that the flames of mixtures con- 
taining 5°3 to 5°6 per cent. of methane are very sensitive to extinc- 
tion by shock, that a 5°6 per cent. mixture will invariably pro- 
pagate flame when the shocks are no greater than those occasioned 


‘by the somewhat violent bubbling of gas through water, but that 


when the circumstances are such that a tranquil passage is assured, 
5:3 per cent. is the lower limit of inflammability of methane in air. 


Carbon Monoxide—Air Mixtures. Lower Limit. 


A comparatively small number of determinations of the dilution- 
limits of inflammability of these mixtures has been given. They 
are collected in table V. 


TABLE V. 
Per cent. carbon monoxide 
Lower limit. Upper limit. 
Wagner (loc. cit.) ...ccccccccocccccccccccccccccescceces 14-3—16-7 75—80 
Roszkowski (Zeitsch. phystkal. Chem., 1891. 7, 
DINED sdghivsvanducrcdscéeetesoucdnsaccaseses oahaknke ae 14-1—14-3 74-6—74-8 
CRON TEI GID | hake cc cist sisccsccesccciscccscecs ae 13 75 
Le Chatelier and Boudouard (Compt. rend., 
RSOS, 126, TEAR) —occccccccccccccccsccccosesccsse 15-8—16-0 72-5—76-5 
. f 144 = 
Witmer (106. C6b.) ....0cccccccscvsesccscvscccscscocsccsce \ 16-4—16-6 74-8—75] 


The figures of Eitner show that a difference of about 2 per cent. 
of carbon monoxide exists between the composition of mixtures 
which will propagate flame upwards and downwards. Le Chatelier 
and Boudouard have shown in their memoir the great influence 
which the diameter of the vessel used for the experiment has on 
the passage of a flame in carbon monoxide mixtures. When the 
vessel had a diameter less than 14 mm., the dilution-limit was 
rapidly raised by decrease in diameter; there seemed to be little 
difference, however, between the dilution-limits in tubes of diameter 
13°8 and 40 mm. The observations were apparently made with 
flames travelling downwards, so that they are not satisfactory in 
view of the criterion of inflammability which we have adopted. 

Experiments in 11-litre Vessel (Fig. 2).—12°0 and 12°2 per cent. 
of Carbon Monozide.—Inverted cones of flame, which were extin- 
guished 10 cm. above the spark-gap, were produced by the first 
few sparks, then tongues of flame reaching sometimes nearly to the 
top of the vessel. The use of the trembler on the coil resulted in a 
long, thin blue flame playing on the top of the vessel, without 
spreading much. 

12°4 per cent. of Carbon Monoxide.—The first three sparks each 
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gave a pair of vortex rings, the smaller (about half the diameter 
of the larger) being the upper one. In each case these flames 
were extinguished before they reached the top of the vessel. 

12°6 per cent. of Carbon Monoxide.—The first spark produced 
a large vortex ring, which occasioned general inflammation in the 
upper half of the vessel. 

12°9 per cent. of Carbon Monoxide.—A vortex ring was formed, 
and resulted in general inflammation. The ring in this mixture, 
and a solid cone of flame in a 14°0 per cent. mixture, expanded 
until of the diameter of the vessel, when apparently complete 
inflammation of the gases above occurred. 

When the bottle was inverted so that the spark-gap was at the 
top, a flame travelled downwards throughout the whole mixture 
only when the percentage of carbon monoxide reached 15°3. 

Experiments in Large Box (Fig. 3).—12°3 per cent. of Carbon 
Monoxide.—A fine vortex ring was formed, and travelled about 
20 cm., but was then extinguished. 

12°33 per cent. of Carbon Monozide.—A vortex ring was formed 
and broke into pieces which travelled about half-way up the box 
and then became extinguished. 

12°5 per cent. of Carbon Monoxide.—A ring of flame followed 
by and connected with a smaller one, rose, then broke into pieces 
which rose unsteadily until a portion broke away and travelled 
to the top. In a second experiment the apertures at the side of 
the box were opened at the moment of sparking. The flame pro- 
duced was at first a vortex ring which increased in diameter as 
it rose until, when about half-way up the box, it almost touched 
the sides of the vessel. It then broke and filled the upper part 
of the box with striz of flame. 

12°7 per cent. of Carbon Monoxide.—The result was very like 
that of the previous experiment, but the whole flame was brighter. 

12°9 per cent. of Carbon Monozide.—A flame as wide as the 
box itself, with a strongly curved convex front, passed slowly and 
steadily up throughout the whole mixture. 

We therefore put the lower limit of inflammability of carbon 
monoxide in air as 12°5 per cent. of carbon monoxide. 


Photographic Records of the Carbon Monoxide Flames. 


The luminosity of the flames in a mixture containing 12°5 per 
cent. of carbon monoxide with air has proved just sufficient for 
photographic record, and for the series of pictures (Figs. 8 to 17) 
of flames we have to thank Mr. J. W. Grundy, of the Manchester 
School of Technology. Figs. 8 to 16 were obtained by exposures 
of one-fifteenth of a second to flames produced in the 11-litre 


Flames in 12°5 per cent. carbon monoxide mixtures. 


Fig, 11. 


Flame near top of bottle. 
Fie. 10. nenr inp ge © 


Flame higher than in Fig. 9. 


Fic. 12. 
Symmetrical flame near top of bottle. 
Fic. 9. 
Flame higher than in Fig. 8. 


Fic. 13. 


Time exposure until flame was suddenly 
extinguished. 


Fie, 8. 
Flame a few inches above spark 
gap. 
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Flames in 12°5 per cent. carbon monoxide mixtures. 


Fie. 16, 
Time cxposure during whole of combustion, 
Fie. 14. 


Exposure cut out when flame reached 
top of vessel. 


Fie. 17. 
Time exposure of flame in lower 
part of box. 


Fie, 15. 


Exposure cut out when flame reached 
top of vessel. 


INFLAMMABILITY OF GASEOUS MIXTURES. 1879 


bottle, and show the flame just above the spark (Fig. 8), with a 
second ring in process of formation; higher (Fig. 9), and still 
higher (Fig. 10), with the second ring more prominent. The dis- 
tortion of the flame by contact at one point with the wall of the 
containing vessel is shown in Fig. 11, and when, in another mixture 
of the same composition, the flame came into contact with the 
wall all round, the effect is reproduced in Fig. 12. When the 
photographic plate was exposed during the whole time of an in- 
flammation until the flame was extinguished by the sudden release 
of pressure in the vessel, the path of the double ring was recorded 
(Fig. 13). The lower part of this photograph is complicated by 
a movement of the bottle when the flame was blown downwards. 
On other occasions the plate was exposed until the flame had 
reached the top of the vessel and was just about to travel down- 
wards (Figs. 14 and 15). An exposure during the whole combus- 
tion shows the inflammation of the lower layers of gas (Fig. 16). 
Finally, the photograph of the passage of the flame up the large 
box, from just above an igniting jet of hydrogen, shows faintly a 
ring of flame and the subsequent combustion of the mixture. This 
flame was extinguished before it had reached the top of the box. 

The methane and hydrogen flames proved to be too weak to be 
photographed. To the eye, the metliane flames were not unlike 
the carbon monoxide ones in form. The hydrogen flames were 
usually single rings, and rarely showed a tendency to the double- 
ring formation; they broke up into separate balls of flame. 


A Comparison between the Effects of Spark Ignition and Flame 
Ignition. 


There exists in some quarters a belief that an electric spark 
is a more effective igniting agent than a flame. It is difficult to 
understand how this belief has arisen, for the ordinary spark 
produces much less heat than a small flame of coal-gas or of 
hydrogen burning for, say, a second. The temperature of the 
spark, or, better, the concentration of its energy, is obviously high, 
but, on the other hand, the temperature of an ordinary flame 
in air is considerably higher than that of the inflamed dilution- 
limit mixtures. In other words, both means of ignition are 
well above the ignition-temperatures, but the small flame has a 
considerably greater bulk than the spark. Regarded as a purely 
thermal effect, the flame should be at least not weaker than the 
spark in igniting power. Nevertheless, its electrical nature may 
have suggested that the spark is stronger, so the matter was put 
to experimental test by using a modification in the large box 
(Fig. 3) to permit the introduction of a flame with some rapidity 
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into approximately the same position as had been occupied by the 
spark-gap. At the same time, the arrangement prevented the 
access of any appreciable amount of external air to the mixture 
in the box. The following observations were made: 

Hydrogen Mizxtures.—(1) 4:0 per cent. of Hydrogen—A very 
faint flame rose in the mixture, and travelled in one experiment 
about 60 cm., in another nearly to the top of the box. In both 
cases a few hundred c.c. of pure hydrogen were run into the very 
top of the box at the moment the flame was first observed lower 
down, but this reservoir of hydrogen was not ignited, so that no 
flame had travelled to the top of the box. 

(2) 4:2 per cent. of Hydrogen.—A visible flame, starting as a 
ring, which broke into pieces, reached the top of the vessel. It 
was faint, but quite distinct, so that this observation, as well as 
the previous one, is quite like those made when electric ignition 
was employed. 

Methane Experiments.—(1) 5°3 per cent. of Methane.—This 
mixture gave a vortex ring of flame very like that produced by 
spark ignition. This developed into general inflammation when 
about 30 cm. up the box, but immediately afterwards, the commo- 
tion produced by the outrush of gases through the water seal caused 
the flame to break into a number of striations, which were extin- 
guished about 60 cm. up the box. 

(2) 5°5 per cent. of Methane.—A typical ring was observed, rose 
expanding, and then broke into a steady flame with convex front, 
which passed to the top of the vessel at a uniform rate. These 
observations are quite in accord with those seen when electric 
ignition was employed. 

Carbon Monoxide Experiments.—(1) 12°3 per cent. of Carbon 
Monozide——A ring of flame travelled upwards, developing the 
double-ring structure, and then breaking into a striated flame one 
portion of which travelled to within a few cm. of the top of the 
vessel. 

(2) 12°5 per cent. of Carbon Monoxide.—The flame resembled 
at first that of the previous mixture, but the resultant flame 
travelled to the top of the box as a strongly agitated, flickering 
flame. 

We conclude from these experiments that, whether a flame is 
initiated by a spark or by another flame, its subsequent passage 
through the upper two-thirds of the vessel used is independent of 
the nature of the means used for ignition. This is strong support 
for the belief that in such a vessel a flame can be observed 
sufficiently far from the source of ignition for it to be independent 
of the primary ignition. 


ee 
Oe 
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If a mixture is incapable of propagating a flame indefinitely, 
the nature and size of the limited flame above the spark or jet 
of flame depends on the heat of the spark or jet, a strong spark 
being, roughly, equivalent to a very small jet. 


Some Attempts to Trace a Simple Connexion between Dilutron- 
limits and Ignition-temperatures. 


In the first edition of his “Gasometry” (1857), Bunsen quoted 
his determinations of the dilution-limit of inflammability of electro- 
lytic gas mixed with excess of oxygen, of hydrogen, and of carbon 
dioxide. He proceeded to deduce from these the ignition- 
temperatures of the three mixtures by assuming that a flame which 
travelled from layer to layer of the limiting mixture must transmit 
just sufficient heat to raise each succeeding layer to its ignition- 
temperature; and, furthermore, that the whole of the heat 
liberated by the combustion of one layer, after it had been raised 
to its ignition-temperature, was transmitted to the next layer. 
This very rapid transmission of heat and equalisation of tempera- 
ture between a completely burnt layer and the next unburnt layer 
enabled the ignition-temperature to be determined from the ratio: 

Heat produced by the inflammation of one layer 

_ Specific heat of the unburnt layer. . 
In 1857 Bunsen apparently did not feel much confidence in the 
results, but in the second edition of his work (1877) the calculated 
ignition-temperature for the mixture diluted with oxygen was put 
forward without reservation. Since then, direct observations of 
ignition-temperatures have been made, and these may be compared 
with the results of calculations similar to those of Bunsen. This 
has already been done by Burgess and Wheeler (loc. cit.) for the 
lower limits in air of the three simplest hydrocarbons of the 
paraffin series; their method was to calculate from the ignition- 
temperatures given by Dixon and Coward (T., 1909, 95, 514) the 
dilution-limits, and to compare them with their own observations. 


Their lower limits are put thus: 
Percentage by volume. 


Calculated. Observed. 
DRO ii cidaccaciassisscucsésaes 1-426 5-60 
MEM Ssvcocussevicassscasdessssses 0-754 3-10 
SOD  scernitissaccsenntsbcensess 0-495 2°17 


They explain the discrepancy as due to two factors: first, that. 
“heat is bound to be communicated from the gases first inflamed, 
not only to the adjacent layer, but to layers at a further distance ” ; 
secondly, the loss of heat by radiation from the flame. No 
attempt was made to prove these to be adequate reasons, and it 
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seems to us to be doubtful whether they will prove to be so, for, in 
the first place, if layers “at a further distance” receive heat prior 
to contact with the flame, much of this heat will not be dissipated 
before the flame arrives, so that it is not lost at all; and, in the 
second place, the radiation losses in much hotter flames have been 
shown by B. Hopkinson (Rep. Brit. Assoc., 1910, 221) for mixtures 
of coal-gas and air, and by Bjerrum (Zeitsch. -physikal. Chem., 
1912, 79, 513) for mixtures of hydrogen and carbon monoxide 
with oxygen in their reacting proportions to be far smaller than 
is necessary to explain the present discrepancies. 
Our own calculations on this point are collected in table VI. 


TaBLe VI. 
Carbon 
Hydrogen. Methane. monoxide. 
Ignition-temperature (Dixon \ mane f 650—750° \ ° 
and Coward) 585 \ (say 700°) f 651 
Heat of combustion at 18° and ] 
constant volume, of one " 
gram-molecule, calculated - a 191070 67670 
for steam as a product of mene 
combustion. 
Heat of combustion as above, | 
but calculated for the igni.! 58230 188440 67100 
tion-temperature of each | calories 
gas [A]. al 
Heat required to raise the di- 
lution-limit mixture (that | 
amount which contains one | 70430 69730 26590 
calories 


gram-molecule of inflam- 

mable gas) from 18° to the 

ignition-temperature [B]. | 
Ratio of “ effective heat” of \ 9 .37 396 

flame [B] to totai heat [A]. / _ — — 
Dilution-limit of inflamm- | 


ability calculated from ig- } 5-0% 20% 5-0% 
nition-temperature. | 

Dilution-limit determined ex- \ 4-1% 53% 12-56% 
perimentally. 


The data used for these calculations must first be specified. The 
specific heats are perhaps the most important, and the values used 
are those chosen by Lewis and Randall (J. Amer. Chem. Soc., 
1912, $4, 1128) from a careful consideration of the published 
values, as follows: 


True specific heat at constant 
pressure (7' represents temperatures 


absolute). 
Hydrogen .......seceeeeeeeeees 6-50+-0-00097' 
Nitrogen .....scsccreecereeserers 
OXYGEN ....ccccccccccsccccsscees 6-50+-0-00107 
Carbon monoxide ............ 
I tire anbierunnricessé 8-81—0-00197'+ 0-0000022277 


Carbon dioxide .............+. 7-0+0-00717'—0-00000186T? 
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The specific heats at constant volume were obtained by subtract- 
ing the gas constant (1°985 cal.), and by a well-known process the 
mean specific heats between 18° and the ignition-temperature were 
obtained. The specific heats at constant volume have been chosen 
—although there exists no direct experimental evidence to guide 
the choice—solely for the reason that the specific heats at constant 
pressure would bring the calculated dilution-limit for hydrogen 
still further in excess of that observed. 

The heats of combustion of the three gases at their ignition- 
temperatures have been calculated from their heats of combustion 
at 18°, and the specific heats of the reacting substances and their 
products of combustion [A]. For comparison are put the corre- 
sponding amounts of heat required to raise the same amount of 
mixture to its ignition-temperature [B]; and the ratio of the two 
shows the proportion of the heat of 
combustion which is used in bringing Fre. 18. 
the uninflamed layer of gas to its igni- 
tion-temperature 

The calculations are expressed some- A 
what differently by a comparison of the 
dilution-limits with the calculated per- 
centage of gas required to produce @ [-————-—-— 
enough heat to propagate combustion, _ |} idee 
that is, the so-called “calculated dilu- Th ¢ 
tion-limit” (see the two last rows of 
the table). The value for methane is 
considerably lower than the observed 
dilution-limit, and so, too, is the calcu- 
lated carbon monoxide dilution-limit. 
In the case of hydrogen, the remarkable result is that the calcu- 
lated dilution-limit is higher than that observed, that is to say, 
that the amount of heat produced by combustion of the limit 
mixture is well below the amount calculated as necessary to inflame 
neighbouring layers. 

Whilst we have no further experimental evidence to test any 
interpretation of these differences, we cannot avoid attempting 
some speculation in view of our confidence in the dilution-limits 
which we have determined. Let us first examine more closely the 
arguments upon which the Bunsen calculations are based. Sup- 
pose a flame to travel up the tube A (Fig. 18), and let the flame- 
front at a certain moment be at the point ¥. Suppose a repre- 
sents the thin burnt layer, B the next layer to be inflamed. The 
whole of the heat of combustion of layer a must be conducted to 
layer B prior to the inflammation of the latter if the Bunsen calcu- 
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lation is sound. This is possible when, and only when, the com- 
bustion in @ is completed almost instantaneously, and its heat is 
transmitted forwards only. It is impossible to regard either 
assumption as quite true, especially the latter, for the whole theory 
depends on the assumption that the burnt-out layer y next to a 
is just at the ignition-temperature of the mixture, and consequently 
considerably cooler than a itself, and therefore capable of receiving 
much of the heat of the layer a. In short, if y is not at the 
ignition-temperature, the theory is wrong; if y is at the ignition- 
temperature, the theory is still wrong. 

This consideration renders the interpretation of the results with 
hydrogen still more difficult. In this case, it is undesirable to put 
forward some speculations which have suggested themselves until 
experimental support is forthcoming. 


Summary and Conclusions. 


A collection has been made of the results of previous determina- 
tions of the dilution-limits of inflammability of hydrogen—air and 
of hydrogen-oxygen mixtures. The complete lack of accord 
thereby disclosed is shown to be due, in the first place, to want 
of consideration of the meaning of the terms employed. A dilu- 
tion-limit of inflammability of a gaseous mixture is, of course, 
reached when the addition of an indefinitely small amount of the 
diluent renders the mixture no longer inflammable. The whole 
definition now turns upon the meaning of the word inflammable, 
and it is necessary to point out that inflammability must be 
regarded as a specific property, either present or absent, of any 
given gaseous mixture under defined conditions of temperature and 
pressure. We therefore define a mixture as inflammable per se 
at a stated temperature and pressure if, and only if, it will pro- 
pagate flame indefinitely, the unburnt portion of the mixture being 
maintained at that temperature and pressure. 

On the basis of this definition, a criterion cf inflammability 
was established during the development of the experimental 
observations. Satisfactory experimental results are to be attained 
when attention is paid to the following points: 

(1) The vessel containing the mixture must be so constructed as 
to allow free expansion of the heated products of combustion, and 
thereby to avoid compression of the unburnt gases. 

(2) The vessel must be large enough to permit the flame to 
travel with relatively inappreciable cooling by the walls of the 
vessel. 

(3) The flame must travel through a sufficient distance so as 
to leave no doubt that, if given the opportunity, it would travel 
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indefinitely through the same mixture, that is, that its continued 
propagation had become independent of the initial impetus of the 
igniting arrangement. 

(4) The rate of propagation of flame from layer to layer of a 
weak mixture is often less than the rate of the convection current 
which it produces, and so it cannot travel downwards. Such a 
mixture is nevertheless truly inflammable if it will propagate a 
flame indefinitely upwards. 

It is only by paying strict attention to a definition, and then 
to a criterion, of inflammability that this subject can be treated 
scientifically, for disregard of these two points has led to the hope- 
lessly variant results of previous workers. A mixture shall not 
necessarily be termed inflammable if in a specified vessel it burns 
completely, or not inflammable if in a specified vessel it fails to 
burn completely. | 

The lower limits of inflammability of three gases in air, the 
mixture being saturated with water vapour at 17° to 18° and the 
total pressure atmospheric, are: 


FD cn cccccsncsccssccsoncossccecesese 4-1 per cent. 
MED cca sncnitsiesisccsasscdioatsascsosn 5-3 die 
Carbon monoxide ............ee0eeeeeee 12-5 dan 


Incidentally, the present communication contains an account of 
vortex rings of flame observed in each of these mixtures; of mix- 
tures containing hydrogen which propagate flame indefinitely, but 
leave unburnt a very considerable proportion of the whole mix- 
ture; of wide flames, sometimes 30—60 cm. high, which are 
nevertheless incapable of propagating flame further in the same 
mixture as that in which they were produced. Finally, the flames 
formed by primary ignition by a strong spark are ultimately in- 
distinguishable from those produced primarily by a small, strongly 
burning jet of pure hydrogen.. 
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CLXXV.—Kaperiments on the Migration of para- 
Halogen Atoms in Phenols. 


By Ivan Ricwarp Gipss and Puitiep WILFRED RoBerTson. 


Ir has been shown (Robertson, T., 1908, 93, 793; Robertson and 
Briscoe, T., 1912, 101, 1961) that certain para-halogen substituted 
phenols, for example, 6-bromothymol (I), behave peculiarly on 
nitration, in that the halogen atom is replaced by the nitro-group 


1886 GIBBS AND ROBERTSON: EXPERIMENTS ON THE 


and migrates to the ortho-position (V). In the hope of discovering 
other cases of this somewhat remarkable transformation, and with 
the object of examining more closely its nature, we have investi- 
gated the same reaction in the case of certain other phenols 
(II, ITI, IV) of an analogous nature to 6-bromothymol. A synopsis 
of the results is indicated below: 


Br Br Br Br 
( cH (cH, _ (‘oH /\on 
C,H, NO = Br y, CO,H\ y, 
OH OH OH H 
(I) (IL) (UL) (IV.) 
Y Y Y Y 
NO Br NO Br 
“ou / cu, / oH, / cH, 
OH /Br NO, /NO, NO Br CO,H\ )XO; 
O OH OH H 
a (V.) (VI.) (VII.) (VIII.) 


It is seen that 6-bromo-4-nitro-m-cresol (II) behaves normally on 
nitration, and the constitution of the product (VI) was fixed by 
the fact that a different substance (VII) resulted from the bromina- 
tion of 4:6-dinitro-m-cresol, in which reaction there is no possi- 
bility of rearrangement. 

In the nitration of 4:6-dibromo-m-cresol (III), migration of 
bromine occurs, and the second bromine atom is displaced with the 
formation of 2-bromo-4 :6-dinitro-m-cresol (VII). In this reaction 
2 :4-dibromo-6-nitro-m-cresol is probably an intermediate product, 
for this substance is readily acted on by nitric acid with the forma- 
tion of the dinitro-derivative (VII). 

Under certain conditions, especially in cold dilute acetic acid, 
and in the absence of water, 6-bromo-3-hydroxy-ptoluic acid (IV) 
reacts normally with nitric acid. The carboxylic group, however, 
is eliminated or displaced with extraordinary ease in the m-cresol 
series, and in this reaction, in addition to the normal product 
(VIII), the following three substances (IX, II, X) were also found 
to be formed in different experiments. The conditions which deter- 
mined the formation of one or other of these compounds were very 
subtle, seeming to depend on the rate of addition of the nitric 
acid, its quantity, the state of dilution, and the temperature: 


Br Br NO, 
cu, (oH, ( Nou, 
iting A sa \ 75% 
OH OH OH 


MIGRATION OF PARA-HALOGEN ATOMS IN PHENOLS. 1887 


In none of the four compounds produced by the action of nitric 
acid on 6-bromo-3-hydroxy-p-toluic acid has there occurred a 
migration of the para-bromine atom to the ortho-position. The 
proof of the constitution of the bromonitro-3-hydroxy-p-toluic acid 
(VIII) was obtained from the consideration that a different 
isomeride was formed in the bromination of 6-nitro-3-hydroxy-p- 
toluic acid. The constitution of the dinitro-m-cresol (X) was 
settled by the scheme of operations indicated below: 

NO, NO, NO, 


( cH, HNO; ( Nou, / OH, HNO: ( cH, 
HM . = | } —— N 

‘2 5 aan NY 
OH VU OH 


(X.) “  ¢XL) 

Three dinitro-m-cresols substituted in the ortho- or para-positions 
are theoretically possible; the 2:4-compound is already known 
(Ber., 1890, 28, 3479), and is different from either of the com- 
pounds X or XI, so that they must have the constitutions assigned 
to them. It is somewhat remarkable that in the nitration of 
6-nitro-m-cresol the second nitro-group enters a position which 
would seem sterically unfavourable. Raiford observed (J. Amer. 
Chem. Soc., 1914, 86, 670) that on chlorination both the 4:6- and 
the 2:6-chloronitro-compounds are formed. By the most careful 
bromination, on the other hand, we have found that 2:4-dibromo- 
6-nitro-m-cresol was the only product. 

Reference has been made above to the readiness with which the 
carboxyl group is eliminated or displaced from this type of com- 
pound on nitration. The same phenomenon was also frequently 
observed in the case of the action of the halogens, even in cold 
dilute acetic acid solution. Water accelerated this change, prob- 
ably owing to increased ionisation ; hydrogen chloride, on the other 
hand, had a retarding effect. If the temperature was allowed to 
rise, and especially in the presence of water, oxidation also tended 
to take place. The following examples are illustrations: 


Br 4 
con we mB 
\ Xe Y 
NO, NO, : 

(NCH, be Om a CH, 
ss sas OO > ~ ais acs 
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I 

(‘ou, 4 (Yom, 
00,Na, i 
ONa OH 


The fact that in the last case there was displacement only in 
the presence of alkali seems to indicate that these changes take 
place according to the following schemes: 


I Na Br H Cl H 
—{ oe . we | Be ie el r ait 1 a 
| I Oo Br O | a ee 

1 ! 
ya a CO J CO 


The efficiency of hydrochloric acid in causing the elimination 
of a carboxylic group from an aromatic acid is probably due to a 
similar reaction (see above). This subject is at present being 
further investigated. The behaviour of nitric acid in replacing a 
carboxyl by the nitro-group may be explained by an analogous 
assumption. As further examples of this change may be cited 
the following: 


Br Br 
“Non, HNO; (cu 
CO,A. yp -- > NOx yet 
OH OH 
Cl Cl 
J \ 
00 al ‘cH, EN Wo! ‘CH, a, "0 (oH, 
ie Fd > \ J ba \ / 
OH OH OH 


The presence of the nitro-group in the 4-position in the chloro- 
nitro-m-cresol was proved by the fact that the same compound was 
formed on the chlorination of 4-nitro-m-cresol. 


EXPERIMENTAL, 
The compounds described below were purified by recrystallisation 
from aqueous acetic acid, and all cases of identity were established 
by the method of mixed melting points. 


4:6-Dibromo-m-cresol (III). 


Thirty grams of m-toluidine were boiled for four hours with 
slightly more than the theoretical quantity of acetic anhydride; 
water was added to decompose the unaltered anhydride, and the 
solution was made up to 500 c.c. with glacial acetic acid. Bromine 
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(2 mols.) dissolved in acetic acid was added slowly in the cold. 
On the addition of water the product separated as a white solid, 
which was found on recrystallisation to be pure 4 : 6-dibromoaceto- 
m-toluidide (compare Ber., 1880, 13, 971). On hydrolysis the 
corresponding toluidine was obtained, and was dissolved in much 
boiling dilute hydrochloric acid. On cooling slowly the hydro- 
chloride was deposited in fine needles. The calculated quantity of 
sodium nitrite was slowly added with constant stirring in the cold; 
after two hours most of the solid had disappeared, and the solution 
was heated on the water-bath and finally distilled in a current of 
steam. The product obtained in this manner consisted partly of 
4-bromotoluquinone, from which 4:6-dibromo-m-cresol was sepa- 
rated by treatment with aqueous alkali. On recrystallisation it 
was freed from traces of nitrophenols, and obtained in fine, white 
needles, melting at 55°: 

0°1158 gave 0°1650 AgBr. Br=60°7. 

C,H,OBr, requires Br=60°3 per cent. 

This compound was readily nitrated in cold acetic acid solution, 

with the formation of 2-bromo-4 : 6-dinitro-m-cresol (VII). 


2:6-Dinitro-m-cresol (X). 

6-Nitro-m-cresol dissolved in excess of acetic acid was treated in 
the cold with the theoretical quantity of nitric acid in the same 
solvent. The sole product of the reaction was 2: 6-dinitro-m-cresol, 
melting at 74°: 

0°1066 gave 12°7 c.c. N, at 16° and 749 mm. N=14°4. 

C,H,O;N, requires N=14'2 per cent. 

The same compound was one of the products of the nitration 
of 6-bromo-3-hydroxy-p-toluic acid. The constitution arrived at 
from the considerations in the theoretical part of the paper was 
confirmed by the fact that it yielded on bromination 4-bromo-2 :6- 
dinitro-m-cresol, melting at 116° (compare Annalen, 1898, 308, 29). 


4:6-Dinitro-m-cresol (X1). 


This was obtained by the cautious nitration in the manner 
described above of 4-nitro-m-cresol, and formed dull, yellow crystals, 
melting at 60°: 

0°2421 gave 29°3 c.c. N, at 15° and 751 mm. N=14°5. 

C,H,O;N, requires N=14°2 per cent. 


On bromination it formed 2-bromo-4 : 6-dinitro-m-cresol (VII). 
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6-Bromo-2-nitro-m-cresol (IX). 


When the nitration of 6-bromo-3-hydroxy-p-toluic acid was 
carried out in aqueous acetic acid, and especially if the tempera- 
ture was allowed to rise, a small quantity of a compound melting 
at 105° was isolated : 

0°1785 gave 9°3 c.c. Ng at 22° and 765 mm. N=6'l. 

C,H,O,;NBr requires N=6'0 per cent. 

The distinct yellow colour of this substance was an indication of 
the presence of the nitro-group in the ortho-position with respect 
to the hydroxyl group. 


6-Bromo-4-nitro-m-cresol (II). 


This compound was obtained by adding the calculated quantity 
of bromine in acetic acid solution to 4-nitro-m-cresol in the same 
solvent. It formed yellowish-green needles, moderately soluble in 
water, melting at 127°: 


0°1623 gave 0'1331 AgBr. Br=34'9. 

C;H,O,NBr requires Br=34'5 per cent. 

It was also one of the products of the nitration of 6-bromo-3- 
hydroxy-p-toluic acid in aqueous acetic acid solution. On nitration 
it yielded 6-bromo-2:4-dinitro-m-cresol (VI), in which reaction 
there has been no migration of the para-halogen atom. 


6-Chloro-4-nitro-m-cresol. 


This was prepared by passing the theoretical quantity of chlorine 
into an acetic acid solution of 4-nitro-m-cresol. 

It was also obtained by the action of nitric acid on 6-chloro-m- 
cresol in glacial acetic acid solution, and on 6-chloro-3-hydroxy-4- 
toluic acid in aqueous acetic acid solution. It crystallised in long, 
yellowish-green needles, melting at 89°: 

0°1838 gave 11°5 c.c. N, at 22° and 773 mm. N=7°4 

C;H,O,NCI requires N=7°5 per cent. 

Attempts were made to nitrate this substance ; it was in all cases, 

however, recovered unchanged. 


2-Bromo-4 : 6-dinitro-m-cresol (VII). 


This compound was obtained in the following reactions: 

(1) By the bromination of 4 : 6-dinitro-m-cresol. 

(2) By the nitration of 4:6-dibromo-m-cresol, in which reaction 
there has occurred bromine migration and bromine displacement. 
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(3) By the nitration of 2:4-dibromo-6-nitro-m-cresol, which 
change indicates that this substance is an intermediate product 
in (2). 

(4) By the nitration of 2 : 6-dibromo-m-cresol.* 

(5) By the action of excess of nitric acid on 2:4: 6-tribromo-m- 
cresol. 

When prepared by any of these methods the compound melted 
at 104°: 

0°1470 gave 12°4 c.c. N, at 19° and 755 mm. N=9°9. 

C,H;0;N,Br requires N=10°0 per cent. 


6-Bromo-2 :4-dinitro-m-cresol (V1). 
6-Bromo-4-nitro-m-cresol yielded this substance on nitration. It 
formed yellow crystals melting at 78°: 
0°1650 gave 13°9 c.c. Ny at 20° and 762 mm. N=9°9. 
C,H;0;N,Br requires N=10°0 per cent. 


2-Bromo-6-nitro-3-hydroxy-p-toluic Acid. 


On cautious bromination in the cold, 6-nitro-3-hydroxy-p-toluic 
acid formed the above compound ; as is frequently observed in the 
case of pnitrophenols, the substance was almost pure white. It 
melted at 203°: 

0°2210 gave 9°4 c.c. N, at 17° and 768 mm. N=5'l. 

C,H,O;NBr requires N =5'l per cent. 

In the presence of water, however, carbon dioxide was evolved 
even in the cold, and the chief product of the bromination was 
2:4-dibromo-6-nitro-m-cresol. If the solution was warmed, the 
reaction proceeded still further, and considerable quantities of 
tribromotoluquinone were also formed. 


6-Bromo-2-nitro-3-hydrozy-p-toluic Acid (VIII). 


This was one of the products of the nitration of 6-bromo-3- 
hydroxy-ptoluic acid if the reaction was allowed to take place 
in cold acetic acid solution and in the absence of water. It formed 
yellow crystals melting at 178°: 

0°2115 gave 0°1454 AgBr. Br=29°2. 

C,H,O;NBr requires Br=29°0 per cent. 

With regard to the preparation of the 6-bromo-3-hydroxy-p-toluic 
acid employed in this reaction, it should be noted that the 
bromination must be performed in cold acetic acid solution and in 


* This substance was obtained as an oil by the distillation in a vacuum of the 
calcium salt of 2: 6-dibromo-3-hydroxy-p-toluic acid. 
6G 2 
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the absence of water to avoid the formation of tribromo-m-cresol 
and tribromotoluquinone. Even under these conditions the 
product was contaminated with considerable quantities of the 
dibromo-acid. This difficulty was to some extent overcome by 
employing the methyl ester for the bromination. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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CLXXVI.—Position-Isomerism and Optical Activity. 
By Jutius BerEND CoHEN. 


In a paper published in 1896 (T., 69, 1583) Frankland and 
Wharton suggested a theory to explain the changes in rotatory 
power produced by nuclear substitution in the ortho-, meta-, and 
para-positions on a side-chain containing an active group. 

They assumed on the analogy of a weight acting at the end of a 
lever-arm that the amount of deviation was determined by the 
distance of the substituting group from the active group in the 
following way. The centre of gravity of the benzene nucleus being 
at the centre of a regular hexagon, they suppose that the ortho- 
substituent to the active group shifts the centre of gravity towards 
the asymmetric carbon of the side-chain, whereas the para-substi- 
tuent has the opposite effect, the meta being intermediate between 
the two, and thus, whilst the ortho-substituent diminishes, the 
para-substituent increases, the magnitude of the rotation. In the 
unsubstituted nucleus the centre of gravity is coincident with the 
centre of the hexagon, and therefore acts at the end of a longer 
lever-arm than the ortho-substituted nucleus, but through a shorter 
arm than the meta-compound. 

According to this “lever-arm” theory, it was anticipated by 
the authors that the order of magnitude of the rotation would be: 
ortho<unsubstituted nucleus<meta<para, and they collected a 
number of facts which appeared to support this view. 

In an address delivered before the Chemical Society (T., 1912, 
101, 654), Professor Frankland revived the theory, and has sought 
to illustrate its validity by a few selected observations made by 
myself and my students, whereas the majority of these observations, 
the greater number of which were omitted from the address, lead 
to the very opposite conclusion. As the results of these researches 
have never been put together in a connected form, I think it 
desirable to review them in the light of this theory. 
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If there were any truth in the notion that the rotational value 
was determined by the position of the centre of gravity of the 
nucleus in relation to the active group, then it would follow: 
(1) that the greater the mass of the substituting group or element 
the greater would be the observed difference between the constants 
for the ortho- and para-isomerides, and (2) that the maximum 
rotation would invariably be determined by the para-substituent. 

Now the following observations show that exactly the contrary is 
the case: 


cM”. 
Menthy] esters [Mye”. 
of benzoic acid. F,} Cl.2 Br.’ fe NO,.5 
GOD crececees —194-5° —195° —205° ~—237° _ 381° 
i error — 236 — 237 — 239 — 237 — 251 
BD acenessncione — 239 — 237 — 239 — 237 — 237-5 


Menthyl benzoate, [M}””” — 239°. 


1 Cohen, T., 1911, 99, 1058. 

* Cohen and Briggs, T., 1903, 83, 1214. 

* Tschugaev, J. Russ. Phys. Chem. Soc., 1902, 34, 606. 
4 Cohen and Raper, T., 1904, 85, 1271; 1911, 99, 1058. 
> Cohen and Armes, T., 1905, 87, 1190. 


There are several points which are specially noticeable in these 
examples: first, the meta- and para-halogen derivatives give con- 
stants which are aimost identical with that of the unsubstituted 
ester. In the case of the nitro-derivatives, whilst the rotation of 
the para-compound is almost identical with that of the menthyl 
benzoate, those of the ortho- and meta-derivatives are not less, but 
greater, than the rotation of the para-compound; secondly, the 
ortho-substituent produces in all cases, except in that of the iodo- 
benzoic esters, the largest deviation from the constant of the unsub- 
stituted ester; thirdly, the element iodine, which possesses the 
greatest mass of the four halogens and might not unreasonably be 
expected to produce, according to the theory, the most marked effect, 
in the rotations of the position-isomerides, actually exhibits the 
least, at. the temperature of observation, the constants being sub- 
stantially the same as that of the unsubstituted ester. 

The above observations were omitted from Professor Frankland’s 
address; but even those referred to, namely, the menthy) esters 
of the toluic acids and the alkyloxy-derivatives, which were intro- 
duced in support of his theory, cannot be regarded as affording much 
more satisfactory evidence. The following table gives our numbers 
for the three groups of position-isomerides at 100°: * 


* The constants at 100° are taken owing to the fact that some of the substances 
examined are solids at the ordinary temperature, and could not be examined except 
in solution unless the higher temperature were attained. 


1894 COHEN: POSITION-ISOMERISM AND OPTICAL ACTIVITY. 


Mp. 
Menthylester.? CH,. OCH, O°C,H,  O°C,H, 0°C,H,. 
oe ‘let IE 223° —155° —157° —180° —196° 
le apc _ 235 243 237 235 —237 
a _ 237 — 239 — 238 — 234 237 


Menthyl benzoate, [MJ]! —233 
2 Cohen and Dudley, T., 1910, 97, 1732. 


Here, again, the constants for the meta- and para-compounds 

approach much more closely that of the unsubstituted ester than 

the constants for the ortho-esters. - 
Similar results were obtained with the disubstituted esters, the 

effect of the substituents being roughly additive: 


[Mj]?”. 
‘ Menthyl ester. Cl. Cl : Br.? Br,.? Cl: NO,.4 (NO,).5 
Se eine a 339° yy 19° —$37° — 642° 
: — 204 (2-Cl) . —175(2-Cl)  __ 
3 . 4 eeeeeeeee — 209 { = £39 (4-Cl) -~216 —_ $71 (4-Cl) 470 
Sibu —— — 236 — 228 — 248 — 246 


Menthyl benzoate, [M]?”” —239°. 


1 Cohen and Briggs, T., 1903, 83, 1214. 

* Cohen and Raper, T., 1904, 85, 1262. 

3 Cohen and Zortman, 1905, 87, 306. 

4,5 Cohen and Armes, T., 1906, 89, 454, 1479. 


Thus, the constants for the chlorobromo-esters lie between those 
of the dichloro- and dibromo-esters, whilst the chloronitro-esters 
have a rotation which represents approximately the mean of the 
values corresponding with the mononitro- and monochloro-esters. 

The remarkably high rotation of the 2:6-dinitro-ester, which is 
readily understood by ieference to the mononitro-ester, is impos- 
sible to explain on Frankland’s theory. 

Nor are the observations just described the result of abnormal 
temperature-coefficients, for if there is any change in the relative 
order at different temperatures, it is not invariably, or even gener- 
ally, in the direction anticipated by the theory, as the following 
results show: 


Iodobenzoic Fluorobenzoic Nitrobenzoic 
esters. esters. esters. P) 
(an, CS, ee, 
(My, [My}0°", ae. fe. . Re. (My, 
ee —237° —236° —194-5° —188-5° —381° — 370° 
NR ih eis — 237 — 233-5 — 236 — 229 — 251 — 250 
ee — 237 — 224 — 239 — 230 — 237-5 — 230 


Menthyl benzoate, [M]}?”” —239° ; [M]!° — 233°. 


In the case of the fluoro- and nitro-benzoic esters, the order at 
20° and 100° is very little changed, and the constant at 100° for # 
the para-compound approximates to that of the unsubstituted 
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ester, whilst in the case of the iodobenzoic esters, where the value 
for the meta-compound at 100° is almost identical with that of 
menthyl benzoate at 100°, the relative values for the ortho- and 
para-ccompounds stand in the reverse order from that anticipated 
by the theory. 

It may be urged that the results of other observers accord better 
with the theory than those recorded above; but so far as our 
very numerous observations go, there is not a single series of 
position-isomerides which is in harmony with Frankland’s theory. 

A much more simple and rational conclusion can be drawn from 
these observations, although it affords no mechanical conception 
of the relation of structure to rotation, as Frankland’s theory 
professes to do. It is to the effect that the element or group lying 
nearest to the active group produces the greatest effect, which, 
according to the nature of the group, may be an increase or 
decrease in the rotation value, and that this value approaches the 
normal for the unsubstituted compound, the farther the substituent 
is removed from its sphere of influence, that is to say, from its 
proximity to the active group. 


Tae University, LEEDs, 


CLXXVII.—The Nitrogenous Constituents of Hops. 
By ALFRED CHaston CHAPMAN. 


Beyonp the statement that hops contain from 2 to 4 per cent. of 
total nitrogen, and the detection of asparagine by Bungener and 
Fries (Zeitsch. ges. Brauw., 1885, 8, 267) and of choline by Griess 
and Harrow (Ber., 1885, 18, 717), little or no work appears to 
have been done on the nitrogenous constituents of hops. A 
detailed investigation of this subject was therefore commenced 
about three years ago, and a brief account of the results has 
already been published (P., 1913, 29, 181). This work was under- 
taken partly in pursuance of the project which I formed some 
years ago of studying all those constituents of hops which had not 
been sufficiently investigated, and partly because it seemed prob- 
able that some of the nitrogenous substances present might be 
possessed of appreciable physiological activity, in which case the 
results might be of help in solving some of the vexed questions 
as to the therapeutic effects of the various kinds of beer. It 
seemed likely, moreover, that these nitrogenous substances would 
have some effect on the vitality of the yeast organism, and that 
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a knowledge of their nature might help towards the better under- 
standing of certain obscure points in connexion with the technology 
of fermentation. 

The above statement as to the percentage of total nitrogen may 
be taken as being substantially correct, although the higher limit 
is, in my experience, but rarely reached. 

According to Hayduck, the percentage of nitrogen soluble in 
water varies from 0°75 to 1°6 per cent., and Behrens (Wochensch. 
fiir Brauerei, 1896, 13, 874) gives the following results for a 
sample of 1894 hops: 


I eiicncicicnccdactnciacitiantercersessaqsenesetes 3-62 per cent. 
DRO TE NID oan osc cicscccssecesscascccsscosocessses 2-24 ‘a 
Nitrogen as matters soluble in boiling water ......... 1-38 per cent. 


This result for soluble nitrogen is, according to my experience, 
unusually high, and I should say that 0°6 per cent. of nitrogen 
soluble in hot water might be taken as a rough average, although 
the proportion will doubtless depend to some extent on the amount 
of water used and on other conditions of extraction. The propor- 
tion of soluble nitrogen will, moreover, probably depend to a 
considerable extent on a number of other factors, among which 
will doubtless be the variety and degree of ripeness of the hops 
in question, the nature of the soil, and the climatic conditions 
under which they were grown and harvested. 

In the case of a number of samples which I have analysed, I 
have found from 1:72 to 4 per cent. of total nitrogen, the majority 
of the numbers falling between 2 and 3°5 per cent. The deter- 
minations of the nitrogen soluble in hot water, using 500 c.c. of 
water for 20 grams of hops and boiling for about one hour, gave 
numbers which varied from 0°44 to 0°9 per cent. As examples, 
the following percentage numbers may be of interest: 


Kent. Bohemian. Oregon. 
Soluble nitrogen...... 0-74 per cent. 0-54 per cent. 0-44 per cent. 
Insoluble nitrogen 2-07 nS 1:36 a 1-56 - 
Total nitrogen ...... 2-81 per cent. 1-90 per cent. 2-00 per cent. 


Inasmuch as comparatively little interest attaches to the nature 
of the insoluble nitrogenous substances, the investigation was 
confined to a study of those substances which are soluble in 
boiling water. 

In the first place, it was thought that it would be interesting 
to ascertain roughly the general nature of the various nitrogenous 
constituents by the application of ordinary analytical methods. 

The following table represents the average of the analyses of 


+ ——_——— —— 


nA REY CE 
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aqueous extracts of English, American, and German hops, the 
results being expressed in percentage of the dry hops: 


Nitrogen as : 

Soluble proteins and albumoses ............sseseseeeees 0-046 

Ammonium salts and amides ............:cceeeeseeeeees 0-100 

AMiINO-SUDStANCES ..........cceceecceeeccecerseseecerccrcess 0-095 

Bases and unclassified nitrogen precipitated by 
Phosphotungstic acid  ............ceecceeceeeeeeeeeeees 0-218 

Unclassified nitrogen not precipitated by phospho- 
tungstic acid, and taken by difference ............ "037 

Total soluble nitrogen ..........0eseeeeeeeseeeeeneeenenees 0-496 


The following table shows the above results expressed in terms 
of percentages of the total soluble nitrogen: 


Soluble proteins and albumoses ...........++sseseeeeeee 9-50 
Ammonium salts and amides ...........ceeeeeeeeeeeeees 20-22 
Ammino-Bahstanees ...0....0000cccccccrsessccccscesccescocess 19-50 

Bases and unclassified nitrogen precipitated by 
pPhosphotungstic acid  ............scssccccscsccssesees 43-50 

Unclassified nitrogen not precipitated by phospho- 
tungstic acid, and taken by difference ............ 7:28 
100-00 


It should be pointed out that these various groups of nitro- 
genous constituents are subject to somewhat wide variations, both 
in respect of the actual percentages present, and also in regard 
to their relative proportions, and the above results are given 
merely as affording a rough indication. 

In the course of their recent work on the constituents of hops, 
Power, Tutin, and Rogerson (T., 1913, 103, 1273) confirmed the 
presence of choline and asparagine, but did not carry their 
investigation of the organic nitrogenous constituents further. 

Owing to the fact that hops contain from 15 to over 20 per cent. 
of resinous matters which are in the nature of weak acids, it will 
readily be understood that the separation in a pure state of such 
very small quantities of more or less basic substances is a matter 
of very great difficulty. In order to minimise the risk of missing 
any important constituent, it was considered desirable to carry 
out the extraction in various ways, and, in the course of the in- 
vestigation, four different methods have been adopted. In some 
cases the fresh cured hops were extracted in the laboratory, but 
in others the extract prepared on the commercial scale was very 
kindly placed at my disposal by the Hop Extract Co., Ltd., to 
whom my thanks are due. Sometimes the extract used repre- 
sented hops of one particular kind, whilst at other times, the 
extract from hops of mixed growths (English, German, American) 
was intentionally used. 
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First Method. 


The concentrated aqueous extract, prepared by extracting fresh 
hops first with alcohol and then with water, was treated with a 
solution of basic lead acetate until no further precipitation 
occurred. The precipitate was collected, and having been found 
to contain some nitrogen, was set aside to be examined later. 

The lead having been removed by hydrogen sulphide in the 
usual manner, a slight excess of a solution of phosphotungstic acid 
was added to the filtrate. The bulky white precipitate which 
formed (consisting chiefly of potassium phosphotungstate) was 
separated by filtration, and the filtrate set aside for subsequent 
examination: The moist precipitate was then ground very 
cautiously in small quantities at a time with solid barium hydr- 
oxide and a little water, the mass being afterwards washed with 
much water. The united filtrates obtained, on filtering off the 
insoluble barium salts, were treated with carbon dioxide to remove 
the barium, and were concentrated at a low temperature, any small 
quantities of barium carbonate which separated during the process 
being removed by filtration. During the treatment with the 
barium hydroxide an odour strongly suggestive of amines was 
noticed, and the blue colour which immediately developed showed 
that there was present some substances having strong reducing 
properties. This point will be dealt with later. It should be 
mentioned that E. Wechsler’s process (Zeitsch. physiol. Chem., 
1911, ‘78, 138) of treating the phosphotungstate precipitate with 
barium hydroxide and acetone had not been published when the 
earlier experiments were made, but towards the end of the in- 
vestigation it was used on one or two occasions with good results. 
The alkaline solution was next tested for the presence of purines, 
and as it gave characteristic precipitates with ammoniacal silver 
solutions and with cuprous salts, it was treated in the following 
manner : 

After having been neutralised with nitric acid, silver nitrate 
was added in fair excess. A pale buff-coloured precipitate was 
formed, from which no definite compounds could be isolated. The 
filtrate was then made alkaline with baryta solution, when a 
brownish-coloured precipitate was obtained. This was collected, 
washed, and decomposed with dilute sulphuric acid and then with 
hydrogen sulphide in order to remove the barium and the silver. 
The filtrate was then concentrated to a smali bulk and was treated 
with a saturated aqueous solution of mercuric chloride. A white 
precipitate formed, and, after filtration, the mercury was removed 
both from this and from the filtrate in the usual way, The frac: 
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tion obtained from the mercuric chloride precipitate gave all the 
qualitative reactions for histidine, including the strongly marked 
diazo-reaction (tyrosine was not present) and the picrolonate. The 
quantity obtained was too small to permit of the preparation and 
analysis of a salt, but having regard to the precise stage of the 
process at which it was obtained, and to the fact that it responded 
to all the tests for histidine, there can be no doubt that this 
fraction did consist of that substance. From the filtrate from 
the mercuric chloride precipitate a very small quantity of another 
base was obtained, which yielded an insoluble picrolonate, but did 
not give the diazo-reaction. This could not be identified with 
certainty, but probably consisted of arginine. 

The main filtrate from the two purine precipitates was treated 
with dilute hydrochloric acid in order to remove silver, and after 
filtration, was treated again with a solution of phosphotungstic 
acid. The bulky precipitate was well washed with a dilute solu- 
tion of the precipitant and was then decomposed with barium 
hydroxide as before. The filtrate, after the removal of barium, 
was evaporated at a low temperature almost to dryness. After 
another filtration to remove a little insoluble matter, it was 
evaporated under diminished pressure and the residue dried in 
an exhausted desiccator over sulphuric acid and quick-lime. It 
was then fractionally extracted, first with warm and then with 
cold absolute alcohol in the hope of effecting some separation of 
the hydrochlorides should more than one base be present. These 
two portions were then fractionally precipitated in alcoholic 
solution with an alcoholic solution of mercuric chloride. In this 
manner a quantity of a white, crystalline precipitate was ultimately 
obtained, together with a liquid which gave little or no precipitate 
with the mercuric chloride. The crystalline mercuric chloride 
precipitate was suspended in warm water, acidified with a few 
drops of hydrochloric acid, and decomposed with hydrogen sulphide. 
The filtrate from the mercuric sulphide was evaporated on the 
water-bath and finally dried in an exhausted desiccator over sulph- 
uric acid. In this way, a residue consisting of needleshaped 
crystals was obtained. These were very deliquescent and were 
freely soluble both in water and in alcohol. A little of the 
solution gave a scarlet precipitate with bismuth potassium iodide, 
a white, crystalline precipitate with mercuric chloride, a yellow 
precipitate with alcoholic platinic chloride, and brown crystals, 
having a greenish lustre, with iodine in potassium iodide. Picric 
acid solution gave no precipitate. A portion of the hydrochloride 
was converted into the platinichloride which was then crystallised 
several times from water. Large, well-formed crystals, having the 
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form of choline platinichloride, and melting and decomposing at 
231—232°, were obtained. These, after drying at 105°, were 
analysed. (Found, Pt=31:99. (C;H,,ONCl),PtCl, requires 
Pt=31°65 per cent.) 

The purified mercurichloride was also analysed. (Found, Cl= 
25°6. C;H,,ONCI,6HgCl, requires Cl=26°0 per cent.) 

The base giving the hydrochloride soluble in alcohol was there- 
fore choline. 

That portion of the mixed hydrochlorides which was least 
soluble in alcohol was again extracted with absolute alcohol and 
the residue dissolved in 90 per cent. alcohol. On adding an 
alcoholic solution of mercuric chloride, a white, crystalline pre- 
cipitate was obtained, which was decomposed with hydrogen 
sulphide in the usual way. The filtrate, after removing the 
mercuric sulphide, left, on evaporation, a colourless, crystalline 
residue, which was not appreciably deliquescent. This substance 
gave an orange-yellow precipitate with bismuth potassium iodide, 
a yellow, crystalline precipitate with picric acid, a white, crystalline 
precipitate with mercuric chloride, and a yellow, crystalline pre- 
cipitate with platinic chloride. After one or two crystallisations 
from water, well-formed crystals were obtained, having the form 
of betaine hydrochloride. The platinichloride, prepared from these 
crystals, was analysed. (Found, Pt=30°11. (C;H,,O,NCl),PtCl, 
requires Pt= 30°28 per cent.) 

The picrate was prepared by the addition of a concentrated. 
solution of sodium picrate, and when crystallised from alcohol, 
melted at 180°. 

The base present in this fraction was therefore betaine. 

The final filtrate from the mercuric chloride precipitate ob- 
tained in the examination of the betaine fraction was treated with 
hydrogen sulphide to remove mercury, and evaporated to dryness. 
A small residue was left which gave an orange-coloured, crystalline 
precipitate with bismuth potassium iodide, quite different in 
appearance from the corresponding compounds of choline and 
betaine. It gave no precipitate with mercuric chloride or picric 
acid. The quantity, unfortunately, was too small to permit of its 
identification. 

Phosphotungstic Acid Filtrate. 


The concentrated filtrate was treated with a slight excess of 
basic lead acetate, and the resulting precipitate separated by 
filtration. The filtrate was then made slightly acid with acetic 
acid, and mercuric acetate solution was added until no more 
precipitate formed, a considerable excess of the mercury salt being 
necessary. This precipitate was washed with mercuric acetate 
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solution, suspended in water, and decomposed by hydrogen 
sulphide. After filtering from mercuric sulphide, the filtrate was 
boiled to expel the excess of hydrogen sulphide, neutralised with 
ammonia, and treated with a concentrated solution of copper 
acetate. A  greenish-blue precipitate was obtained, and after 
having been allowed to remain for several days, this was collected, 
suspended in water, and decomposed with hydrogen sulphide. On 
evaporating the filtrate a rather highly-coloured crystalline residue 
was left. This was dissolved in water, treated with animal char- 
coal, and again precipitated by the addition of copper acetate 
solution. After removing the copper and concentrating the 
filtrate, well-formed crystals separated. These were purified by 
recrystallisation from water and were ultimately obtained in a 
pure condition. When heated in a melting point tube to 270°, 
they commenced to decompose, but did not melt. (Found [in 
substance dried in the air], C=322; H=67; H,O=12°06. 
C,H,O,N,,H,O requires C=32°0; H=6'7; H,O=12°00 per cent.) 

Two nitrogen estimations by the Kjeldahl method on the sub- 
stance dried at 110° gave N=20°99, 20°97. Cale., N=21°22 per 
cent. 

This substance had a specific rotatory power of [a], —5°08° 
and is therefore /-asparagine. 

The basic lead acetate precipitate obtained as the first step in 
this series of separations having been found to contain nitrogen, 
was next examined. It was suspended in water, decomposed with 
hydrogen sulphide, and the filtrate from the resulting lead sulphide 
evaporated to a small volume. In one or two later experiments 
an excess of phosphotungstic acid solution was added to the 
aqueous hop extract as the first step, and the excess of the pre- 
cipitant removed from the filtrate by the addition of barium 
hydroxide. These barium precipitates contained some nitrogen 
and were, therefore, treated in the following manner: 

The precipitate was suspended in a large volume of dilute 
solution of barium hydroxide and carbon dioxide was passed 
through the liquid until no more action took place. The filtrate 
from the insoluble barium salts was concentrated and precipitated 
with a slight excess of basic lead acetate. The precipitate was 
collected, washed, suspended in water, and decomposed with 
hydrogen sulphide. The filtrate from the lead sulphide was then 
evaporated to a syrup and added to the corresponding liquid 
obtained from the original basic lead acetate precipitate (see 
above). To this mixed liquid a saturated solution of copper 
acetate was added and, after some days, blue, needle-shaped crys- 
tals separated, which were washed and decomposed with hydrogen 
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sulphide. An acid, crystalline substance was obtained which was 
again converted into the copper salt. This was purified by re- 
crystallisation from water containing a little acetic acid, and 
dried to a constant weight in air. 

0°353 * lost, at 100°, 0°0672. 

0°1255 t gave 0°0992 CO, and 0°046 H,O. 

0°1255+ ,, 0°044 CuO. 

These results, calculated for the air-dried substance, corresponded 
with C=17°42; H=5°42; Cu=22°70. 

According to Ritthausen the formula of crystallised copper 
aspartate is C,H;O,NCu,4}H,O, which requires C=17°42; 
H=5°10; Cu=22°90 per cent. 

The loss of 19°04 per cent. on drying at 100° corresponds fairly 
closely with the loss of 3H,O, the theoretical number being 19°6 
per cent. 

The crystalline substance obtained from the lead and barium 
precipitates consisted, therefore, of aspartic acid. 

It may be mentioned here that neither glutamine nor glutamic 
acid could be identified in any of the fractions in which they 
would have been likely to occur. 


Second Method. 


The hops were finely minced in a sausage machine and were 
mixed with twice their weight of slaked lime. Water was added, 
and the mixture was heated for about ten minutes nearly to 
boiling, after which it was evaporated to dryness at as low a 
temperature as possible on the water-bath. The dry mass was 
then finely powdered and extracted with much alcohol. The com- 
bined alcoholic extracts were made slightly acid, the alcohol was 
distilled off, and the residue dissolved in water and filtered. This 
solution gave precipitates with Mayer’s reagent, picric acid, 
bismuth potassium iodide, and the other base reagents. Owing, 
however, to the presence of considerable quantities of non-nitro- 
genous organic matters, and of inorganic salts, it was decided to 
resort to the phosphotungstic acid separation. The bulky pre- 
cipitate, which was rather more flocculent than usual, was 
decomposed with barium hydroxide in the usual manner. The 
concentrated filtrate, after removing the excess of barium, showed 
a distinct tendency to crystallise. A solution of silver chloride 
in ammonia was then added in excess, and the resulting yellow, 
gelatinous purine precipitate was collected, washed, suspended in 
water, and decomposed with hydrogen sulphide. The filtrate from 
the silver sulphide was boiled to drive off excess of hydrogen 


* Dried in the air. * Dried at 100°. 
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sulphide, made slightly acid with hydrochloric acid, and evaporated 
to dryness. A crystalline residue was obtained, which gave a 
crystalline precipitate with picric acid, a precipitate with a cuprous 
salt, and a red precipitate with bismuth potassium iodide. The 
formation of a picrate, even in very dilute solutions, suggested 
the presence of adenine or guanine, and further tests for these 
bases were therefore applied. All the reactions obtained having 
indicated the presence of adenine and the absence of guanine, the 
whole of the base solution was treated with a slight excess of a 
neutral solution of sodium picrate. The flocculent, lemon-yellow 
precipitate which formed was washed with cold water, purified by 
crystallisation from boiling water, and dried at 110°. (Found, 
N=30°65. C,;H;N;,C,H,0,N; requires N=30°77 per cent.) 

The filtrate from the adenine picrate was acidified with hydro- 
chloric acid and shaken with ether until the whole of the picric 
acid had been removed. The aqueous solution was the concen- 
trated to a small volume and allowed to remain in an exhausted 
desiccator over sulphuric acid. After some days, crystals formed, 
which had the characteristic forms of hypoxanthine hydrochloride. 
The quantity was too small for quantitative analysis, but a solution 
of hypoxanthine hydrochloride was prepared, and the two solutions 
were tested side by side. Phosphotungstic acid, aqueous picric 
acid, Millon’s reagent, bismuth potassium iodide, iodine in potass- 
ium iodide, mercuric chloride, and Mayer’s reagent, all gave pre- 
cisely the same reactions in the two solutions. Hypoxanthine is 
only very sparingly soluble in amyl alcohol, but dissolves readily 
on the addition of ammonia. On adding an alcoholic solution of 
oxalic acid to the ammoniacal amyl-alcoholic solution of hypo- 
xanthine a crystalline precipitate is obtained. This precipitate 
was obtained in the case of the substance under examination, and 
was in turn converted into the crystalline picrate. Finally, a 
small quantity of the crystalline hydrochloride was converted into 
the nitrate, which was found to have the characteristic form of 
hypoxanthine nitrate when examined by means of the microscope. 
Xanthine was proved to be absent in this fraction. 

The filtrate from the above purine precipitate was treated 
with hydrochloric acid in slight excess to remove the silver. The 
filtrate from the silver chloride was evaporated to dryness, and 
was then submitted to extraction with cold absolute alcohol, 
followed by fractional precipitation with alcoholic mercuric 
chloride, as described above in connexion with the first method 
of working. Choline and betaine were again obtained and 
identified. 
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Third Method. 


The hops were finally minced and treated, at room temperature, 
with considerable volumes of amyl alcohol made strongly am- 
moniacal. After some days the alcohol was separated by filtra- 
tion through linen and finally by pressing the residue in a screw 
press. The resulting cake was thoroughly washed with amyl 
alcohol and finally with ethyl alcohol. The amyl-alcoholic extracts 
were then shaken very thoroughly with water acidified with 
hydrochloric acid, and the resulting aqueous extracts were 
evaporated to a small bulk by gentle heating on a water-bath. 
The ethyl-alcoholic washings were evaporated and the residue was 
treated with dilute hydrochloric acid, the solution being added 
to the main portion. Preliminary tests having shown that this 
solution contained basic substances, it was treated first with basic 
lead acetate and then with phosphotungstic acid. The purines 
were separated in the usual manner, and the silver precipitate 
was found to contain little else than adenine. 

In the filtrate from the purines, choline and betaine were 
identified. A third base was also separated as hydrochloride, but 
the quantity was too small to permit of its identification. It 
appeared to resemble betaine rather closely, but gave no pre- 
cipitate with alcoholic mercuric chloride, nor did it form an 
insoluble picrate or picrolonate. 


Fourth Method. 


This was adopted in order to avoid, as far as possible, the em- 
ployment of reagents containing mineral acids (for example, 
phosphotungstic acid solution) in the earlier stages of the process 
and in the hope that by employing less drastic methods of treat- 
ment any easily decomposable alkaloid or other unstable base if 
present, might be obtained. At the same time there would be 
less probability of any of the basic substances formed having been 
produced by the hydrolysis of protein matters during the actual 
extraction operations. A considerable quantity of aqueous hop 
extract was warmed on the water-bath with alcohol mixed with 
half its volume of glacial acetic acid. After cooling, the liquid 
was filtered from the insoluble portion, which was twice more 
extracted with cold alcohol. The insoluble residue consisted of 
a brown, granular mass, and was reserved for subsequent treat- 
ment. The alcoholic extract was distilled finally by the intro- 
duction of steam. During the process a considerable quantity of 
resin separated. The liquid remaining in the flask after the 
removal of the alcohol was evaporated on the water-bath with 
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repeated additions of water until the greater part of the acetic 
acid had been evaporated. More water was then added, the cake 
of resin which separated on cooling being removed. The aqueous 
liquid was then made slightly acid (to methyl-orange) with hydro- 
chloric acid, and submitted to successive and thorough extractions 
with the following immiscible solvents in the order named: 

(1) Benzene; (2) Chloroform; (3) Ether. 


The liquid was then: made slightly alkaline with ammonia, and 
the extractions continued with: (4) Benzene; (5) Chloroform; 
(6) Amyl alcohol. The following are briefly the results obtained : 

1. Acid Benzene.—A very small quantity of yellowish-red oil 
having a fragrant odour was obtained. Insoluble in water, soluble 
in sodium hydroxide, but not in sodium carbonate, and giving 
no coloration with ferric chloride. 

2. Acid Chloroform.—A very slight residue of acid character 
and practically free from nitrogen. 

3. Acid Ether.—A very small residue consisting chiefly of resin 
acids. No indication of the presence of morphine or any similar 
alkaloid could be obtained. 

4. Alkaline Benzene.—On distilling off the benzene, a residue, 
consisting of about 1 drop of a dark-coloured oil, with an odour 
strongly resembling that of coniine, was left. It gave a slight 
curdy precipitate with Mayer’s reagent. 

5. Alkaline Chloroform.—A very small quantity of a viscous, 
red oil was obtained. On adding dilute hydrochloric acid a 
portion dissolved, and the resulting solution gave precipitates 
with the ordinary alkaloid reagents. There was, however, no 
evidence of the presence of morphine. 

6. Alkaline Amyl Alcohol—A fair amount of residue was 
obtained, consisting of impure hypoxanthine. This was converted 
into the oxalate, and was identified by comparing its reactions 
with those of the base itself. 

In the aqueous solution used for the above extraction experi- 
ments, choline and a little betaine were identified. The portion 
of the original hop extract which was left insoluble after the 
alcohol-acetic acid treatment, was thoroughly extracted with cold 
water, and the aqueous solution was treated with an excess of 
basic lead acetate. After filtration and the removal of the excess 
of lead with dilute sulphuric acid, tartaric acid was added to 
remove the greater part of the potassium, which is always present 
in considerable quantities in aqueous extracts of hops. To the 
filtrate from the potassium hydrogen tartrate, alcohol was added, 
which caused the formation of a gummy precipitate. After 
further fractional precipitation with alcohol, two portions were 
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ultimately obtained, one soluble and the other practically insoluble 
in dilute alcohol. In the former, betaine was recognised, whilst 
the latter consisted of complex amino-acids or polypeptides and 
carbohydrate matters. This carbohydrate matter has been in- 
vestigated and will be referred to in a subsequent communication. 

In the portion soluble in alcohol there occurred, in addition to 
betaine, a coloured nitrogenous substance, which is acid in char- 
acter, and although practically insoluble in water, dissolved readily 
in weak ammonia, giving deep brownish-red solutions. The colour 
is not removed by animal charcoal, nor does it undergo any 
diminution when the solutions are treated with reducing agents 
such as zinc or aluminium powder and sodium hydroxide. Un- 
fortunately, this substance could not be obtained in sufficient 
quantity to permit of its identification. The insoluble residue 
from the alcohol-acetic acid extraction yielded to hot glacial acetic 
acid a crystalline, waxy substance melting at 70°. This is being 
investigated, and as it does not contain nitrogen, will be dealt 
with in another communication. 

It is worthy of note that hops contain very appreciable amounts 
of potassium nitrate, and from several of the extracts well-formed 
crystals of that substance separated, and were analysed. 

In addition to the four methods of working which have been 
described above, an endeavour was made to obtain some separation 
of the nitrogenous constituents by submitting the aqueous ex- 
tract of hops to fractional dialysis, but the results were not at 
all encouraging, and the method was abandoned after a very 
thorough trial. 

In identifying the bases referred to above, much more import- 
ance was attached to the methods of separation by which they 
were isolated and to a careful comparison of their qualitative 
reactions with those of the pure substances, than to quantitative 
analytical results, since, owing to the large number of basic sub- 
stances, many of which differ but slightly in percentage com- 
position, such results are apt to be, in many cases, of little more 
than confirmatory value. 

It will be seen that in the above account of this work no 
reference has been made to the isolation of morphine or of any 
alkaloid closely allied to it. That hops do contain such an alkaloid 
has been very widely assumed, but on investigating the matter 
somewhat closely, the experimental evidence on which this assump- 
tion is based does not appear to be at all satisfactory, so far, at 
any rate, as the cultivated plant is concerned. 

In the course of the investigation described in this paper, large 
quantities of cultivated hops of many kinds have been employed, 
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and a variety of processes has been made use of, some of which, 
at least, would almost certainly have resulted in the extraction, 
in a state of fair purity, of morphine or any similar alkaloid had 
such been present. In only one process, however, was there 
obtained a residue giving reactions similar to those of morphine, 
and in that case the quantity was merely a trace. It appears, 
therefore, that it may be safely assumed that the cultivated hops 
of commerce are free from morphine, or contain, at most, traces 
which cannot have any physiological or other significance. 

So far as a volatile alkaloid is concerned, Griessmayer (Dingler’s 
polyt. J., 1874, 212, 67) stated that he had obtained an oil of 
a markedly alkaline nature, with an odour strongly resembling 
that of coniine, which further resembled that substance in its 
general reactions. No further identification appears to have been 
made, and it is interesting to note that in the course of my 


-systematic search for alkaloids by the employment of immiscible 


solvents, a trace of an oily substance having an odour strongly 
suggestive of coniine was obtained. The quantity was, however, 
too small to render any attempt at identification possible. 


My best thanks are due to my assistants, Mr. R. L. Collett, 
M.A., and Dr. E. Wechsler, for valuable assistance in connexion 
with this work. 
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CLXXVIII.—The Chlorination and Bromination of 
Substituted Toluenes. 


By Jutius BEerEnD ConHEN and CoLiIn JAMES SMITHELLS. 


A comparison of the products obtained by chlorinating the isomeric 
chlorotoluenes, and by brominating the isomeric bromotoluenes, 
shows that the two halogens possess a different orienting effect. 
Cohen and Dakin (T., 1901, 79, 1111) found that o-chlorotoluene, 
on chlorination in presence of the aluminium—mercury couple, 
gives mainly 2:4- together with some 2:3- and 2:6-dichloro- 
toluene; whilst Cohen and Dutt (T., 1914, 105, 501) found that 
on bromination o-bromotoluene gives mainly 2:5-, with a smaller 
quantity of 2:4-dibromotoluene. In the case of the meta- and 
para-substituted toluenes the same products were obtained in both 
cases. It was thought that some further light might be thrown 
6 H 2 
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on the orienting effect. of these halogens by studying the products 
of chlorination of the isomeric bromotoluenes, and of bromination 
of the chlorotoluenes. 

The only previous investigation on this subject which we have 
been able to find is one by Willgerodt and Salzmann (/. pr. Chem., 
1889, [ii], 39, 465). They chlorinated ortho- and para-bromo- 
toluene, using iron as catalyst, and also brominated ortho- and para- 
chlorotoluene. Their conclusions are based on the character of 
the chlorobromobenzoic acids obtained by oxidising these products 
derived from a comparison of their melting points with those of 
the pure substances. Since the melting points of the latter which 
they give are in every case wrong, the results are obviously worth- 
less. The melting points obtained by them are tabulated alongside 
the correct ones obtained directly by Cohen and Raper (T., 1904, 


85, 1262). 

Chlorobromobenzoic M.P. M. p. 

acid. (Cohen and (Willgerodt 
Cl: Br. Raper). and Salzmann). 

2:4 166—167 156° 
3:4 218 170 
2:6 143 132 
4:2 154—155 217 


Following the method adopted by Cohen and Dutt, the isomeric 
chlorobromotoluenes, and such of their derivatives as afforded the 
best means of identification, were first prepared. 


The Isomeric Chlorobromotoluenes. 


These were all prepared by the methods adopted by Cohen and 
Raper (loc. cit.) with the exception of 2:3-chlorobromotoluene, 
which was obtained by Wynne’s method (T., 1892, 61, 1040). The 
substance melts at 18°. The 3:2-compound melts at 4—5°, and 
the 3:5-compound at 26—-27°. The other isomerides are liquid at 
0°. The derivatives were prepared in the same ways as those of 
the dichlorotoluenes (T., 1901, 79, 1111), and tables of their 
melting points, together with those of the dichloro- and dibromo- 
compounds, are given below. 


Melting Points of Mononitro-derivatives. 


Substance. Cl: Cl. Cl: Br. Br: Cl. Br: Br. 
2:3 50-5—51-5° 44—45° 58—59-5° 58—59° 
2:4 54—55 65—66 6465 79—80 
2:5 50—51 68—69 66—67 87—88 
2:6 53 50—52 49—5O0 
3:4 63—64 72 67°5 86—87 
3:5 61—62 69—71 66—67 
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In regard to the melting points of the chlorobromonitro-deriv- 


atives, the isomeride with the bromine atom nearest the methyl 
group has the lower melting point, with the exception of the 
It is a curious fact that the 2:3-dichloro., 


2 :3-compound. 
2:3-chlorobromo-, 3:2-chlorobromo-, 


and the 2:3-dibromo-mono- 


nitro-compounds crystallise in felted masses of fine needles, which 
on pressure form wax-like substances, whereas the others crystallis2 
in hard needles which can be powdered. 


Substance. 


GS bo bo bo bo 
m SO 


Geo 
cS 


Cl: Cl. 
71—72° 
104 
100—101 
121—122 
91-5—92:5 


99—100 


Melting Points of the Dinitro-derivatives. 


Cl: Br. Br: Cl. 
89—93° 81° 
110—111 124-5 
109—110 117-0 

143—144 
101—102 127-0 
92 


Br: Br. 
107—109 
129—130 
142—143 
161—162 
129—130 
a ta 

104-5—105, 


The isomeride with the bromine atom nearest the methyl group 
has the higher melting point, with the exception of the 2:3-com- 
pound. The order is exactly the reverse of that of the mononitro- 


derivatives. 


Substance. 
2:3 
2:4 
2:5 
2:6 
3:4 
3:5 


Substance. 


os OS bo bo bo bo 
Ct C2 Ot He Co 


Cl: Cl. 
liquid 
71 
45—46 
liquid 
81 
44—45 


168—169 


Melting Points of the Sulphonyl Chlorides. 


Cl: Br. Br: Cl. 
81—84° 70—71° 
79 84 
45—46 49—50 
70 
101 87—88 

liquid 


Melting Points of Sulphonamides. 


Cl: Br. Br: Cl. 
200—201° 224° 
186 186 
192 201 
205 
191—192 204-5 
178 


Br: Br. 
93° 
86—88 
73—74 
101 
104—105 
liquid 


The isomeride with the bromine atom nearest the methyl group 


has the higher melting point. 
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Melting Points of the Substituted Benzoic Acids. 


Substance. Cl: Cl. Cl: Br. Br: Cl. Br: Br. 
2:3 163° 165° 143° 149—150° 
2:4 159—160 166—167 154—155 168—169 
2:5 153 155—156 1531 153 
2:6 139—140 143 146—147 
3:4 200—201 218 214 229—230 
3:5 182—183 189—190 213—214 


1 The melting point given by Cohen and Raper, namely, 149—150°, has been 
re-examined by us and was found too low. 


The isomeride with the bromine atom nearest the carboxyl group 
has the lower melting point. 

The crystalline form of the barium salts of the sulphonic acids 
was found to be of service in some cases in the process of identi- 
fication. The 2:5-, 5:2-,3:4-, 4:3-, and 2:3-chlorobromo-compounds 
form rhombohedral or hexagonal plates. The 4:2- and 2:6-com- 
pounds form rectangular plates. The 3:2-compound is very 
soluble, and forms hexagonal needles. The 3:5-compound forms 
highly refractive cubes, and the 2:4-compound appears as pyramids 
on a rectangular base. 


Bromination of the Chlorotoluenes. 
Bromination of o-Chlorotoluene. 


‘Twenty-seven grams of o-chlorotoluene were mixed with 27 c.c. 
of carbon tetrachloride in a flask, and a small piece of aluminium— 
mercury couple dropped in. The calculated quantity of bromine 
(34 grams) dissolved in 27 c.c. of carbon tetrachloride was then 
slowly run in from a tap-funnel, the flask being cooled in ice. The 
brown product was shaken with sodium hydroxide solution, washed 
with water, and the colourless liquid dehydrated over sodium 
sulphate. The carbon tetrachloride was distilled off, and the 
remaining liquid fractionated under diminished pressure, 25 grams 
being collected at 110—120°/25 mm. 


Sulphonation of the Mixed Chlorobromotoluenes. 


Seven grams of the above product were mixed with 21 grams of 
fuming sulphuric acid, and warmed on the water-bath for fifteen 
minutes. The product was poured into water, boiled with barium 
carbonate, and filtered. The solution was then concentrated and 
allowed to crystallise, when there were obtained 9°6 grams of hexa- 
gonal plates, corresponding with the 2:5-compound. The mother 
liquor on further concentration deposited 1°5 grams of pyramidal 
crystals corresponding with the 2:4-barium salt. 
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Oxidation of the Mixed Chlorobromotoluenes. 


The oxidation was carried out in sealed tubes at 160° with 
dilute nitric acid (LHNO, : 3}H,O). Twenty grams were oxidised, 
and the solid product was dissolved in sodium carbonate solution. 
After extracting with ether to remove impurities, the acid was pre- 
cipitated with hydrochloric acid, filtered, and treated with barium 
carbonate. The solution was filtered, concentrated, and 10 grams 
of the barium salts were fractionally crystallised. The first fraction 
(8 grams) gave on precipitation an acid melting at about 150°, 
which after three crystallisations from alcohol melted at 155—156° 
(2:5=155—156°). The acid was precipitated from the mother 
liquor, giving 1 gram, melting, after two crystallisations from hot 
water, at. 166—166°5° (2:4=166—167°). 

Six grams of the mixed acids were esterified by Fischer and 
Speier’s method, in the hope of separating the 2:6-compound. The 
esterification was, however, complete, and the absence of the 
2:6-compound confirmed. 

Since the melting points of the 2:5- and 2:4-dinitro-derivatives 
are almost identical, no attempt was made to effect separation by 
means of these compounds. 

Bromination of o-chlorotoluene gives, therefore, the 2:5-com- 
pound as the main product, and a smaller quantity of the 2:4-com- 
pound. 

Bromination of m-Chlorotoluene. 


The bromination was carried out as described above, 33 grams of 
m-chlorotoluene yielding 34 grams, boiling at 100—103°/15 mm., 
which was practically the whole product. 


Sulphonation of the Mixed Chlorobromotoluenes 


Eight grams of the above product were sulphonated, and yielded 
11 grams of barium salts. These were fractionally crystallised, but 
all fractions consisted of mixtures of hexagonal and rhombohedral 
plates, corresponding with mixtures of the 2:5- and 3:4-compounds. 
The sulphonyl chlorides and amides were prepared from these, but 
no separation was effected by fractional crystallisation. 


Oxidation of the Mixed Chlorobromotoluenes. 


Nine grams of the mixed chlorobromotoluenes were oxidised, and 
the barium salts fractionated. The first fraction gave 2 grams of 
acid, which melted at 212—215° after recrystallising from methyl 
alcohol. After another crystallisation the melting point was 216° 
(3:4=218°). The remaining fractions, consisting of 62 grams, 
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melted at 152—153°. after crystallising from dilute methy) alcohol 
(2:5=153°). A small quantity of solid, melting at 135°, remained 
undissolved in the sodium carbonate, and was probably an 
aldehyde. 

Nitration of the Mixed Chlorobromotoluenes. 


Nitration was effected by heating the chlorobromotoluene on the 
water-bath with a mixture of equal parts of concentrated sulphuric 
and fuming nitric acids, until a test sample solidified on pouring 
into cold water. Five grams of the mixed toluenes gave 7°3 grams 
of crude product, which on recrystallisation from methyl alcohol 
gave 4 grams melting at 115—117° (2:5=117°). The mother 
liquor deposited an uncrystallisable oil, and a small quantity of 
crystals, which melted at 95—98° on recrystallising, and were 
probably the 3:4-compound (m. p. 101—102°). 

The 2:5-compound appears to be the main product of bromina- 
tion of m-chlorotoluene, accompanied by a smaller quantity of the 
3: 4-compound. 


Bromination of p-Chlorotoluene. 


Sixty grams of pchlorotoluene were brominated, and gave 
42 grams of product boiling at 100—110°/14 mm., and a small 
quantity of a solid trihalogen compound, which remained in the 
distilling flask. On analysis of the liquid distillate: 

0°1773 gave 0°2844 AgBr+AgCl. Cl+Br=55°61. 

C,H,ClBr requires Cl+ Br=56°15 per cent. 

Only two isomerides can be formed, namely, the 2:4- and 
3:4-compounds; but as the melting points of the dinitro-compounds 
are very close together, and the barium sulphonates both form 
plates, only the chlorobromobenzoic acids could be used for separa- 
tion and identification. 


Oxidation of the Mixed Chlorobromotoluenes. 


Eleven grams of the above product were oxidised, and the barium 
salts fractionated. The first fraction (5°5 grams) gave an acid 
melting at 214° after recrystallisation from alcohol (3:4=214°). 
The remainder (9°5 grams) gave an acid melting at 154—155° after 
recrystallisation, corresponding with the 2:4-compound. 

Both possible isomerides are therefore formed when p-chloro- 


toluene is brominated, the 2:4-compound being the main product. 


ea 
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Chlorination of the Bromotoluenes, 
Chlorination of o-Bromotoluene. 


Chlorination was effected directly, using aluminium—mercury 
couple as carrier. 51°7 Grams of o-chlorotoluene were placed in a 
flask, and a small piece of the couple added. The whole was cooled 
in ice, and dry chlorine from a cylinder slowly bubbled through the 
liquid, until the weight of the apparatus increased by 10°4 grams, 
being the calculated increase for one atom of chlorine. Hydro- 
chloric acid escaped from an exit tube fitted with a calcium chloride 
drying tube. The product was then washed and dried as before, 
and 35 grams boiling at 100—108°/10 mm. were collected : 

0°1957 gave 0°3189 AgBr+AgCl. Cl+Br=56°5. 

C,H,C1Br requires Cl + Br=56°15 per cent. 

As the melting points of the sulphonamides lie close together, the 

other methods of identification were employed. 


Oxidation of the Mixed Chlorobromotoluenes. 


Ten grams of the product were oxidised, the sodium salts formed, 
and the chlorobromobenzoic acids precipitated, giving 5 grams of 
dry acid. This was esterified by Fischer and Speier’s method, and 
unchanged acid extracted with sodium carbonate. After removing 
the ester by extraction with ether, 1 gram of acid was precipitated 
which was not esterifiable, and therefore corresponds with the 
2:6-compound. The ester was hydrolysed, and the barium salts of 
the acids formed and crystallised. The first fraction, containing 
most of the salt, gave an acid melting at 152—154° after crystal- 
lising from hot water. To distinguish between the 2:4- (m. p. 
154—-155°) and the 2:5-compound (m. p. 153°) the acid was mixed 
with an equal quantity of the pure 2:5- and also with the 2:4-acid, 
and the melting point redetermined. In the former case it was 
found to have fallen to 138-—140°, and in the latter it remained 
unchanged. The acid must therefore correspond with the 2 :4-com- 
pound, and is the main product. The acid precipitated from 
the mother liquor was very impure, and insufficient to purify by 
recrystallisation. 


Nitration of the Mixed Chlorobromotoluenes. 


Seven grams of the mixed chlorobromotoluenes gave 10 grams 
of crude product on nitration, which were fractionally crystallised 
from alcohol. The first fraction, 2°5 grams, melted at 144° after 
six recrystallisations (2:6=142—144°). A second fraction, 5 grams, 
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melted at 107—108° after repeated crystallisation, and might be 
either the 2:4- (m. p. 124°5°) or the 2:5-compound (m. p. 117°). 
Further evaporation produced an oily product, probably containing 
some mononitro-derivative : 

0°1423 (m. p. 144°) gave 0°1616 AgBr+AgCl. Cl+Br=39°55. 

01171 (m. p. 107—108°) gave 0°1283 AgBr+AgCl. Cl+Br= 

38°78. 
C,H,0,N,CIBr requires Cl+ Br=39°19 per cent. 

A portion of the compound melting at 144° showed no fall in 
melting point when mixed with some of the pure 2: 6-compound. 

Chlorination of o-bromotoluene therefore gives the 2: 4-compound 
as the main product, with a smaller quantity of the 2 :6-compound. 


Chlorination of m-Bromotoluene. 


Twenty-two grams of m-bromotoluene were dissolved in 22 c.c. of 
carbon tetrachloride, a piece of aluminium—mercury couple added, 
and chlorine passed in until an increase in weight of 4 grams was 
obtained. On distillation 18 grams were obtained, boiling at 
120--124°/35 mm., which contained approximately the correct 
amount of the halogen: 

0°1970 gave 0°3059 AgBr+AgCl. Cl+Br=54°10. 

C,H,ClBr requires Cl+ Br=56°15 per cent. 


Sulphonation of the Mixed Chlorobromotoluenes. 


Two grams of the above product were sulphonated, and the 
barium salts fractionated. The first crystals to separate were 
mainly rhombohedral plates, 1°8 grams, corresponding with the 
3:4-compound. The final fraction of 1 gram was hexagonal plates, 
almost free from rhombohedral plates, and was probably the 


2 :4-compound. 


Oxidation of the Mixed Chlorobromotoluenes. 


Eight grams of the product were oxidised, and the barium salts 
fractionally crystallised. The first fraction gave 1 gram of an 
acid melting at 213—214° after recrystallisation (3:4=214°). The 
remainder gave 4°5 grams of acid, which, after recrystallisation 
from alcohol, melted at 154—156°, corresponding with the 2 :5-com- 


pound (m. p. 155—156°). 


Nitration of the Mixed Chlorobromotoluenes. 


Five grams of the product were nitrated, and gave 3 grams of 
a dinitrocompound melting at 121—124° (3:4=127°). No other 


. 
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isgmeride was separated, as the product obtained on concentrating 
the mother liquor was an oil. 

Chlorination of m-bromotoluene therefore gives the 2:5-com- 
pound as the main product, with a considerable quantity of the 
3:4-compound. The other isome:ides were not detected. 


Chlorination of p-Bromotoluene. 


Dry chlorine was passed into 68 grams of p-bromotoluene con- 
taining the couple, until an increase in weight of 14 grams was 
obtained. On distillation, 52 grams of product boiling at 
100—107°/15 mm. were obtained : 

0°2028 gave 0°3270 AgBr+AgCl. Cl+Br=55'90. 

C,H,ClBr requires Cl+ Br=56°15 per cent. 


Sulphonation of the Mixed Chlorobromotoluenes. 


Five grams of the above product were sulphonated, and the 
barium salts fractionated. All the fractions consisted of rhom- 
bohedral plates. The first fraction of 5°7 grams was converted 
into the sulphony! chloride, melting at 68—72°. This was con- 
verted into the sulphonamide, which crystallised in colourless 
needles, melting at 191—192° (3:4=191—192°). The last fractions, 
weighing 2°5 grams, were converted into a liquid sulphony! chloride, 
which gave a sulphonamide crystallising in needles and melting 
sharply at 186° (2:4=186°). An intermediate fraction of 1°2 
grams was not treated, being probably a mixture of the two 
isomerides. 


Oxidation of the Mixed Chlorobromotoluenes. 


Ten grams of the product were oxidised to the corresponding 
chlorobromobenzoic acids, and the barium salts fractionated. The 
first fraction gave 1 gram of acid melting at 207—210° after recrys- 
tallisation (3:4=218°). The remaining fractions gave 7 grams of 
acid, which melted at 165—167° after crystallising from alcohol, 
corresponding with the 2:4-compound (m. p. 166—167°). 


Nitration of the Mixed Chlorobromotoluenes. 


Three grams of the product were nitrated, giving a viscid mass, 
melting completely at 96°. After nine recrystallisations from 
alcohol the melting point remained constant at 110—111° (2:4= 
110—111°). 

The main product obtained by chlorinating p-bromotoluene is 
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therefore the 2:4-compound, which is accompanied by a small 
quantity of the 3:4-compound. 


These results are embodied in the table given below, which 
includes for comparison the results of brominating bromotoluene 
and chlorinating chlorotoluene. The main product is placed first, 


and a trace indicated by brackets. 


Chlorination Products. 


Bromo- Chloro- 
toluene. Products. toluene. Products 
CHAR ocicaee 2:4, 2:6 Ortho ‘ 2:4, 2:3, 2:6; (2:5) / 
TEL: 6 ccancccens 2:5, 3:4 , eae 2:5, 3:4 : 
WUD . cisisdins 2:4, 3:4 i 2:4,3:4 : 
Bromination Products. 
Chloro- Bromo- 
toluene. Products toluene. Products. 
Ortho «ccicecs 2:5, 2:4 Ortho 2:5,2:4 
rer 2:5, 3:4 Meta ....... 2:5, 3:4, (3: 5) 
 Seaccanaes 2:4,3:4 ee 2:4, 3: 4 


In examining the above tables it will be seen that the only 
difference in the relative quantity and character of the products 
occurs in the case of the ortho-compounds. 

The result of chlorinating the ortho-compounds is remarkably 
different from that produced by bromination, for whereas the 
former gives the 2:4-derivative as the principal product, the latter 
forms mainly the 2:5-compound, or, in other words, the entrant 
bromine atom is repelled more than the entrant chlorine atom by 
the ortho-halogen. In addition to this, however, there are notice- 
able differences in the proportions of the products of chlorination 
of o-bromo- and o-chloro-toluene ; for in the first case the 2 :6-com- 
pound occupies the second place, and no 2:3-derivative is formed ; 
but in chlorination the 2:3-compound occupies the second place, 
and although the 2:6-compound is present, it is there in smaller 
quantity. 

These somewhat remarkable irregularities only serve to emphasise 
our ignorance of the determining factors of orientation. 
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CLXXIX—Studies in Phototropy and Thermotropy. 
Part IV. o-Nitrobenzylidenearylamines and thetr 
Photoisomerie Change. 


By Aurrep SENIER and RosaLinp CLARKE. 


THIS communication is a record of further studies in search of 
phototropic or thermotropic compounds, and is a continuation of 
the work contained in previous papers (T., 1909, 95, 1943; 1911, 
99, 2081; 1912, 101, 1950). The o-nitrobenzylidenearylamines 
examined were all easily prepared by bringing together the alde- 
hydes and amines in alcoholic solution. All of them are thermo- 
tropic, and several exhibit phototropic properties. It is noteworthy, 
however, that in most cases the prolonged effect of sunlight was to 
change the bases into non-reversible dimorphic varieties which could 
be restored generally to the original form by heating to a tempera- 
ture just below their melting points or by actual melting. 

The analogy between the structure of these bases and the o-nitro- 
compounds studied by Ciamician and Silber (Ber., 1901, 34, 2040) 
and by Sachs and Kempf (Ber., 1902, 35, 2704) led us to try if 
they also would exhibit by prolonged exposure of benzene solutions 
to sunlight a photoisomeric change with the formation of a nitroso- 
isomeride. In nearly every instance the photoisomeride was 
obtained. 

Ciamician and Silber found that o-nitrobenzaldehyde changes in 
benzene solution, giving a precipitate of the less soluble o-nitroso- 
benzoic acid, thus: 

NO,°C,H,;CHO —> NO-C,H,°CO,H. 

Sachs and Kempf in like manner found o-nitrobenzylideneaniline 
to undergo isomeric change with the formation of o-nitrosobenz- 
anilide, thus: 

NO,°C,H,;CH:NPh —> NO-C,H,°CO-NHPh. 

Taking as an example the base o-nitrobenzylidene-pchloroaniline, 

we find the isomeric change to be quite analogous, thus: 
NO,"C,H,°CH:N-C,H,Cl —> NO-C,H,-CO-NH-C,H,Cl. 

Except in this instance, the quantities obtained were too small to 
admit of analysis. 

The expressions “ lower temperature ” and “ higher temperature ” 
are used throughout in this paper, as in previous communications, 
to mean respectively the temperature of solid carbon dioxide and 
a temperature just below the melting point of the substance. 
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The compounds are all yellow unless otherwise stated, and 
dissolve in the usual organic solvents from which suitable crystal- 
lising media were selected. 


o-Nitrohenzylideneaniline, NO.*C,H,CH:NPh. 


This compound, already described by Knoevenagel (Ber., 1898, 
31, 2609), exhibits thermotropy at the “lower,” but not at the 
“higher” temperature. It is not phototropic, but under the influ- 
ence of actinic light it changes into a permanent deeper-coloured 
dimorphic variety, with a melting point 2° lower than that of the 
original compound. Sachs and Kempf (/oc. cit.) found that, when 
exposed to sunlight in benzene solution, it changes into an isomeric 
nitroso-compound, namely, o-nitrosobenzanilide, 


NO-C,H,*CO-NHPh. 


o-Nitrobenzylidenetoluidines, NO.*C,H,*CH:N-C,H,Me. 


o-Nitrobenzylidene-o-toluidine—Jaeger (Chem. Zentr., 1906, ii, 
325) prepared this compound, and found it to melt at 96°. The 
specimen examined melted at 81—81°5° (corr.). 

Like its homologous aniline derivative, this compound is thermo- 
tropic at the “lower,” but not at the “higher” temperature. It 
is not phototropic, but, when subjected to sunlight, changes to a 
reddish-brown dimorphic variety, the melting point of which is 4° 
lower than that of the original substance. A benzene solution when 
exposed to sunlight for some time deepened in colour from yellow 
to brown, and a precipitate gradually deposited which, after 
washing with alcohol became colourless. This precipitate is un- 
doubtedly o-nitrosobenzo - 0- toluidide, NO-C,H,-CO-NH-C,H,Me, 
analogous to the corresponding aniline compound of Sachs and 
Kempf. When heated to 140° it decomposes. 

As the melting point of the substance prepared differed consider- 
ably- from that given by Jaeger, an analysis was made: 

0°2283 gave 23°1 c.c. N, (moist) at 13° and 741 mm. N=11°69. 

C,,H,,0,N, requires N =11°67 per cent. 
o-Nitrobenzylidene-m-tolwidine melts at 52—53° (corr.): 

0°2459 gave 24°8 c.c. N, (moist) at 11° and 740 mm. N=11°66. 

©,,H,,.0,N, requires N=11°67 per cent. 

It is thermotropic at the “lower” temperature, becoming almost 
colourless, but is not phototropic. The deep red dimorphic variety 
melts 3° below the melting point of the original base. After 
exposure to sunlight for several weeks a 20 per cent. benzene 
solution of the base changes to a deep red colour, but only traces of 
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a precipitate appeared. The solution probably contained the 
isomeric o-nitrosobenzo-m-toluidide. 

o-Nitrobenzylidene-p-toluidine melts at. 73—74° (corr.): 

0°2028 gave 20°7 c.c. Nz (moist) at 12°5° and 744 mm. N=11°78. 

C,,H,,0,N, requires N = 11°67 per cent. 

It is thermotropic at the “ lower,’ but not at the “higher” 
temperature, and is not phototropic. The dimorphic variety is deep 
brown, and the melting point is 1—2° lower than that of the 
original substance. The corresponding o-nitrosobenzo-p-toluidide is 
deposited on exposing a benzene solution of the original substance 
to sunlight for several weeks. It decomposes at 160°. 


o-Nitrobenzylidenechloroanilines, NO,*C,H,-CH:N-C,H,Cl. 
o-Nitrobenzylidene-o-chloroaniline melts at 116°5° (corr.): 
0°1488 gave 14°3 c.c. N, (moist) at 11° and 732°9 mm. N=10°99. 
C,3H,O,N,Cl requires N=10°75 per cent. 

This base exhibits thermotropy both at the “lower” and at the 
“higher ” temperatures, and is slightly phototropic. The dimorphic 
variety is brick-red, and melts 2° below the melting point of the 
original base. When melted, this dimorphic variety returns to the 
colour of the original compound, and becomes sensitive to light 
again. No evidence of the formation of a nitroso-isomeride was 
obtained. 

o-Nitrobenzylidene-m-chloroaniline separates from solutions in 
alcohol or light petroleum in cream-coloured needles melting at 
77—78° (corr.): 

0°1300 gave 12°3 c.c. Nz (moist) at 11° and 745°7 mm. N=11°01. 

C,3H,O,N.Cl requires N=10°75 per cent. 

This compound exhibits thermotropy at the “lower,” but not 
at the “higher” temperature, and is slightly phototropic. The 
deep brick-red dimorphic variety melts 1° below the melting point 
of the original base, and on re-solidifying has the same colour as. 
that substance, and behaves in the same manner in the presence of 
sunlight. The isomeric o-nitrosobenzo-m-chloroanilide is a powder, 
which melts and decomposes above 145°. 

o-Nitrobenzylidene-p-chloroaniline melts at 92°5° (corr.): 

0°1172 gave 10°7 c.c. N, (moist) at 11° and 772 mm. N=11°01. 

C,H O,.N,Cl requires N=10°75 per cent. 

It is thermotropic both at the “higher” and “lower” tempera- 
tures, but is not phototropic. The pale brown dimorphic variety 
has a melting point 2° lower than that of the original compound. 
— appears to change the dimorphic variety into the original 

ase. 
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The isomeric o-nitrosobenzo-p-chloroanilide was obtained by 
exposing to sunlight an 8 per cent. solution of the original base in 
benzene. It separated as a yellow powder, from which the colour 
was removed by washing with warm benzene. It decomposes above 
170°: 

0°1025 gave 9°5 c.c. Ny (moist) at 9° and 7664 mm. N=11'19. 

C,3;H,O,N,Cl requires N=10°75 per cent. 


o-Nitrobenzylidenebromoanilines, NO.*C,H,-CH:N°C,H,Br. 


o-Nitrobenzylidene-o-bromoaniline forms lemon-yellow needles 
melting at 118°5—119° (corr.): 

0°1194 gave 9°3 c.c. N, (moist) at 12° and 772 mm. N=9°35. 

C,;H,O,.N.Br requires N=9°18 per cent. 

It is not phototropic, but exhibits thermotropy at the “lower” 
temperature. The dimorphic variety is brick-red, and melts 4° 
below the melting point of the original substance. Below its 
melting point it changes back to the original base. All attempts 
to obtain a nitroso-derivative were unsuccessful. 

o-Nitrobenzylidene-m-bromoaniline melts at 77—78° (corr.): 

0°1663 gave 13:1 ¢.c. N, (moist) at 8° and 762°3 mm. N=9°49. 
C,;H,O,N.Br requires N = 9°18 per cent. 

This compound is thermotropic only at the “‘ lower’ temperature, 
and exhibits phototropy at the ordinary temperature when exposed 
for a minute or two to the action of sunlight. The light brown 
dimor phic variety, which appears to return to the original substance 
on fusion, has a melting point 1° lower than, and not so sharp as, 
that of the original substance. The isomeric o-mtrosobenzo-m- 
bromoamlide decomposes at about 140°. 

o-Nitrobenzylidene-p-bromoaniline consists of large, yellow prisms, 
which melt at 99° (corr.) : 

0°1470 gave 11°8 c.c. Ny (moist) at 9° and 760 mm. N=9°60. 

C,3;H,O,N.Br requires N=9'18 per cent. 

This base is thermotropic at the “lower” temperature, but gives 
only slight indications of thermotropy at the “ higher ” temperature. 
It is not phototropic. The deeper-coloured dimorphic variety melts 
at the same temperature as the original substance. The isomeric 
o-nitrosobenzo-p-bromoanilide has no well-defined melting point, 
but decomposes above 170°. 


o-Nitrobenzylideneaminophenols, NO,°C,H,-CH:NC,H,:OH. 


o-Nitrobenzylidene-o-aminophenol consists of long, yellow needles, 
which melt at 107°5° (corr.): 
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01376 gave 14 c.c. Ny (moist) at 14° and 755°4 mm. N=11°84. 
C,3H,)O,N. requires N=11°57 per cent. 

This compound is thermotropic at the “lower” temperature, but 
not at the “higher” temperature, and is not phototropic. The 
deep brown dimorphic variety melts 2° below the melting point of 
the original compound, and the colour returns nearly to that of that 
substance. The isomeric o-witrosobenzo-p-hydroxyanilide does not 
melt below 200°. 

o-Nitrobenzylidene-m-aminophenol crystallises in long, yellow 
prisms, melting at 106°5—107°5° (corr.) : 

0°1059 gave 10°4 c.c. Ny (moist) at 16° and 765 mm. N=11°44. 

C,3H,O,;N, requires N=11°57 per cent. 

This base is thermotropic at the “lower,” but not at the “ higher ” 
temperature, and is not phototropic. The dimorphic variety melts 
2° lower than the melting point of the original base. A small 
quantity of o-nitrosobenzo-m-hydroxyanilide was obtained, which 
does not melt below 200°. 

o-Nitrobenzylidene-p-aminophenol was previously obtained by 
Pope and Fleming (T., 1908, 98, 1918), who found its melting 
point to be 159°. The specimen examined melted at 163° (corr.). 
It is thermotropic at both the “lower” and “higher” tempera- 
tures, only slightly noticeable at the “lower” temperature. It is 
not phototropic, the colour remaining unchanged even on prolonged 
exposure to sunlight or when exposed, surrounded by solid carbon 

dioxide, to the rays of the mercury lamp. The isomeric o-nitroso- 
benzo-p-hydroxyanilide was obtained ; this decomposed when heated 
to a temperature above the melting point of the original substance, 


o-Nitrobenzylideneanisidines, NO,*C;H,;-CH:N°C,H,-OMe. 


o-Nitrobenzylidene-o-amisidine melts at 64°5—65° (corr.) : 
0°1578 gave 14°6 c.c. Ny (moist) at 14° and 766°5 mm. N=10°93. 
C,,4H,,0,N, requires N= 10°93 per cent. 

It is thermotropic at the “lower” temperature, but is not photo- 
tropic. It gave a brown dimorphic variety, which melts at the 
same temperature as the original compound, and on melting 
returned to the original base. After seven weeks’ exposure to sun- 
light in benzene solution, the solution became deeper in colour, 
but no precipitate of a nitroso-isomeride was obtained. 

o-Nitrobenzylidene-m-anisidine melts at. 74—75° (corr.) : 

0°1571 gave 15°1 c.c. Nz (moist) at 16° and 759 mm. N=11°13. 

©,,H,,0,N, requires N=10°93 per cent. 

It is thermotropic at the “lower” temperature, but is not photo- 
tropic. The red dimorphic variety has a melting point 2° lower 
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than that of the original substance. When exposed to light in 

benzene solution, the solution became deeper in colour, but only 

traces of a nitroso-compound were precipitated. 
o-Nitrobenzylidene-p-anisidine melts at 80—81° (corr.) : 


0°2761 gave 26°7 c.c. N, (moist) at 15° and 756 mm. N=11°21. 
C,,H,,0,N, requires N=10°93 per cent. 

It shows faint indications of thermotropy at the “higher” tem- 
perature, and is distinctly thermotropic at the “lower” tempera- 
ture, but is not phototropic. The deep brown dimorphic variety 
begins to melt 1—2° below the melting point of the original com- 
pound. By fusion the dimorphic variety changed back to the 
original base. Only traces of a nitroso-isomeride precipitated, which 
melted just below 200°. 


o-Nitrobenzylideneaminobenzoic Acids, 


NO,C,H,CH:N-C,H,:CO,H. 


o-Nitrobenzylidene-o-aminobenzoic acid has already been described 
by Pawlewski (Ber., 1904, 37, 595), who found it to melt at 
170—171°, or after a second recrystallisation from alcohol at 
167—168°. The specimen prepared was recrystallised from xylene, 
and was found to melt at 176° (corr.). 

o-Nitrobenzylidene-o-aminobenzoic acid is thermotropic at the 
“lower” temperature, but is not phototropic. After three weeks’ 
exposure to sunlight at the ordinary temperature, a dimorphic 
variety was obtained, the melting point of which was 1—2° lower 
than that of the original compound. It did not change apparently 
on fusion. Only minute traces of a nitroso-isomeride were obtained. 

o-Nitrobenzylidene-m-aminobenzoic acid crystallises from acetone 
in pale yellow needles. It dissolves in alcohol or chloroform, only 
very sparingly in benzene or ether, and is insoluble in light 
petroleum. It melts and decomposes at 225° (corr.) : 


0°1266 gave 11°4 c.c. N, (moist) at 14° and 764°2 mm. N=10°60. 
Cy4H,,0,N, requires N=10°37 per cent. 
o-Nitrobenzylidene-m-aminobenzoic acid is slightly thermotropic 
at the “lower” temperature. It is not phototropic. The brick-red 
dimorphic variety on heating to 110° apparently changes back to 
the original base. No nitroso-isomeride was obtained. 
o-Nitrobenzylidene-p-aminobenzoic acid crystallises from alcohol 
or acetone in small, yellow prisms. It dissolves sparingly in chloro- 
form, still less in ether, and is insoluble in benzene or light 
petroleum. It has no distinct melting point, but decomposes above 
230°: 
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0°2302 gave 20°2 c.c. Nz (moist) at 13° and 758 mm. N=10°29. 
C\,H,,O,N, requires N=10°37 per cent. 

o-Nitrobenzylidene-p-aminobenzoic acid is thermotropic at both 
“lower” and “higher” temperatures. It is not phototropic. The 
yellowish-green dimorphic variety melts and decomposes below 230°, 
the temperature at which the original compound decomposes. The 
substance does not dissolve in benzene, and no nitroso-compound 
was obtained. 


o-Nitrobenzylidenexylidines, NO,*C;H,-CH:N-C,H,Meg. 
o-Nitrobenzylidene-o-4-aylidine melts at 85° (corr.): 

0°2300 gave 22°1 c.c. N, (moist) at 17° and 763 mm. N=11°15. 

C,;H,,0,N, requires N=11°03 per cent. 

This base is thermotropic at the “lower” temperature, but shows 
no indication of phototropy. The yellowish-brown dimorphic 
variety returns to the colour of the original base on fusion. The 
isomeric o-nitrosobenzo-o-4-zylidide obtained melts and decomposes 
at about 170°. 

o-Nitrobenzylidene-m-4-xylidine melts at 83° (corr.): 

0°2492 gave 24°4 c.c. N, (moist) at 14° and 738 mm. N=11°13. 

C,;H,,0O,N. requires N=11°03 per cent. 

It is thermotropic at the “lower” temperature. When exposed 
to sunlight until a slight change of colour takes place the substance 
is phototropic. The dimorphic variety melts 1—2° lower than the 
melting point of the original substance, and not so sharply as the 
latter. The isomeric o-nitrosobenzo-m-4-xylidide decomposes at 
about 150°. 

o-Nitrobenzylidene-p-xylidine melts at 75° (corr.): 

0°2416 gave 23°3 c.c. N, (moist) at 14° and 740 mm. N=10°99. 

C,;H,,0,N. requires N=11°03 per cent. 
o-Nitrobenzylidene-p-xylidine shows faint indications of thermo- 
tropy at both the “lower” and “higher” temperatures, but is not 
phototropic. The deeper-coloured dimorphic variety melts 6° below 
the melting point of the original base. Traces of o-nitrosobenzo-p- 
rylidide, which melts and decomposes at about 125°, were obtained. 


o-Nitrobenzylidenenaphthylamines, NO.*C,H,CH:N°C,)H;. 
o-Nitrobenzylidene-a-naphthylamine melts at 118—118°5° (corr.): 
0°2478 gave 21°3 c.c. Ny (moist) at 14° and 766°8 mm. N=10°16. 
C,,H,,0,N, requires N=10°14 per cent. . 
This base is thermotropic at the “lower” and “higher” tem- 
peratures, but is not phototropic. The dimorphic variety is deeper 
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in colour than the original compound, but the melting point is the 
same. No nitroso-compound was obtained. 

o-Nitrobenzylidene-B-naphthylamine, already prepared by Haase 
(Ber., 1903, 36, 594), is stated by him to melt at 91°. When 
crystallised from light petroleum the specimen we examined melted 
at 95—96° (corr.). It is thermotropic at the “lower ” temperature, 
and is slightly thermotropic at the “ higher ” temperature, but it is 
not phototropic. The deep brown dimorphic variety begins to melt 
5° below the melting point of the original substance. No nitroso- 
compound was obtained, although the colour of the benzene solution 
by exposure to sunlight changed from yellow to very deep brown. 

o-Nitrobenzylidene-p-cumidine, NO,°C,;H,-CH:N-C,H,Mes, melts 
at 112°5—113°5° (corr.) : 

0°2081 gave 18°6 c.c. N, (moist) at 12° and 755 mm. N=10°49. 

C,gH,;,0,N, requires N= 10°45 per cent. 

It is thermotropic at both the “lower” and “higher” tempera- 
tures, but is not phototropic. The yellowish-brown dimorphic 
variety melts 1—2° below the melting point of the original sub- 
stance. No nitroso-isomeride was obtained. 

Di-o-nitrobenzylidenebenzidine, (NO,*C,H,-CH),:(N-C,H,)..—This 
compound is obtained when o-nitrobenzaldehyde (2 mols.) reacts 
with benzidine (1 mol.) in alcoholic solution. It crystallises from 
chloroform in yellow prisms. It dissolves in benzene, sparingly in 
alcohol, more sparingly in acetone, and is nearly insoluble in light 
petroleum. It melts at 231°5—232°5° (corr.): 


0°1542 gave 16°8 c.c. N, (moist) at 16° and 756 mm. N=12°57. 
C.¢H,,0,N, requires N=12°44 per cent. 

This base is thermotropic at the “higher” temperature, and only 
faintly thermotropic at the “lower” temperature. It is not photo- 
tropic. The deep yellow dimorphic variety melts at a lower tem- 
perature than does the original base. No nitroso-isomeride separ- 
ated on exposing the benzene solution to sunlight. 

Mono-o-nitrobenzylidene o-phenylenediamine, 


NO,C,H,- CHEN S6,H, or NO C,H,CH:N*CHyNH, 


is obtained when o-phenylenediamine (1 mol.) is treated with 
o-nitrobenzaldehyde (1 or 2 molecular proportions) in alcoholic 
solution. The di-derivative was not obtained. It crystallises from 
alcohol or light petroleum in red needles, melting at 93—94° 
(corr.) : 
0°1455 gave 21°9 c.c. N, (moist) at 16° and 757 mm. N=17°39. 
C,;H,,O.N, requires N=17°42 per cent. 


Mono-o-nitrobenzylidene-o-phenylenediamine is thermotropic both 
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at the “lower” and “higher” temperature. It is not affected by 
sunlight at the ordinary temperature, nor when exposed to rays 
from the mercury lamp at the temperature of solid carbon dioxide. 
Mono-o-nitrosobenzo-o-phenylenediamide was obtained as a light- 
coloured powder with a melting point above 210°. 


Di-o-nitrob enzylidenephenylenediamines, 
(NO,°C,H,°CH),:No:C,Hy. 


Di-o- nitrobenzylidene-m - phenylenediamine, prepared from 
m-phenylenediamine (1 mol.) and o-nitrobenzaldehyde (2 mols.), 
crystallises from acetone in small, lemon-yellow needles, which dis- 
solve in alcohol, benzene, or chloroform, sparingly in ether, and very 
sparingly in light petroleum. It melts at 141°5° (corr.): 

0°1052 gave 13°5 c.c. Ny (moist) at 15° and 764°3 mm. N=15°04. 

Cy9H,40,N, requires N = 14°97 per cent. 

Di-o-nitrobenzylidene-m-phenylenediamine is slightly thermotropic 
both at the “lower” and “higher” temperature. It is not photo- 
tropic. The dimorphic variety obtained by exposure to sunlight 
is brownish-yellow, and its melting point is 1—2° below that of the 
original compound. The yellow benzene solution became dark red 
after some weeks’ exposure to light, and traces of a precipitate of 
di-o-nitrosobenzo-m-phenylenediamide melting above 200° were 
obtained. 

Di-o-nitrobenzylidene-p-phenylenediamine crystallises from alcohol 
and other solvents in deep yellow needles, melting at 214°5° (corr.). 
It dissolves in chloroform, but is almost insoluble in ether: 

0°1150 gave 14°5 c.c. N, (moist) at 16° and 775°3 mm. N=14°93. 

Co9H4O,N, requires N=14°97 per cent. 

Di-o-nitrobenzylidene-p-phenylenediamine is thermotropi¢ at both 
the “lower” and “higher” temperatures, but is not phototropic. 
The greenish-brown dimorphic variety on heating to 150° returns 
to the colour of the original compound. At a higher temperature 
the dimorphic variety deepens again in colour, and melts and 
decomposes about 5° below the melting point of the original sub- 
stance. After exposing a benzene solution for eight weeks to 
sunlight, the colour changed very little, and only traces of a precipi- 
tate of a nitroso-compound were deposited. 
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CLXXX.—Calcium Nitrate. Part JIT. The Three- 


component System: Calcium Nitrate—Lime—Water. 


By Henry Bassett, jun., and Huew Storr Taytor. 


Havine studied the equilibrium between calcium nitrate and water 
and calcium nitrate and water plus nitric acid (Bassett and Taylor, 
T., 1912, 101, 576), it was necessary, in order to complete the 
investigation of the system CaO—N,O,—H,O, to study the equilibria 
in alkaline solutions. 

We were anxious to carry out this investigation partly because 
of the considerable interest attaching to the so-called “ basic salts,” 
which in the case of basic calcium nitrate is increased owing to the 
use which has been made of it technically, and partly to test the 
results obtained in a similar investigation by Cameron and Robin- 
son (J. physical Chem., 1907, 11, 273). According to these ob- 
servers, Ca(OH),; a solid solution, CaO,7N,0;H,O; the basic 
nitrate, 2CaO,N,O,,33H,O ; and Ca(NO,),,4H,O could be in stable 
equilibrium with alkaline solutions of calcium nitrate at 25°. 

It seemed very unlikely to us that a powerful base like lime 
should give rise to any such indefinite solid solution with such a 
strong acid as nitric acid, and our experiments have fully borne 
out this view. The portion of Cameron and Robinson’s 25° iso- 
thermal, in which the solid phase in equilibrium is regarded as a 
solid solution, is in reality a part of the curve corresponding with 
Ca(OH), as equilibrium solid. With regard to the crystalline basic 
nitrate the compound stable at 25° has the formula Ca,.N,O,,3H,O, 
and not Ca,N,O,,34H,O, as has been hitherto assumed. At 100° 
the hydrates Ca,N,0,,2H,O and Ca,N,O,,4H,O may exist in equili- 
brium with the solutions. The experiments at this temperature, 
moreover, afford additional proof of the non-existence of the solid 
solution. As will be shown presently, the presence of a small 
amount of magnesia in the calcium nitrate employed by Cameron 
and Robinson may possibly have caused complications which led 
them to erroneous conclusions. 

We have found no indications of any other basic salt intermedi- 
ate between Ca(OH), and Ca,N,O,. 


ExPERIMENTAL, 


Since even weakly alkaline solutions exert a marked solvent action 
on glass, and since a considerable time was required for equilibrium 
conditions to be attained at 25°, it seemed very undesirable to 
employ glass bottles for the experiments. We therefore used 
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narrow-mouthed bottles of cerasin wax, of approximately 100 c.c. 
capacity. These were found eminently satisfactory. They were 
closed with stoppers of cerasin wax, which were made liquid-tight 
by running melted wax round the junction of bottle and stopper. 

These bottles were rotated in a thermostat kept at 25° for periods 
of upwards of six months, which was considerably longer than the 
time actually required for equilibrium to be reached. . 

When ready for analysis the contents of the bottles were allowed 
to settle, and some of the clear solution withdrawn, weighed, and 
analysed. The solid phase was filtered off in the thermostat 
(Bassett, Zettsch. anorg. Chem., 1908, 59, 12), and the moist solid 
weighed and analysed. 

The method of analysis adopted was to titrate the free lime with 
NV /10-nitric acid in the presence of methyl-orange, and then to 
determine the total lime in the titrated solution by weighing as 
calcium oxide after precipitation as oxalate. The percentage of 
N.O, present was then calculated from the two results.* In titrat- 
ing the free lime, care had to be taken in cases where there was a 
large amount of calcium nitrate and a small amount of free lime 
present, to dilute the solution considerably in order to obtain a 
sharp end-point. It seems probable that this is due to a neutral- 
salt effect on the methyl-orange employed as indicator, as discussed 
by Thiele (Ahrens’ “ Sammlung,” 1911, 16, 307). Difficulties due 
to hydrolysis of the normal salt were not observed. 

Merck’s calcium nitrate was used in the experiments described 
in this paper, whilst tlie additional lime required was obtained by 
the ignition of pure calcium carbonate precipitated from solutions 
by means of ammonium carbonate. 

Although analyses seemed to show that the materials employed 
were satisfactorily pure, we were surprised to find from analyses 
of the moist equilibrium solids that these frequently contained a 
small amount of magnesia. This was traced to the calcium nitrate. 
By a slight modification of Herzfeld and Férster’s method (Zeitsch. 
Verein Rubenzucker-Ind., 1896, 284) it was found that the sample 
of Merck’s calcium nitrate used for the experiments at 100° 
contained 0°017 per cent. of magnesia, the amount of calcium 
nitrate being 77 per cent. The material employed for the experi- 
ments at 25° must have contained still less, as the solutions were 
made up from tetrahydrate which had been at least once recrystal- 
lised. 

Now although this amount of magnesia is so small that it cannot 
be detected in the ordinary way, and would not cause any trouble 


* This method was also used by Cameron and Robinson, but in their experiments 
the indicator used was phenolphthalein, 
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in neutral or acid solutions, yet in the present series of experiments, 
in which the solutions are alkaline, all the magnesia accumulates 
in the solid phase, being displaced from combination by the 
stronger base, lime. As, moreover, the amount of solid is compara- 
tively small, there is a possibility of a relatively considerable percent- 
age of magnesia being thus introduced into the equilibrium solid. 

From the method of analysis adopted in the present work it is 
obvious that the magnesia present would be titrated by the acid 
and reckoned as lime, whereas it would be ignored in the estimation 
of the total lime. Consequently, the amount of N,O, in the moist 
solid found by calculation would be too low, and the resulting 
diagrammatic representation of the values obtained would lead 
to erroneous conclusions. Thus, in the case of a crystalline basic 
salt the effect would be to cause a higher hydration value to be 
ascribed to the salt in question, whilst a series of solid solutions 
might be indicated, where in reality the solid phase was the 
hydroxide. 

There can be little doubt that one of the chief difficulties to be 
anticipated in the investigation of basic salts is contamination of 
the solid phase either through the solvent action of the solution, 
which will often be alkaline, on solubility vessels of unsuitable 
material, or through the displacement of traces of less basic oxides 
from the solutions, as in the case just discussed. The great length 
of time required for the attainment of equilibrium renders the 
former source of contamination all the more serious. It seems to 
us that the importance of these two disturbing factors has hitherto 
not been duly appreciated in phase-law investigations. 

For the experiments at 100° a long-necked platinum flask of 
100 c.c. capacity was employed. By means of a suitable shaking 
arrangement the contents of the flask were maintained in a state 
of agitation. The flask was closed by a well-fitting cork, the neck 
of the flask projecting several cm. from the suitably regulated 
oil-bath employed as thermostat. This thermostat was of 9 litres 
capacity, and, after trial of several oils, “ Mobile oil B” was found 
to work the most satisfactorily as thermostat liquid.* Stirring 
must be vigorous; otherwise, owing to the low specific heat of the 
oil, local irregularities of temperature may occur. The usual 
toluene regulator was employed, the temperature variation being 
+0°2°. The time required for equilibrium varied with the concen- 
tration of solution employed. In the weaker solutions four days 
were ample, whilst at the higher concentrations as long as ten days 
to a fortnight were necessary. 


* The oil requires to be renewed after about two months because of the formation 
of a carbonaceous deposit which interferes with the heating. 
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In the experiments at 100° the traces of magnesia present were 
removed from the calcium nitrate solutions by preliminary treat- 
ment in the platinum flask at 100° with excess of pure lime. After 
twenty-four hours the solutions were filtered in a jacketed filter 
tube, and the purified solution thus obtained was employed in 
the experiment. Weak solutions could in this manner be purified 
directly. The more concentrated solutions were usually obtained 
by concentrating a 55 per cent. calcium nitrate solution which had 
been previously purified. The evaporation in the platinum flask 
took place quite smoothly, and by occasionally weighing the flask 
and contents a solution of the required concentration could be 
obtained. The amount of lime necessary for the formation of a 
suitable amount of equilibrium solid was added to the purified 
calcium nitrate solution previous to the concentration. 

Microscopic examination of the solid phase was always made 
either before or immediately after filtration from the equilibrium 
solution. 

A few experiments had been carried out at 100° with calcium 
nitrate containing a trace of magnesia before the presence of the 
latter was discovered. The results of these experiments have been 
utilised, and are included in table IT, since experiments made with 
magnesia-free nitrate showed that the presence of the magnesia in 
the solid phase had no measurable effect on the composition of the 
equilibrium solutions. The composition of the moist solid has been 
corrected for the trace of magnesia, assuming it all to be present as 
Mg(OH),. The amount of magnesia present is given. In all 
other cases purified nitrate had been used, and magnesia was 
absent. 

25° Isothermal. 


The data obtained from the analyses of the various solutions and 
the moist solids in equilibrium at 25° are presented in table I. 
With the exception of the first three experiments, the analyses of 
the moist solids have been corrected for the small amounts of 
magnesia present. In experiments 24, 25, and 26, the solid in 
equilibrium was not analysed, as the analyses of the solutions 
showed their close proximity to other solutions the equilibrium 
solid of which had been shown to bé the basic nitrate. 

The results obtained from the analyses of the solutions are 
expressed graphically in Fig. 1. The triangular diagram, Fig. 2, 
represents the results of the analyses of the solutions and their 
moist equilibrium solids. 

The curves obtained by the study of the system are three in 
number, and by reference to Fig. 2 may be seen to correspond with 
the solid phases Ca(OH), Ca,N,0;,3H,O, and Ca(NO3).,4H,0. 
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Ca(OH), Curve AB. 


Calcium hydrate can exist in stable equilibrium with solutions 


containing less than 44°5 grams of calcium nitrate per 100 grams 
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of solution. Small quantities of calcium nitrate lower the solu- 
bility of lime. In the most concentrated solution the solubility 
is increased to about three times that in the aqueous solution. 
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Basic Nitrate Curve BC. 


Reference to the triangular diagram shows that the equilibrium 
solids in experiments 17—27 have a composition corresponding with 
Ca,N,0,,3H,O. This basic salt is in stable equilibrium with solu- 
tions of calcium nitrate containing from 44°5 to 57°5 grams per 
100 grams solution. The solid phase was composed of large, 
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acicular crystals, many of them at least a centimetre in length 
owing to the length of time allowed for equilibrium to be attained. 


Tetrahydrate Curve CD. 


The solid phase in equilibrium with solutions along the steep 
branch of the curve CD was manifestly the normal tetrahydrate. 

The figures of Cameron and Robinson have been recalculated 
to the units, grams per 100 grams solution, and are expressed 
graphically along with those of the present investigation in Fig. 1. 
It will be seen that apart from the point 4 and an uncertainty 
attaching to their result at point B, their results coincide fairly 
well with our own. The uncertainty in the latter case arises from 
the fact that calculation of the Cameron and Robinson values 
VOL. CV. 6 K 
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yields the two different values plotted, according as one calculates 
from their “grams per 100 c.c.” table or from the table “ grams 
per 100 grams water.” Possibly an error in the printing may 
account for this.* As regards point /, it is difficult to suggest 
how the break in their curve may have been caused, as the curve 
obtained in the present investigation is quite continuous, and the 
points corresponding with the results from the seventeen solutions 
and moist solids when plotted in a triangular diagram give lines 
all of which converge very closely on the point of composition 
corresponding with Ca(OH),. In Fig. 2 only half of these points 
have been plotted, for the sake of clearness. We consider that our 
results show that a series of solid solutions, such as is postulated 
by Cameron and Robinson, does not exist. 

The remaining point of divergence between the two series of 
results is the composition of the basic salt. From Fig. 2 it will be 
seen that the whole of our points intersect at the point correspond- 
ing with the compound Ca,N,0,,3H,O. We consider that this 
evidence is considerably more certain than that previously brought 
forward, in which the composition is deduced from two single deter- 
minations, which may possibly have been contaminated with mag- 
nesia, and from the analysis of a compound by Werner (Ann. Chim. 
Phys., 1892, [vi], 2'7, 570), which contained some adhering mother 
liquor. Again, in experiment 17 of the present series it will be 
seen that analysis of the moist solid showed it to contain a percent- 
age of N,O, greater than that in Ca,N,0,,3$H,O, a result impos- 
sible if the solid phase were the latter hydrate. 


100° Zsothermal. 


Table II contains the data obtained from the analyses of the 
various solutions and the moist solids in equilibrium at 100°. The 
results are represented graphically in Figs. 1 and 3. 

When the contents of the platinum flask were ready for analysis 
they were allowed to settle. From an hour to a day was necessary 
for this, according to the nature of the solid phase. A suitable 
amount of clear solution was then removed by means of a warmed 
pipette, transferred to a weighed flask, cooled and weighed, and 
then analysed in the manner already described. Some of the solid 
phase was then removed by filtration through a filter-tube, which 
passed through an inverted bottle from which the bottom had been 
removed, and which was filled with water kept at from 98° to 
100°. Sometimes a perforated porcelain disk was sufficient to 


* The figure 50°88 in the fourth column of table I in Cameron and Robinson’s 
paper seems undoubtedly to be a misprint for 55°88. 
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retain the solid; in other cases a disk of filter paper or even a pad 
of asbestos had to be used in addition. 

The mixture to be filtered was introduced into the filter tube by 
momentarily removing the platinum flask from the oil-bath, after 
giving it a vigorous shake, and then pouring some of its contents 
into the tube. By suction on the filter and pressing with a glass 
rod the solid was obtained as dry as possible; the filter-tube was 
removed from the hot-water jacket, corked up, and cooled by 
blowing air on it, and some of the moist solid weighed in a 
weighing-bottle and then analysed. These operations were in 
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reality not quite as simple as they sound, and introduce several 
disturbing factors, which probably account for the indications 
given by the triangular diagram that the nature of the solid phase 
is not so clearly defined as it might be or as it is with the results 
for the 25° isothermal. These disturbing factors act in rather dif- 
ferent directions according to the concentration of the solution 
being filtered and the nature of the solid phase. The Ca(OH), solid 
phase, owing to its fineness, necessitated the use of an asbestos pad, 
and the filtration took some time. The weaker solutions in equili- 
brium with this solid had a considerable vapour pressure, and a 
certain amount of distillation of water to the cool part of the filter- 
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tube and loss of moisture during the handling of the moist solid 
was unavoidable. This we feel sure is the cause of the lines on 
the triangular diagram for the early portions of the Ca(OH), 
curve tending to run too much towards the CaO apex of the 
triangle. 

The more concentrated the solutions in equilibrium with calcium 
hydroxide become, the lower their vapour pressure, and the lines 
on the triangular diagram then run very closely to the point corre- 
sponding with Ca(OH). Were there any region of solid solutions, 
as supposed by Cameron and Robinson, it would be in just about 
this region that the lines would show the greatest deviation. The 
Ca,N,0;,,2H,O solid phase being relatively coarsely crystalline, 
filtered well, generally only requiring the perforated disk. The 
lines on the triangular diagram nearly always ran very closely to 
the correct point for Ca,N,O,,2H,O. 

In the case of the Ca,N,0,,4H,O solid, considerable difficulty 
was scmetimes experienced. This solid tends to be very finely 
crystalline, and owing to this and the highly concentrated and 
viscous nature of the equilibrium solution its filtration generally 
took a considerable time. It tends, moreover, to absorb moisture, 
and this, no doubt, is the reason for the lines on the triangular 
diagram tending to run between the points corresponding with 
Ca,N,O,;,4H,O and Ca,N,O,,H,O. At first it was thought that the 
latter hydrate could also exist at 100°; but all the evidence avail- 
able is more in favour of the view that the only hydrates at 100° 
are the dihydrate and Ca,N,O,,4H,O. A considerable number of 
lines on the triangular diagram run to the point corresponding with 
the latter compound, but hardly any quite to the point for 
Ca,N,O,,H,O. No lines have been obtained running between the 
points for Ca,N,O,,4H,O and the anhydrous Ca,N,0,, so the solid 
phase can hardly be the latter compound. At the same time it is 
none too easy to be absolutely sure about half a molecule of water, 
more or less, in the different circumstances of the experiments. 

In the isothermal for 100° given in Fig. 1, FG is the portion 
corresponding with Ca(OH), as solid phase. It will be seen that 
the maximum amount of free lime in solution is about five times 
as great as it is at 25°. 

The portion GHZ corresponds with the compound Ca,N,0,,2H,0. 
Its point of intersection with the Ca(OH), curve is at about 1°675 
per cent. of free calcium oxide and 57 per cent. of calcium nitrate. 
At 1:252 per cent. of free calcium oxide and 70°6 per cent. of 
calcium nitrate it cuts the curve for Ca,N,O;,4H,O. The experi- 
mental points in the region of the hydrates, Ca,N,O0,,2H,O and 
Ca,N,0,,4H,O, do not fall quite as smoothly on to their respective 
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curves as could be wished.* This is partly due to slight uncertain- 
ties introduced by the “difference’’ method of analysis adopted, 
and also partly owing to the somewhat unfavourable conditions of 
the titrations of the free lime. Owing to the very high content 
of the solutions in calcium nitrate, great dilution was necessary in 
carrying out the titrations in order to eliminate the neutral-salt 
effect on the indicator as far as possible. This is not favourable 
to a high degree of accuracy in the titration. It seems quite 
certain that the hydrate Ca,N,O,,3H,O, stable at 25°, cannot exist 
at 100°, for when added to the solutions in the neighbourhood of 
point G it was always transformed completely into the dihydrate. 

The trihydrate and the dihydrate cannot unfortunately be dis- 
tinguished under the microscope, as the crystals have the same 
general appearance and habit of growth, and evidently only differ 
very slightly. They form clear, square-ended prisms, often of a fair 
size, which show straight extinction. Sometimes the ends of the 
prisms are cut off obliquely. 

The compound Ca,N,0,,4H,O appears entirely different, yielding 
small prisms which extinguish obliquely, but which are often so 
modified as to have a general hexagonal outline. They are fre- 
quently not very well formed, and somewhat intergrown. In such 
cases the solid phase has a granular appearance under the micro- 
scope. The half hydrate is the stable solid phase along the portion 
TK of the 100° isothermal. 

The calcium nitrate is readily distinguished by means of its 
isotropic crystals belonging to the cubical system. KZ is the 
portion of the isothermal corresponding with the anhydrous normal 


nitrate. 
Summary. 


The nature of the solid phases capable of existing in equilibrium 
with aqueous solutions of calcium nitrate containing free lime has 
been studied at 25° and 100°. 

Only one well-defined basic nitrate, Ca,N,O;, has been found, 
which forms several hydrates. 

No series of solid solutions, CaO,7N,O;,yH,O, such as that postu- 
lated by Cameron and Robinson (loc. cit.), exists either at 25° 
or 100°. 


The work described in the present paper dealing with the 25° 


* That this is not due to the small fluctuations of temperature (possibly +0°2°) 
which occurred during the experiments seems to be shown by the fact that in some 
eases where the temperature was purposely kept half a degree above or below 100° 
during the whole of the time that the contents of the flask were 1eaching equilibrium, 
the experimental points did not fall off the curve to any greater extent than in the 
other experiments. 
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isothermal was carried out in the Inorganic Laboratory of the 
University of Liverpool ; that dealing with the 100° isothermal in 
the Chemical Department of University College, Reading. The 
platinum flask used for the experiments at 100° was lent by the 
Chemical Society, being purchased by means of a grant made for 
the purpose by the Research Fund Committee, to whom the authors 
express their thanks. 


CLXXXI.—Ionie Equilibria Across Semi-permeable 
Membranes. 


By FrEpERIcK Grorce Donnan and Artuur JoHn ALLMAND. 


In December, 1910, a note was read by Donnan before the London 
Physiological Society, in which a preliminary account was given 
of a simple thermodynamic theory of the equilibria occurring at 
either side of a membrane separating two solutions of electrolytes, 
one at least of which contains a salt to which the membrane is 
impermeable. In a later paper (Zettsch. Elektrochem., 1911, 17, 
572) this theory was developed and applied to various cases, and 
extended to the potential differences occurring at such a mem- 
brane. It was shown, in particular, that if on one side of the 
membrane there is a salt, CR, which cannot pass through, whilst 
the salt CA, which can pass through the membrane, is in distribu- 
tion equilibrium across the membrane, then the relation 


(C7); _ [An _ 

[O}n = [Ah 
holds good, provided the ions of the salt CA obey the laws of 
ideal solutions. The net result is that the salt CA becomes un- 
equally distributed on the two sides of the membrane. It was 
also shown, on similar assumptions, that in such a case the poten- 
tial difference between the two solutions will be given by the 
equation 

>. — 1, =0°058 log A 
at 18°. In the above formula it has been assumed that the ions 
C* and A’ are univalent. 

It was shown that measurements of the osinotic pressures of 
solutions of substances of the type CR in the presence of dialysable 
substances like CA would be affected by the unequal distribution 
of the latter across the semipermeable membrane. This result was 
confirmed by the experiments of Donnan and Harris (T., 1911, 
99, 1554) on mixtures of Congo-red and sodium chloride or sodium 
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hydroxide. It has also been confirmed by the experimental work 
of Biltz (Zeitsch. physikal. Chem., 1913, 88, 625). Donnan also 
showed that, from the point of view of the membrane-potentials, 
the membrane behaves like a metallic electrode, reversible with 
respect to the cation C or the anion A. 

Measurements of the potential differences between two aqueous 
solutions of potassium ferrocyanide separated by a membrane of 
copper ferrocyanide have been made by Green.* 

The ionic relation given above has been shown to be, at all 
events, qualitatively true for Congo-red and sodium chloride by 
B. Novikov (preliminary unpublished experiments) and by Donnan 
and Harris (loc. cit.). As, however, it was deemed advisable to 
test the relation when using a better defined, non-dialysable anion 
than that of Congo-red, it was proposed to use potassium ferro- 
cyanide and membranes of copper ferrocyanide, the dialysing salt 
being potassium chloride. Preliminary experiments (unpublished) 
carried out by A. Makovetsky showed, again, a qualitative agree- 
ment with the theory, the potassium chloride becoming concen- 
trated on the side of the membrane from which ferrocyanide was 
absent. The present paper consists essentially of an account of 
more elaborate experiments made in order to test the theory more 
rigorously, and also of certain closely related potential measure- 
ments. 

It is desirable here to consider the theory of the distribution 
equilibrium more fully than was done in the previous papers. 
When the salt CA is in distribution equilibrium on either side of 
the membrane, the work required isothermally and reversibly to 
transfer one gram-molecule from one side to the other must be zero. 
In expressing this condition mathematically, two cases must be con- 
sidered, namely, when the (binary) electrolyte is such that its 
constituents obey the laws of ideal solution, and, secondly, when 
such is not the case. We shall consider these two cases separately. 

Considering, first, the case of a simple binary electrolyte, the 
constituents of which, namely, cation, anion, and undissociated elec- | 
trolyte, exhibit “ideal” behaviour, the expression for the work re- 
quired isothermally and reversibly to transfer one gram-molecule from 


P2 
solution (1) to solution (2), namely, [oie where p=osmotic pres- 


Py 
sure and v=volume occupied by one gram-molecule at temperature 


\ ‘ 
T, can be easily shown to be equal to RT log Mew, or 2RT loge, 
Cu), ‘ih 
* These experiments, which were begun in October, 1911, were completed in April, 
1912, and will shortly be published. Their publication has been unfortunately 
delayed. 
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where ¢,=concentration of undissociated electrolyte, c;=concen- 
tration of cation or anion. If the two solutions are in distribution- 
equilibrium on either side of a membrane (permeable to the electro- 
lyte considered), the work as calculated above is zero, and there- 
fore 

(Cu) =(Cu)e, 

(¢i)1 = (¢i)2- 

Suppose, however, that on one side of the membrane there is 
present also an electrolyte with a (diffusible) cation common to the 
foregoing electrolyte, and with a non-diffusible anion. The above 
relations then become: 

Sg) er | 

(eg), - (ex), = (Cue (Calg - - © + @ (3) 
where c, and c, denote the concentrations of the cation and anion 
respectively of the diffusible (permeable) electrolyte, and c, the 
concentration of its undissociated part. In the more general case, 
where the constituents of the binary electrolyte considered do not 
obey the laws of ideal solutions, the expression for the work may 


be written RT log @u)2 or RT log (@x)2- (4a)o, where a denotes the 
(@u), (ax), . (a, bt 
function termed by G. N. Lewis the “ activity.” 
The conditions for distribution-equilibrium then become : 


(eu), = (uly - - + + © « + 
(@q),-(@a), = (Yx)e- (alg - © » © «© (A) 

We can experimentally test in any particular case whether the 
equations (1) and (2) are valid, using the values for the degrees 
of dissociation calculated from conductivity data. 

It is known that in the case of many strong electrolytes the 
activities of the ions are not proportional to the concentrations (as 
determined from conductivity data), and that this divergence from 
proportionality is still greater in the case of the undissociated 
parts. 

There is reason, therefore, to expect that the equations (1) and 
(2) will yield a qualitative idea of the distribution equilibrium, 
but may not yield results agreeing quantitatively with the experi- 
mental data, the divergence in the case of equation (2) being 
greater than in that of equation (1). 


ExPERIMENTAL. 


The apparatus employed for determining the distribution ratios 
was very simple, consisting essentially of osmometer vessels, as 
used by Donnan and Harris, only without the perforated silver 
plates and manometer, as no appreciable differences of pressure 
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were to be withstood or measured. The internal diameter of the 
cylindrical glass tubes was about 3°5 cm., their length 2°5—3°5 cm., 
the length of the side-tubes 15 cm., and the volume of the closed 
apparatus up to the neck about 25—35 c.c. The membranes (of 
copper ferrocyanide deposited in vegetable parchment) were 
separated by washers of pure caoutchouc from the edges of the 
glass cylinders, which had been carefully ground flat, the apparatus 
being thus rendered tight. The clamping frames used were nickel- 
plated, and the vessels stood in stout, cylindrical earthenware jars, 
containing the second solution. This form of apparatus allows of 
the use of a large active surface of membrane, and reduces to a 
sufficiently small amount the bulk of the inside liquid which is 
to come into equilibrium with the outer fluid. 

The membranes used were prepared by turning up the edges 
of a large piece of vegetable parchment, placing it in a large 
porcelain dish containing a 7 per cent. solution of potassium ferro- 
cyanide crystals, and filling it with a 5 per cent. solution of 
copper sulphate crystals. After remaining for two days, the solu- 
tions were poured out, the membrane washed, and the process 
repeated, the copper sulphate being this time outside, and the 
ferrocyanide solution inside, the parchment. After complete 
formation, the membrane was well washed and kept under water, 
pieces of suitable size being cut off when required. The time of 
preparation of membranes made in this way varied from two to 
seven days. Experience showed that the time of preparation of 
the membrane had no noticeable effect on the final equilibrium 
attained in the distribution experiments, and that after four days’ 
treatment with the forming solutions very little further increase 
in thickness resulted. Two-day membranes, however, whilst 
impermeable to the passage of ferrocyanide, permitted of an 
appreciably more rapid attainment of equilibrium. 

The procedure adopted at the beginning of the work was to 
start an experiment by placing a solution containing potassium 
ferrocyanide only in the outer vessel, and a solution containing 
potassium chloride only in the membrane vessel, allowing the latter 
salt gradually to diffuse out, and following the concentration 
change in the inner vessel by withdrawing 10 c.c. by means of a 
pipette and titrating with silver nitrate, and replacing sub- 
sequently the liquid abstracted by 10 c.c. of a solution of identical 
concentration. When, finally, the concentration of the inner solu- 
tion ceased to alter appreciably with time within the limits of 
experimental error, the experiment was stopped, and the solu- 
tion in the outer jar analysed. In two or three cases this pro- 
cedure was checked by starting with pure water in the inner 
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vessel, and with a mixture of chloride and ferrocyanide in the 
outer one, the final equilibrium concentration of the potassium 
chlcride concentration in the inner vessel being deter- 
mined. With vessels of equal volume and with equal total 
amounts of water, potassium chloride, and potassium ferrocyanide 
present, the same final equilibrium state should be reached from 
both sides, and this was found to be the case. In later experi- 
ments, when we had already in advance a good idea of the final 
concentrations which would be reached with given initial con- 
ditions, the procedure was shortened by making up the potassium 
chloride solution in the inner vessel to approximately the final 
strength expected. In the earlier experiments the membrane 
vessels were given a vertical up-and-down motion by mechanical 
means in order to effect stirring, but it was found that the accelera- 
tion thus obtained was small, so that in the majority of the experi- 
ments the vessels were merely stirred by hand once or twice daily. 
The time taken by the single experiments varied greatly—between 
ten and forty days. The following excerpt from the experimental 
results will be sufficient to show that equilibrium was really 
obtained. The figures are c.c. of the particular standard silver 
nitrate solution used. 


TaBLeE I. 
Number of 
experiment. Days after starting. 
5 7 8 9 10 12 13 14 
ll 18-86 19:26 — 19-47 oo 19-61 — 19-60 
29 — — 0-96 — 1-14 —- 1-34 a 
44 5-85 594 — — 5-98 600 — 5-99 


Number of 
experiment. Days after starting. 


15 17 20 22 2 =F 31 34 36 
ll fal she ada ae amie! sama ane OS 
29 146 153 162 165 169 4170 41-73 1-75 1-76* 


44 a --- —- -= —. — —- a 


* 1°79 when approached from side of more concentrated solution. 


Some little time was spent in selecting the most suitable analytical 
method for determining chloride and ferrocyanide in the same 
solution. The direct determination of ferrocyanide gave little 
trouble, results quite accurate enough for our purpose being 
obtained by titration with potassium permanganate in the presence 
of sulphuric acid, according to Miiller and Diefenthialer’s method 
(Zettsch. anal. Chem., 1911, 50, 383). The standard perman- 
ganate solutions used were approximately equivalent to about 
0'l molar potassium ferrocyanide. According to the amount of 
ferrocyanide present, 50—100 c.c. of the outer solution were 
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titrated (always in duplicate), the amount of permanganate 
required varying between 3°5 and 15 c.c. The presence of chloride 
did not prevent sharp end-points being obtained, except in the 
cases of experiments 19 and 20, where the ratio of chloride to 
ferrocyanide was at its highest and most unfavourable value. In 
these cases, the odour of chlorine was distinctly apparent before 
the compietion of the titration; otherwise the results can be re- 
garded as trustworthy to within 1 per cent., sufficiently good for 
our purpose. The degree of accuracy of the method used was 
checked by the analysis of known mixtures of chloride and ferro- 
cyanide. In order to avoid the errors inherent in an indirect 
determination of the chloride, attempts were made to determine 
it directly by distillation with excess of permanganate and 
sulphuric acid, the evolved chlorine being estimated in the usual 
way by iodide and thiosulphate. The reaction was found to be 
very slow, and only partly complete after an hour’s boiling, even 
with magnesite in the flask to sweep out the chlorine. If, how- 
ever, small quantities of copper, cobalt, or nickel salts were added, 
the rate of reaction was very much increased. However, when 
solutions containing ferrocyanide were investigated, the speed of 
reaction was reduced to a still lower value. In some cases, only 
40 per cent. of the chlorine had passed over when the contents of 
the flask had been distilled down to a paste. In these circum- 
stances, it was decided to titrate chloride and ferrocyanide 
together with silver nitrate in the presence of potassium chromate, 
thus arriving at the chloride concentration by difference. This 
procedure proved rapid and sufficiently accurate, the only case 
in which we are inclined to suspect any considerable error being in 
the potassium chloride concentration of experiment 39. 

In order to test the effect of small analytical and other experi- 
mental errors on the values of the distribution ratios, ten experi- 
ments were set up, in which approximately the same initial con- 
centrations of the substances in question were employed, and the 
equilibrium concentrations determined by the methods described. 


TaBe II. 
Number of K,FeCy, [K] out ([Cljin 
experiment. outside. KCI outside. KCl inside. [K] in [Cl] out: 
0-0192 0-0463 0-0527 1:24 
0-0190 0:0457 0:0527 1-23 
0-0189 0-0456 0-0521 1-24 
0-0189 0-0470 0-0534 1-23 
0-0189 0-0449 0-0510 
0-0189 0-0471 0-0522 
0-0192 0-0463 0-0528 
0-0191 0-0468 0-0539 
0-0209 0-0462 0:0538 
0-0189 0-0468 0:0534 
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(The number of c.c. of permanganate used for titration varied 
between 4°7 and 5°3.) The results are given in table II. 

In the above table, [K] and [Cl] indicate concentrations of total 
potassium and total chlorine respectively. 

The above results show that the analytical methods suffice, and 
that the errors to be expected in the values of the distribution 
ratios are small. It should be mentioned that, at the conclusion 
of every experiment, the liquid inside the membrane vessel was 
tested for ferrocyanide. In the first three series of experiments, 
the results of which follow, ferrocyanide could not be detected, or 
else was present in such minute traces that it could not affect the 
relations which were being investigated. Thus, traces were pre- 
sent in the inside liquids of experiments 4 and 8 of table II, but 
have obviously had no effect on the distribution ratios. Experi- 
ments 41 and 42 of the fourth series, however, were rendered 
valueless owing to the entrance of ferrocyanide, and the results 
of another series, in which the concentration of ferrocyanide in 
the outer liquid was kept higher still (namely, about 0°5 equiva- 
lent normal), are all useless on that account, and are therefore not 
given here. It is possible that a small mechanical leak was the 
cause of this phenomenon, but we are inclined to think it more 
likely that a breakdown in the membrane, due to physical or 
chemical causes, was taking place; or, if one takes the view that 
the membrane is not in reality perfectly impermeable to the ferro- 
cyanide, the effect of increased ferrocyanide concentration may 
find its explanation in a very slow diffusion through the membrane. 

Another disturbing influence, which made its appearance in the 
fifth (unquoted) series of measurements, was osmosis of water out- 
wards from the membrane vessel to the strong ferrocyanide solu- 
tion in the outer vessel. This took place very slowly, if at all, in 
the series of measurements given in the present paper, and, under 
such conditions, can be regarded as not appreciably affecting the 
final ionic equilibrium. 


Results of Distribution Experiments. 


Tables III—VI contain a summary of the experimental results, 
the concentrations being always given as gram-equivalents per 
litre. In each table the concentration of the ferrocyanide in the 
outer vessel is approximately constant throughout, whilst the con- 
centrations of the potassium chloride on both sides of the mem- 
brane increase from top to bottom. The last two columns give the 
relations between the total (not ionic) potassium and chlorine 


tr = gives a measure of the 
ou 


inside and outside, and the ratio 
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“expelling” action exerted by the ferrocyanide in the outer vessel. 
It will be noticed that the effect, which is greater the greater the 
ratio of ferrocyanide to chloride, can become very large. Thus, in 
experiment 40, the concentration of chloride on the side of the 
membrane free from ferrocyanide was three times as great as on 
the other. 


TaBLe III. |K,FeCy, circa 0°01 equivalent normal.| 


Experi- K,FeCy, KCl KCl [K] out [Cl] in 
ment. out. out. in. [K]in* [Cl] out 
27 0-0086 0-0090 0-6131 1-34 1-45(?) 

0-0101 0-0098 0:0138 1-44 1-41 

0-0100 0-0187 0-0225 1-28 1-20 

0-0093 0-0179 0-0213 1-28 1-19 

0-0091 0-0449 0:0487 1-11 1-08 

0-0102 0-0460 0-0497 1-13 1-08 

0-0106 0-0941 0-0969 1-08 1-03 

0-0087 0-0939 0-0962 1-07 1-02 

0-0094 0-2277 0-2278 1-04 1-00 

0-0097 0-2280 0-2288 1-04 1-00 


IV. [K,FeCy, circa 0°02 equivalent normal. | 


0-0189 0-0110 0-0169 1-77 

18 0-0185 0-0112 0-0178 1-67 
13 0-0193 0-0219 0-0283 1-46 
14 0-0188 0-0231 0-0288 1-45 
Mean of 1—10 0-0192 0-0463 0-0528 1-24 
15 0-0197 0-1153 0-1210 1-12 
0-0182 0-1186 0-1240 1-10 

0-0193 0-2201 0-2234 1-07 

0-0185 0-2235 0-2280 1-06 


Ob ey each 4 
SOSSKH HHA 
DEH AAAS 


V. ([K,FeCy, circa 0°05 equivalent normal.] 


0-0467 0-0084 0-0201 2-70 
0-0496 0-0087 0-0204 2-86 
0-0468 0-0161 0-0288 2-18 
0-0467 0-0161 0-0287 2-19 
0-0488 0-0433 0-0576 1-60 
0-0489 0-0465 0-0608 1-57 
0-0483 0-0892 0-1026 1-34 
0-0!381 0-0878 0°1010 0°34 
0-049) )-22 0-2383 1-15 
0-0481 0-2253 0-2380 1-15 


yds tote 
SSE reer as 
HN ON 9 OO RO 


VI. [K,FeCy, circa 0°1 equivalent normal.] 


0-0961 0-0051 0-0252 4-01 4-94(?) 
0-0946 0-0082 0-0264 3°89 3-22 
0-0974 0-0437 0-0686 © 2-06 1-57 
0-0961 0-0432 0-0684 2-03 1-58 
0-0983 0-0888 0-1162 1-61 1-31 
0-1008 0-0921 0-1163 1-66 1-26 
0-0950 0-2263 0-2538 1-27 1-12 
0-0973 0-2210 0-2513 1-27 1-14 
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In almost every case, the ratio in column five exceeds that in 
column six. In fact, so regular is this behaviour, that we are 
justified in assuming experimental errors in experiments 27 and 
39, where these relations are inverted. Experiment 28 is probably 
also faulty. It is, of course, just in the experiments at the head 
of each table, where the chloride concentrations are low, that 
their determination by difference is likely to lead to multiplication 
of error. 

In order more easily to appreciate the effect of the presence of 
ferrocyanide on the distribution of the chloride, Figs. 1 and 2 are 


Fig. 1. 
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given. Fig. 1, which was drawn by graphical interpolation from 
the results of tables III—VI, gives the relation between the con- 
centrations of ferrocyanide and chloride in the outer vessel for 
various constant concentrations of chloride in the inner vessel, 
namely, 0°02, 0°05, 0°10, 0°15, and 0°2 normal. If the ferro- 
cyanide had no effect on the distribution ratio, the concentration 
of the chloride in the outer vessel for any given concentration of 
chloride in the inner vessel would naturally be independent of the 
concentration of the ferrocyanide—remaining, in fact, always 
equal to the concentration of the chloride in the inner vessel. The 
increasing divergence from this state of affairs with increasing 
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concentration of ferrocyanide is clearly shown by the curves given 
in Fig. 1. Fig. 2 (drawn with the aid of Fig. 1), in which the 
ratio ee oie is plotted against concentration of ferrocyanide 


for a number of constant chloride concentrations in the inside 


Fig, 2. 
1°04 
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0°02 0°04 0:06 . 0°08 0°10 


K,FeCy, concentration outside. 


vessel, shows the unequal distribution of the chloride still more 
clearly, the ordinates deviating more widely from unity the greater 
the ferrocyanide concentration. 

In order to push this effect to extreme limits, a few experiments 
were carried out, using concentrated ferrocyanide solutions, dis- 
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turbance due to osmosis being eliminated by adding sucrose to the 
weaker solution in the inner vessel. The necessary concentrations 
of sucrose were calculated from the experiments of Tammann, 
and, so far as the elimination of osmosis was concerned, the results 
were quite satisfactory. All the potassium chloride was placed in 
the inner vessels at the start, the jars were stirred at intervals, 
and the concentration and volume of the inner liquids determined 
after thirty-two days, it being assumed that equilibrium was then 
attained. By measuring the volume of the outer liquids, the con- 
centration of the potassium chloride which had diffused out could 
Eh inside obtained. 
KCl outside 
Unfortunately, in most of these experiments a certain amount of 
ferrocyanide diffused inwards through the membranes, although the 
latter were freshly prepared, were very carefully put on, and were 
as dense as any previously used. Table VII contains the results. 


be calculated, and rough values for the ratio 


TasLeE VII. 


K,FeCy, KCl KCl KCl in 
out. out. in. KCl out Remarks. 
0-5n. 0-007. 0-0324n. 4:6 No K,FeCy, inside’ 
1-On. 0-006 <0-0433 <7-2\Small amounts of 
1-On. 0-0055 <0-0443 <80jf  ferrocyanide inside. 
2-0n. Useless owing to large amounts of ferrocyanide inside. 


Discussion of Distribution HLquilibria. 


From the above experimental data, the ionic ratios with which 
the theory deals can be calculated. For this purpose, use was 
made of the following equations (compare Sherrill, J. Amer. Chem. 
Soc., 1910, 32, 742): 


(a) mx = K,(Ca,)'~". 

(0) one =: Ky(Cya, + Cia,)'-*. 

(c) = = K,(C\o, + C,a,)!-™. 
— a, 


The suffixes 1 and 2 refer to potassium chloride and potassium 
ferrocyanide respectively. Equation (a) was used for calculating 
the degrees of dissociation in the pure potassium chloride solutions, 
and () and (c) for the degrees of dissociation .of chloride and 
ferrocyanide respectively in the mixed solutions: a represents 
degree of dissociation, C equivalent concentration, K and n 
empirical constants, deduced from conductivity measurements, and 
characteristic of the salts in question. In the present case, the 
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values of K and n taken were as follows (compare Noyes, J. Amer. 
Chem. Soc., 1908, 30, 351; Johnston, loc. cit., 1909, $1, 1010): 
K,=2°20; n,=1°42. 
K,=0°298; n,=1°45. 

According to these equations (which can be derived from the 
isohydric theory of Arrhenius, and have been much used and dis- 
cussed in recent years by Noyes and his collaborators), in a mix- 
ture of two salts with a common ion, each salt has a degree of 
dissociation equal to that which it has when present alone in a 
solution the ionic concentration of which is equal to that of the 
common ion in the mixture. In the present case, the assumption 
is made that the potassium ferrocyanide ionises directly to 4K" 
and FeCy,//", for which assumption, although at first sight un- 
likely, the results of Johnston afford some support. 

It is necessary to solve the above equations by trial and error. 
The process, although laborious, is straightforward. The results 
of the calculations are given in tables VIII—XI (corresponding 
with tables III—VI). The columns contain, reading from left to 
right, the number of the experiment, the degrees of dissociation 
of the potassium chloride and potassium ferrocyanide in the mix- 
ture, the potassium and chloridion concentrations in the mixture 
calculated therefrom, the degree of dissociation of the chloride and 
the potassium and chloridion concentrations in the inner vessel, 
and, finally, the ionic distribution ratios, which, according to the 4 
simple theory, should be identical. " 


TasLe VIII. 


Inside. 

i | Outside. i 
| Experi- — Aen [K"]= [K’Jout, [CI’Jin 
| ment. a}. Ay. [K’}.  [Cl’}. a. [Cl’]. [K*]in [Cl'Jout 
| 27 0-925 0-67 0-0141 0-0083 0-935 0-0122 1-15 1-47 
| 28 0-925 0-66 0-0157 0-:0091 0:93 0:0128 1-23 1-42 
i | 26 O915 0-625 0-0234 0-0171 0-92 0-0207 1-13 1-21 
I 25 0915 0-625 00-0222 00164 0-92 00196 1:13 1-20 
| 24 0-89 0-545 0-0449 0-0400 0-89  0-0433 1-04 1-08 
y 23 «60-89 0-545 0-0465 0:0409 0-89 0:0442 1-05 1-08 
H 22 0-86 0-475 00-0860 0:0809 0-86 0-:0833 1-03 1-03 
j 21 0-86 0-475 0-0849 0:0807 0-86 0-0827 1-03 1-02 

19 0-815 0-39 0-1894 0-1856 0-815 0-1857 1-02 1:00 
fl 20 0815 0-39 0-1896 00-1858 0-815 0-1865 1-02 1-00 


TaBLeE IX. 


0-0101 0-925 0-0156 1-40 1-54 

18 0915 0-625 00-0218 00102 0925 00165 1-32 1-61 

13 0-905 0-59 0-0312 0-0198 0-91 0-0257 1-21 1-30 

14 0-905 0-585 00-0319 0-0209 0-91 0-0262 1:22 1:25 

1—10 0-885 0-53 0-0511 0-:0410 0-89 00470 1:09 1-15 

15 0-85 0-45 0-1069 0-0980 0-85 0-1028 1:04 1-05 
| 16 0-85 0-45 0-1090 00-1008 0-85 0:1054 1:03 1-05 
11 0-815 0-39 0-1869 0-1794 0-82 00-1832 1:02 1-02 

12 0815 0-39 0-1894 00-1822 0-815 01858 1:02 1-02 
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TABLE X. 
Inside. 

as, 

[K']= [K'Jout, [Cl’Jin 
[Cl’]. “[K° Jin [CI'jout’ 
0-0185 1-86 2-45 
0-0188 . 2-40 
0-:0262 . 1-82 
0-0261 5 1-81 
0-0510 . 1-35 
0-0538 23 1-32 
0-0882 . 1-16 
0-0869 . 1-16 
0-1946 . 1-06 
0-1940 . 1-06 


\ 


[CI’}. 

90-0076 
0-0078 
0-0144 
0-0144 
0-0379 
0-0407 
0-0763 
0-0751 
0-1833 
0-1825 
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TaBLE XI. 


0-88 } 0:0549 00-0045 0-915 0-0231 
0-88 ° 00-0564 0:0072 0-915 0-0242 
0-86 : 0-0838 0-0376 0-88 0-0604 
0-865 : 0-0830 0:0374 0-88 0:0602 
0-845 : 0-1183 0:0750 0-855 0-0993 
0-84 , 0-1217 00774 0-855 0-0994 
0-805 : 0-2163 0-1812 0-81 0: 2056 
0-81 : 0-2150 00-1790 0-81 0-2035 
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It is clear, however, from the above tables that the ionic ratios 
are not equal. In tables III—VI the “total potassium” ratio 
exceeded the “total chlorine” ratio; here, however, the “ ionic 
potassium ”’ ratio is less than the “ionic chlorine” ratio, except in 
a few experiments at the bottom of tables VIII and IX. If we 
assume that the ions obey the laws of ideal solutions, two causes 
for this discrepancy might be possible. In the first place, the ionic 
concentrations deduced from conductivity data may be seriously 
incorrect, owing to the need of a correction for viscosity (Wash- 
burn, J. Amer. Chem. Soc., 1911, 83, 1462). In the present case 
this seems unlikely, since the viscosities of solutions of potassium 
chloride and potassium ferrocyanide of the concentrations used in 
the present investigation differ very slightly from the viscosity of 
water (Reyher, Zettsch. physikal. Chem., 1888, 2, 744; Wagner, 
ibid., 1890, 5, 37), whereas the discrepancies to be accounted for 
are considerable. Moreover, a few experiments made with pure 
water, with a potassium chloride solution and with a mixed solu- 
tion of chloride and ferrocyanide (both solutions of the same com- 
position as the final equilibrium solutions of experiments 1—10), 
showed that there was nothing abnormal in the viscosity of mix- 
tures of chloride and ferrocyanide. The extreme differences in 
the values observed (the experiments were carried out with a 
Scarpa viscometer [Gazzetta, 1910, 40, ii, 271] similar to the one 
used by F. D. Farrow [T., 1912, 101, 347]) did not exceed 0°5 per 
cent., and therefore it did not appear likely that viscosity correc- 
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tions applied to the conductivity data would lead to ionisation 
values seriously differing from those used in the present paper. 

In the second place, it is possible that an appreciable part of 
the conductivity of potassium ferrocyanide solutions is due to 
intermediate ions; that is to say, the salt does not ionise directly 
to 4K° and FeCy,’/’, but that appreciable amounts of such ions 
as K,FeCy,’, K,FeCy,”, etc., are present. As this, however, would 
make the discrepancy between the ratios greater, and not less, 
such a supposition cannot explain the divergence in question. 

The most probable explanation appears to be that the con- 
stituents of the salts do not obey the laws of ideal solutions, and 
that therefore the ionic ratios are not proportional to the activity 
ratios, which latter appear in the correct equations (see introduc- 
tion). It has been shown by A. A. Noyes, G. N. Lewis, and their 
collaborators that the undissociated part of a strong electrolyte 
deviates more from the laws of ideal solutions than the ionised 
part. Now, as was pointed out in the introduction, if there exists 
distribution equilibrium, then 


(@u); = (@u), 


(ax.), - (Ger), = (@x-)e - (Gvr),- 


We should therefore expect in the present case that the equation 
[undissociated KCl],=[undissociated KCl], 
would hold less strictly than the equation 


[K*]}, [CV], =[K"}[Cl’}. 


The following tables, calculated from the data of tables 
VITI—XI, show that this is indeed the case. Column four gives 
the ratio of the concentrations of the undissociated parts, and 
column five the ratio of the ionic products, as calculated from con- 
ductivity data. 


TABLE XII. 


Undissociated Undissociated Ratio of undis- Tonic pro- 
Experiment. KCl inside. KCl outside. _ sociated parts. duct ratio. 
0-00085 0-00068 1-25 1-28 (?) 
0-00097 0-00074 1-31 1-16 
0-00180 0-00159 1-13 1-07 
0-00170 0-00149 1-14 1-06 
0-00536 0-00494 1-08 1-04 
0-00547 0-00506 1-08 1-03 
0-0136 0-0132 1-03 1-00 
0-0135 0-0131 1-02 0-99 
0-0421 0-0421 1-00 0-98 
0-0423 0-0422 1-00 0-98 
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TABLE XITIT. 


Undissociated Undissociated Ratio of undis- Ionic pro- 
Experiment. KCl inside. KCl outside. sociated parts. duct ratio. 
0-00127 0-00088 
0-00134 0-00095 
0-00255 0-00208 
0-00259 0-00219 
0-00581 0-00532 
0-0181 0-0173 
0-0186 0-0178 
0-0402 0-0407 
0-0422 0-0413 


TABLE XIV. 


0-00161 0-00084 
0-00163 0-00087 
0-00259 0-00169 
0-00258 0-00169 
0-00662 0-00541 
0-00699 0-00581 
0-0144 0-0129 
0-0141 0-0127 
0-0442 0-0430 
0-0440 0-0428 
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TABLE XV. 


0-00214 0-00061 
0-00224 0-00098 
0-00823 0-00612 
0-00821 0-00583 
0-0168 0-0138 
0-0169 0-0147 
0-0482 0-0451 
0-0478 0-0420 
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The divergence from unity in column four is, in general, greater 
than that in column five. 


Electromotive Force Measurements. 


The first series of measurements was made with the object of 
testing the theory referred to previously (Zettsch. EHlektrochem., 
1911, 17, 572). According to this theory, if there exists distri- 
bution-equilibrium in a case where the concentrations of the 
diffusible ions are unequal on either side of the membrane, then 
there must exist a potential difference between these solutions. 

If the ions obey the laws of ideal solutions, this potential differ- 
ence will be proportional to the logarithm of the ratio of the con- 
centrations of the diffusible ions. If, on the other hand, the ions 
do not obey the laws of ideal solution, the potential difference will 
be proportional to the logarithm of the ratio of the activities. 
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The first measurements were made with electrodes reversible 
with respect to the anion. It was intended, first, to use mercury 
electrodes with calomel as depolariser, as in the ordinary calomel 
electrode, but it was found that the mercurous chloride reacted 
with the ferrocyanide, and caused disturbances. Silver electrodes 
with silver chloride as depolariser could also not be used, as, owing 
to the greater insolubility of silver ferrocyanide, the silver chloride 
was converted into the latter salt by the potassium ferrocyanide. 
As might be expected from the greater insolubility of silver iodide, 
it was found that the latter was not affected by solutions of 
potassium ferrocyanide and potassium iodide, in which the 
potassium iodide was present in amounts equivalent to the 
potassium chloride in the equilibrium solutions. This held, at all 
events, for the majority of such solutions in which the ratio of 
ferrocyanide to iodide was not too high. It occurred to us, there- 
fore, that potassium iodide in equivalent amount might be sub- 
stituted in the equilibrium mixtures for the chloride actually 
employed in the equilibrium experiments, since the ionisation- 
coefficients of these two salts are probably very similar. Accord- 
ingly, the following combination was measured: 


Ag | Agl, equilibrium solution | Equilibrium solution, AgI | Ag 
3 i 2. 


Membrane. 


In the above combination, the 7.M.F. at 18° due to the end 


electrodes is given by the expression 0-058 log {22 and the 
ay )2 


corresponding #.M.F. due to the membrane by the expression 


0°058 log (av)o, It is clear, therefore, that if the solutions, and 
ay 1 

therefore the I’ ions, are in equilibrium across the membrane, the 

total #.M.F. will be zero. The different combinations were 

measured in series with a standard cell. The results are contained 


in table XVI. 
TaBLE XVI. 


E.M.F. (positive current from solution 
Number of experiment free from ferrocyanide to mixed 
in tables ITI—VI. solution outside cell). 
19 and 20 Very small 
é Very small 
—1:5 millivolt 
=<. bee . 
—4-5 on 
—4-5 = 
—9-5 bs 
Indefinite 
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It will be evident from these figures that the 7.1/.F.’s of these 
combinations are not zero, as would follow from the theory out- 
lined above, if the solutions were in distribution equilibrium. The 
discrepancies are greater the greater the ratio of ferrocyanide to 
iodide. 

In order to test this point further, experiments were made with 
electrodes reversible with respect to the cation, namely, potassion. 
For this purpose, the potassium amalgam electrodes employed by 
Lewis and Keyes (J. Amer. Chem. Soc., 1912, 34, 119) were used, 
the electrolytes being the same as in table XVI. The amalgam 
employed contained about 0°2 per cent. of potassium. It was pre- 
pared and manipulated as described by Lewis and Kraus (J. Amer. 
Chem. Soc., 1910, 32, 1459). In some cases a certain amount of 
disturbance was caused by chemical action of the electrolyte on the 
amalgam. This was generally the more marked the weaker the 
solutions in question, and was invariably greater in the solutions 
containing ferrocyanide. The freer, however, the surface of the 
amalgam was from gas bubbles, the more closely did the #.M.F.’s 
of the systems measured approach the value zero. In the last two 
experiments, where the evolution of gas tended to be strong, we 
allowed the amalgam to flow out slowly and continuously, and in 
this way, as will be seen, were able to reduce the #.M.F. of the 
system to zero. The results of our measurements are collected in 
table XVII. It may be concluded that, in the absence of all gas 
evolution, the #.4/.F.’s would be, in every case, zero. 


TABLE XVII. 


E.M.F. (current 
Number of from ferrocyanide-free 
experiment in solution to mixed 
tables 111.—VI. solution outside cell). Remarks. 
19—20 —0-5 millivolt Slight gas evolution in 
mixed solution. 
27—38 0-0 No gas bubbles. 
1—10 —1-0 Very slight gas evolu- 
tion. 
13—14 —0-5 to zero Very slight gas evolu- 
tion. 
17—18 —1:5 Much gas_ evolution. 
Very variable. 
31—32 —1-0 Gas evolution. 
Continuous flow. 
Negative values 
of several milli- 


29—30 Zero 


40 Zero | volts when gas 
evolved. 


These measurements show that, under these conditions, the mem- 
brane acts as a reversible electrode with regard to potassion, and 
that therefore the potential existing at it is proportional to the 
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logarithm of the ratio of activities of the potassion in the two 
solutions. If, however, the solutions measured were really in dis- 
tribution equilibrium, in which case the relation 
[ax-]. [ay]; _ fax. Jur. fay) 

would hold, then the 7.M.F.’s of the combinations in table XVI 
would also be zero, which is not the case. We are driven, there- 
fore, to the conclusion that the substitution of potassium iodide 
for potassium chloride in equivalent concentration results in solu- 
tions which, although ionically equivalent, are not in distribution 
equilibrium. 

In order to settle this matter, cells of the following type were 
set up and measured : 

Potassium amalgam | Solution I, silver iodide | Silver 
Potassium amalgam | Solution II, silver iodide | Silver 

where solutions I and II represent a pair of those solutions, one 
containing potassium iodide alone and the other a mixture of 
potassium ferrocyanide and iodide, which we have supposed to be 
in equilibrium. The value ¢,—e,,, where e,; and e,, are the 
electromotive forces of the two cells in question, is proportional 
to the work required isothermally and reversibly to transfer one 


gram-molecule of potassium iodide from one solution to the other. 
If the solutions are really in distribution equilibrium, this work 
will be zero, and therefore the 7.M.F.’s will be equal. The results 
are contained in the following table. 


TaBLeE XVIII. 
Corresponding 
experiment of Mixed solution, Todide solution, 
tables ITI—VI. E.M F. (in volts). E.M.F. (in volts). 
1—10 1-888 1-885—1-886 
17—18 1-943—1-944 1-938—1-939 
29—30 1-935 1-927 
The inequality of the 7.M.F.’s of the pairs of cells given in the 
above table, columns two and three, appears to show that the 
pairs of solutions concerned are not in equilibrium. A possible 
explanation of this is that the functional relationship between 
activity .and concentration for iodidions and _ undissociated 
potassium iodide is not the same as for chloridions and undis- 
sociated potassium chloride. The pairs of solutions containing 
potassium iodide which we have employed in these #.U.F. 
measurements will not, therefore, be in distribution equilibrium 
with regard to either potassions or iodidions. According to the 
theory given previously, the potential difference across the mem- 
brane would therefore not be expected to be proportional to the 
logarithm of the ratio of the activities of either the potassions or 
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the iodidions. Consequently, the #.M.F.’s of the cells containing 
the copper ferrocyanide membrane and either a pair of potassium 
or a pair of silver-silver iodide electrodes (see tables XVII and 
XVI respectively) should not be zero. It is therefore singular 
that the 7.M.F.’s of the former cells are, as the experiments show, 
in reality zero, or very nearly so. A possible explanation of this. 
result is that the copper ferrocyanide membrane, owing to its 
containing, dissolved or adsorbed, a certain quantity of potassium 
ferrocyanide, acts as a reversible electrode with respect to 
potassions, irrespective of whether the solutions are in equilibrium 
or not.* If we accept this explanation, it follows at once that, in 
the present case, the membrane cells containing the pair of silver— 
silver iodide electrodes cannot show a zero /.M.F., for since 


[ax-], [av], 

lexe]p © larh 
it follows that the potential difference across the membrane cannot 
be proportional to the logarithm of the ratios of the activities of 
the iodidions, and therefore this potential difference cannot 
equilibrate that due to the potential difference of the pair of 
silver—silver iodide electrodes. 

A rough calculation of the total #.M./’.’s of the membrane cells 
with silver-silver iodide electrodes can be made in the following 
manner. 

We can write, in general, 


(@x-), _ 

(4x+)o 

(ay), ‘es 

(41), 
where the a’s denote activities and the square brackets ionic con- 
centrations, and where 7 and m are two unknown factors which 
are, in general, different from each other and from unity (and 
may vary with concentration). If, however, we write approxi- 
mately /=m=1, then we can at once calculate the potential- 
difference due to the pair of silver-silver iodide electrodes from 
the ordinary simple theory, since we know the concentrations of 
the iodidions in the two solutions (assuming these to be equal to 
the concentrations of the chloridions in the equivalent equilibrium 
solutions). We can also calculate in a similar manner the 
potential-difference at the membrane, since we know from our 
experimental results that this membrane acts as a_ reversible 


* Some support is lent to this explanation by certain rather rough measurements 


ine by Beutner (J. physical Chem., 1918, 17, 344) since this work was under- 
taken. 
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potassium electrode. The algebraic sum of these two potential : 
differences will give the calculated (approximate) value of the total 
E.M.F. of the membrane cell in question. 

The following table (XIX) contains the calculated and experi- 
mentally observed 2.M.F.’s. 


TaBLE XIX. 
E.M.F.’s of Membrane Cells with Ag—AgI Electrodes. 
Observed E.M.F. Calculated #.M.F 


Experiment. (millivolts). (millivolts). 
Nos. 19—20 <1-0 =e 

»  31—38 <1-0 +0-5 

a 415 +1-3 

» wanes 41-5 41-2 

»  17—i8 +4:5 +36 

»  3sl—32 +45 +4-0 

” 29—30 al 9-5 +6-3 


The results are not quite regular, but it will be seen that there 
is a rough agreement between the two sets of values. 

The experimental results contained in tables XVI and XVIII 
have been tentatively explained on the assumption that the substi- 
tution of potassium iodide in equivalent concentration for the 
potassium chloride of the solutions shown to be in distribution 
equilibrium produces solutions which are not in distribution equili- 


brium, because (av), |; is not equal to (4h when [lt - [Cr'l, : 
te (ay), (Acro [l’], [Cl'}, | 
This assumption admits of a further test in the following way. 4 
The #.M.F.’s at 18° of the cells with pairs of silver-silver iodide 
electrodes (table XVI) are given by the general formula ; 


E = 0-058 log “eh (tr), 
5 ax.) Co 
Taking the #.M.F.’s of the cells with potassium amalagam and 
silver-silver iodide electrodes in pairs (columns two and three of 
table XVIII), we must also have 


€, — ¢, = 0°058 log (t+ (r) 
, . "ee Jo- (Av)g 


and therefore 7 =e,—e, in each case. 
The results of this comparison are shown in the following table. 


TABLE XX. 


€; —& (from 
E (from table XVI) table XVIID, 


Experiment. millivolts. millivolts. 

Nos. 1—10 1-5 2-5 ; 
» i17—18 4:5 5-0 F 
»  29—30 9-5 8-0 
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The concordance of columns two and three of this table, although 
perhaps not as good as might have been expected, is sufficient to 
render our explanation of the results given in tables XVI and 
XVIII a possible one. 

Writing 

(ay), 

Ay)o 
and 

(4ev)2 
the experimental results given in this paper enable the values of 
the ratio m/n to be calculated in a few cases. For, comparing a 
pair of iodide—(iodide+ferrocyanide) solutions with the corre- 
sponding equivalent pair of chloride — (chloride + ferrocyanide) 
equilibrium solutions (in which the chloridion-concentrations may 
be supposed to be very approximately equal to the iodidion-con- 
centrations of the corresponding iodide solutions), we have 


(ax), ° (ay), _ 7 (ax-), ° (dev); 
(4x+)o + (4v)e2 m (dx+)o - (Aev)e 
Hence, 2 -=e,—e,=0'058 log m/%. 
Taking the means of the values of Y and e,—é, given in table 
XX, we arrive at the following results. 


TaBLE XXJI. 


Experiment. Log m/n. m/ id. 
Nos. 1—10 0-047 1-114 
»  li—18 0-082 1-208 
»  29—30 0-150 1-413 


As regards the accuracy of these values of m/n, the value 1°4 
obtained from experiments 29—30 cannot be in error by more than 
5 per cent. Larger errors may, however, occur in the other values, 
where the measured H#.M.F.’s were smaller. It is fairly certain, 
therefore, that the value of m/n calculated in this way diverges 
largely from unity. It may be observed, also, that these diverg- 
ences all occur in solutions of chloride and iodide which are dilute 
with respect to both ferrocyanide and haloid, and increase with 
the concentration of ferrocyanide. Values of m/n so divergent 
from unity appear rather improbable, so that the view expressed 
above, namely, that the iodide — (iodide + ferrocyanide) systems are 
not in distribution equilibrium, whilst the equivalent chloride— 
chloride +ferrocyanide systems are (for the reasons that the 
chloridions and iodidions deviate differently from the laws of ideai 
solutions), leads to a position which appears untenable if our 
experimental results are correct and correctly interpreted. 
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There would seem to be five possible solutions of this difficulty, 
namely, the assumption that: (1) the equivalent chloride and 
iodide solutions differ markedly in degrees of ionisation; (2) the 
chloride—chloride + ferrocyanide systems are not in distribution 
equilibrium; (3) the silver-silver iodide electrodes have given 
erroneous results; (4) the analytical data of the distribution ex- 
periments are seriously in error; (5) the phenomena occurring at 
the semipermeable membrane are not as simpie as supposed. 

We may exclude (1) as very unlikely, since, although the 
equivalent chloride and iodide solutions may differ to some extent 
in degree of ionisation, the differences would be too small to 
account for the observed results. We may also exclude (4), as the 
errors inherent in the analytical methods were very carefully ex- 
amined. With regard to (3), although the silver—silver iodide 
electrodes did not give quite constant results, yet the measured 
£.M.F.’s could not possibly be erroneous to the extent required. 
It is very probable that the distribution results correctly represent 
the phenomena as occurring under the experimental conditions 
chosen, and therefore in this sense we may exclude (2). The 
observed deviations from the simple theory of the membrane 
action, both in the case of the distribution and the 7.M.F. measure- 
ments, increase with the concentration of the ferrocyanide, so that 
assumption (5), which in a certain sense also includes (2), may be 
the correct explanation. We are, in fact, as a result of the pre- 
sent work, inclined to take this view, but further experiments 
with simpler systems will be necessary to establish it. Such experi- 
ments are now in progress. For example, we have some evidence, 
particularly in the case of the more concentrated ferrocyanide 
solutions, that the latter salt may in reality be slowly diffusing 
through, so that the conditions in the membrane itself may be 
variable and relatively complex, instead of constant and simple, 
as is supposed in the theory given in the early part of this paper.* 

Apart, however, from all these quantitative considerations, the 
definite reality of the phenomenon of unequal distribution has 
been established beyond question by the experiments which we have 
made. It is highly probable, therefore, that phenomena of this 
class must play an important part in many physiological processes, 
and the data given in this paper suffice to exhibit the nature and 
extent of these phenomena. 


* Possibly adsorption of salts by the colloidal ferrocyanide may also be a dis- 
turbing factor. 
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Summary. 


(1) Experiments have been made on the distribution of 
potassium chloride between two compartments separated by a 
copper ferrocyanide diaphragm, one compartment of which con- 
tained potassium ferrocyanide. 

(2) The higher concentration of potassium chloride on the side 
free from potassium ferrocyanide, and the relation of this unequal 
distribution to the concentration of the chloride and ferrocyanide, 
have been experimentally established. 

(3) The results obtained agree, in general, with the view of 
membrane equilibria proposed by Donnan, but a discussion of the 
distribution data combined with electromotiveforce measure- 
ments appears to show that, at all events in the case of a copper 
ferrocyanide membrane and potassium ferrocyanide solutions, the 
phenomena are not so simple as supposed in the theory mentioned. 
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CLXXXII.—Some Derivatives of Safrole. 
By Ropinson Percy Foutps and Roserr Rosinson. 


Tuis investigation arose from a desire to utilise for synthetical 
purposes those readily accessible aromatic substances, which, like 
safrole, eugenol, and apiole, are phenol ethers containing an allyl, 
propenyl, or, in some cases, a butenyl side-chain. The first case 
taken was that of safrole, and the present account is of the product 
of nitration of this substance and of certain compounds which are 
readily obtained by subsequent simple processes. 

6-Nitrosafrole (see p. 1965 for the proof of constitution) is readily 
reduced in the usual manner, yielding 6-aminosafrole, the acetyl 
derivative of which is converted by bromine into a normal 
dibromide. Acetylaminosafrole and acetylaminosafrole dibromide, 
when treated with phosphoryl chloride and alcoholic potassium 
hydroxide respectively, undergo transformations of the type for 
which a search was being made. The nature of these reactions is 
illustrated in the schemes which follow : 
on <r NOH,OH:0H, yom, gu. <O/ Y Os 

2 \_)NH-CO-CH, haar | 2S 
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CH 
CH <0f \CH,-CHBr-CH,Br Alcoholic KOH CH oY ‘oon 
20\ )NH-CO°CH, — >t SO 3 
Ww bite 4 


In the case of the production of the indole derivative, as also in 
that of methylenedioxydimethylquinoline, there is obviously a 
movement of an ethylene linking from a side-chain to the ring. 
The yields obtained in these processes are satisfactory, and the 
reactions are probably capable of general application, and any 
compound containing the group 

C-CH:CH: C:CHR 
ne be 
| o =| 
/\NH-COR / \NH-COR 
may yield a quinoline derivative on treatment with phosphory! 
chloride, or any substance containing the group 
\ Ara \ Anbe CH Be B 
| or =| 
/ \NH-CO-CH, / \NH-CO-CH, 
an indole on treatment with alcoholic potassium hydroxide. 

Although safrole and eugeny! methyl ether give very poor yields of 
the corresponding phenylacetic acids on oxidation with potassium 
permanganate, yet nitrosafrole was converted by this agent in 
acetone solution into 6-nitropiperonylacetic acid as the sole 
product: 


7 


/\on.-CE: /\on.: 
cH;<O lon CH:CH, _. CH <O No? CO,H 
me oe i 
The result may perhaps be explained by a consideration of the 
distribution of affinity in the molecule of the latter substance, in 
accordance with the views of Werner. In the following skeleton 
formula the thickened lines represent affinities strengthened by the 
nitro-group, and it will be seen that the point of attack for further 
oxidation would most probably be between the aromatic nucleus 
and the methylene group, and, as a consequence, the molecule would 
suffer profound decomposition : 


\o—cH,—C0,H 
| 
C 
/ \N—O 
~*~ 
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An account is also included of the preparation of piperonyl- 
acetylene. It is a solid melting at 42—43°, and is obtained by the 
action of alcoholic potassium hydroxide at 125° on bromoisosafrole, 
produced by the distillation of :sosafrole dibromide. 


EXPERIMENTAL. 
6-Nitrosafrole, CH,:0,:C,H.(NO,)-CH,-CH:CHg. 


The reaction between safrole and nitric acid is very vigorous, 
and many unsuccessful trials were made before the following nitra- 
tion process was adopted. 

Safrole (40 grams) dissolved in glacial acetic acid (160 c.c.) was 
cooled in a mixture of ice and salt, and nitric acid (D 1°42; 
32 grams) gradually added with constant shaking. After allowing 
to remain for two hours, water and ether were added, and the 
ethereal solution was washed with sodium carbonate, dried, and 
evaporated. On cooling in the ice-chest the brownish-red, oily 
residue gradually crystallised. Liquid impurities were removed 
from the product by contact with porous porcelain, and the nitro- 
safrole was recrystallised by adding light petroleum to its concen- 
trated ethereal solution. The yield was 60 per cent. of the theoreti- 
cal. 6-Nitrosafrole crystallises in pale yellow needles, which melt 
at 25°: 

0°1718 gave 0°3665 CO, and 0°0706 H,O. C=581; H=4°5. 

01440 ,, 84 cc. N, at 13° and 761mm. N=6°9. 

C,)H,O,N requires C=58'0; H=4°3; N=6-8 per cent. 

The substance is readily soluble in all organic solvents with the 
exception of light petroleum. It dissolves in concentrated sulphuric 
acid to a bright red solution. 


Oxidation of Nitrosafrole. Production of 6-Nitropiperonylacetic 
Acid. 

Nitrosafrole (9 grams) was dissolved in acetone (60 c.c.) and 
oxidised by the gradual addition of a solution of potassium per- 
manganate (30 grams in 600 c.c. of water). The acetone was 
removed by evaporation, and the liquid filtered and acidified with 
hydrochloric acid. The cooled solution deposited yellow crystals, 
together with a small amount of tarry material. After several 
crystallisations from water with the aid of animal charcoal the acid 
was obtained in pale yellow leaflets (flat needles), rather sparingly 
soluble, even in hot water, and melting at 183°. The yield of the 
acid was very satisfactory for an oxidation process: 

0°1701 gave 0°3004 CO, and 0°0509 H,O. C=480; H=3's. 

C,H,O,N requires C=48°0; H=3'1 per cent. 
6 M 
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0°1237 required for neutralisation 0°00462 NaOH, whereas this 
amount of a monobasic acid, C,H,0,N, requires 0°00468 
NaOH. 

It was found impossible further to oxidise this acid to a nitro- 
piperonylic acid, since under a variety of conditions the substance 
was either recovered unchanged or converted into substances of 
very much simpler composition. The position of the nitro-group 
was, however, established by the following observations: 

On heating strongly with glycerol, a small amount of a neutral 
substance, melting after crystallisation from methyl alcohol at 
82°, was obtained. This was evidently identical with the 6-nitro- 
piperonylmethane obtained by Angeli and Rimini (Gazzetta, 1895, 
25, ii, 209), m. p. 83°. 

But even so, the position of the nitro-group was not proved in the 
latter substance. Nitropiperonal condenses with hippuric acid in 
the normal manner in the presence of sodium acetate and acetic 
anhydride, and the condensation product on boiling with aqueous 
sodium hydroxide yields as one of the products of the decomposi- 
tion the substance melting at 82°. The melting point of a mixture 
made from the specimens derived from nitrosafrole and from 
nitropiperonal was 82°. Nitropiperonal yields 6-nitropiperonylic 
acid on oxidation, and this acid has been converted into hydrastic 
acid, the constitution of which has been proved. 


6-A minosafrole, CH,:O,:C,.H,*N H,*CH,*CH:CH,. 


In preparing aminosafrole it is essential to employ not much more 
than the stated quantities in any one operation. Nitrosafrole 
(5 grams), together with concentrated hydrochloric acid (20 c.c.) 
and granulated tin (12 grams), was heated on a boiling-water bath, 
and the reaction not checked in any way. When the reduction was 
finished (several such experiments were combined) the solution was 
diluted with water, and rendered strongly alkaline by means of 
sodium hydroxide. The amine was extracted with ether, the dried 
ethereal solution evaporated, and the residue distilled under dimin- 
ished pressure. In this first distillation frothing was troublesome, 
and everything which passed over above 120°/15 mm. was collected. 
The substance was again distilled under the same pressure, and the 
fraction 160—170° collected. This was diluted with dry ether, and 
the solution allowed to remain some hours in the ice-chest, when a 
colourless, crystalline compound separated, and was removed by 
filtration. The ethereal solution was again distilled, and the pure 
amine obtained as a colourless oil boiling at 168°/15 mm.: 

0°1280 gave 0°3174 CO, and 0°0735 H,O. C=676; H=6'4. 

C,yH,,0,N requires C=67°8; H=6°2 per cent. 
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6-A minosafrole crystallises when cooled in a freezing mixture, but © 
melts again on approaching the ordinary temperature. On exposure 
to air the colourless oil gradually becomes converted into a black, 
tarry mass. The base is readily soluble in organic solvents, and to 
some extent in water, but is only to a small extent volatile in 
steam. Its salts are sparingly soluble; the hydrochloride crystal- 
lises from water in colourless needles, and the sulphate is sparingly 
soluble in alcohol, and may be used for the purification of the 
amine. 6-Aminosafrole in aqueous suspension gives an intense 
violet coloration and precipitates with ferric chloride in the cold, 
while on boiling the precipitate turns brown, and the steam 
contains a substance with an odour of »-benzoquinone. 

Safroleazo-B-naphthol.—_The base may be quantitatively diazo- 
tised, and the diazonium chloride is rather stable, and not quickly 
decomposed on boiling the solution. With 8-naphthol and sodium 
acetate an azo-dye is produced, and separates from acetic acid in 
deep crimson, flat needles, with green metallic reflex, melting at 
166—167°. This colouring matter dissolves in sulphuric acid to 
an intense blue solution. When a solution of safrolediazonium 
chloride was warmed with alkaline stannous chloride the odour of 
safrole became apparent. 

6-A cetylaminosafrole, CH ,:0,°C,H,(NH:CO-CH,)-CH,°CH:CHg. 
—This derivative is readily obtained by mixing equal volumes of 
the base and acetic anhydride, when heat is developed and the mass 
becomes solid. After decomposing the excess of acetic anhydride by 
water, the substance was collected, and crystallised from methyl 
alcohol, being so obtained in slender, colourless needles melting 
at 163°: 

0°1778 gave 0°4278 CO, and 01018 H,O. C=65°6; H=6°3. 

C,,H,,0,N requires C=65°75 ; H=5°9 per cent. 

The substance is sparingly soluble in alcohol, and crystallises with 
readiness, so that in its preparation it is unnecessary to purify the 
amine as described above, the crude oil being simply mixed with 
acetic anhydride. 


Acetylaminosafrole Dibromide, 
CH,:0,:C,H,(NH-CO-CH;)°CH.°CHBr-CH,Br. 


This compound is conveniently obtained under the following con- 
ditions: Acetylaminosafrole (5 grams) was dissolved in hot chloro- 
form (30 c.c.), and the solution cooled with stirring so as to obtain 
the crystals, which separate in a fine state of division. A solution 
of bromine (3°7 grams) in chloroform (2°5 c.c.) was then gradually 
added. The acetylamino-compound dissolved, and the dibromide 
crystallised out, and, when the reaction appeared to be complete, 
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was collected. A further quantity was obtained by evaporation 
of the solvent and treatment of the residue with methyl! alcohol. 
It was found that even when an excess of the solution of bromine 
in chloroform was employed no compound other than the dibromide 
was obtained. The derivative was crystallised from ethyl alcohol, 
and obtained in characteristically slender needles, quite colourless, 
and melting at 191°. It is sparingly soluble in alcohol, ether, or 
chloroform : 

0°1239 gave 0°1254 AgBr. Br=42°2. 

C,.H,,0,NBr, requires Br=42°9 per cent. 

By-product obtained in the Reduction of 6-Nitrosafrole.—This sub- 
stance, as already mentioned above, was separated from the twice- 
distilled 6-aminosafrole by taking advantage of its sparing solu- 
bility in ether. It was crystallised by solution in methyl] alcohol, 
in which it is readily soluble in the cold, and precipitation with 
ether. The colourless needles melted and decomposed at 215°. 
Unfortunately, the quantity obtained was too small to enable us to 
make a satisfactory examination of the composition of the sub- 
stance, but it is neutral, and imparts an orange colour to a pine- 
shaving moistened with hydrochloric acid. This would seem to 
involve the occurrence of an indole nucleus in its molecule, 
although, on the other hand, the compound yielded no coloration 
with p-dimethylaminobenzaldehyde. 


6:7-Methylenedioxy-2 :3-dimethylquinoline, 
of \“ \cu 
CBS | oon® 
“rie 
N 


This base is obtained by treatment of acetylaminosafrole with 
phosphoryl chloride under the following simple conditions: The 
amide (5 grams) was heated with phosphoryl chloride (20 c.c.) until 
the vigorous reaction set in. This was allowed to end without 
further heating, and the mixture was then boiled for five minutes. 
The product was decomposed by water, when all but a small residue 
remained in the yellow solution. The filtered liquid was basified 
with ammonia and extracted with ether, and the ethereal solution 
washed, dried, and evaporated. The residual base could not be 
induced to crystallise, and was therefore dissolved in acetone 
(15 c.c.) and mixed with a solution of picric acid (5 grams) in the 
same solvent (15 c.c.), after which the picrate, which crystallised 
in prisms, was collected and recrystallised from acetone. The 
canary-yellow substance darkens, when heated, at 165°, and then 
meits and decomposes at 170°: 
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0°2118 gave 22°0 e.c. Ny at 15° and 758 mm. N=13°4. 
C,.H,,0.N,C,H,0,N., requires N=13°0 per cent. 

The pure picrate was decomposed by means of aqueous potassium 
hydroxide in the presence of ether, the ethereal solution being 
repeatedly washed with dilute alkali in order to remove the last 
: traces of picric acid. The liquid, which exhibited intense green 
fluorescence, was dried by solid sodium hydroxide, filtered, and the 
solvent removed by distillation. The pale yellow oil did not 
crystallise, and after drying in a vacuum gave the following analyti- 
cal results: 

01431 gave 0°3733 CO, and 0°0720 H,O. C=711; H=5°6. 

C,oH,,0.N requires C=71°6; H=5'5 per cent. 

This substance had all the chemical properties associated with 
quinoline derivatives, and condensation reactions similar to those 
of quinaldine were observed with benzaldehyde and phthalic anhy- 
dride. It is not affected by nitrous acid, and its salts, namely, the 
sulphate, hydrochloride, and acetate, are readily soluble in water. 
Sparingly soluble precipitates are obtained when its solution in 
dilute hydrochloric acid is mixed with platinic chloride, mercuric 
chloride, or concentrated ferric chloride solutions. 


5 :6-Methylenedioxy-2-methylindole, 
CH 

ff 

] CH.<O ( CCH, 

4 WVPZ 

F NH 


6-Acetylaminosafrole dibromide (10 grams) was boiled with ethyl 
alcohol (100 c.c.) and potassivm hydroxide (40 c.c. of a 50 per cent. 
aqueous solution) during a quarter of an hour. After dilution with 
water the substance gradually crystallised from the milky liquid, 
and was collected and recrystallised from methyl alcohol, and then 
from light petroleum (b. p. 50—60°), being so obtained in colourless 
needles melting at 152°: 

0°1218 gave 0°3047 CO, and 0°0568 H,O. C=68'2; H=5-2. 

C,y)H,O,N requires C=68°6 ; H=5'l per cent. 

The compound is readily soluble in organic solvents with the 
exception of light petroleum, in which even when hot it is sparingly 
soluble. It dissolves in concentrated hydrochloric acid, but the salt, 
is dissociated by water, and the indole derivative is precipitated. 
In its colour reactions it shows the greatest similarity to 2-methyl- 
indole. A pine-shaving in an alcoholic hydrochloric acid solution 
of the substance acquires an intense crimson colour, and a similar 
shade is produced in quite dilute acid solution with p-dimethyl- 
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aminobenzaldehyde: The picrate forms intensely red solutions, but 
consists in the solid state of yellow needles, whilst the benzylidene 
derivative, prepared analogously to that of 2-methylindole, yields a 
rosindole on treatment with ferric chloride in alcoholic or acetie 
acid solution. 


A nhydrocotarnine-5 : 6-methylenedioxy-2-methylindole, 
C,H,0,°C H—C——O,H,.0,-CH, 
C,H,—-NMe CMe-NH : 


Cotarnine (3 grams) and 5:6-methylenedioxy-2-methylindole 
(4 grams) were dissolved in ethyl alcohol (15 c.c.), and the mixture 
allowed to remain overnight. The crystals which had separated 
were collected and recrystallised from ethyl alcohol, in which the 
substance is sparingly soluble. The colourless needles melted at 
130—135° with evolution of gas, which appeared to be derived from 
solvent of crystallisation. The substance was again crystallised 
from benzene, and obtained in satiny needles, which after exposure 
to a vacuum for several hours melted and decomposed at 207° with 
previous reddening : 

0°1149 gave 0°2832 CO, and 0°0584 H,O. C=67'2; H=5'7. 

C..H0;N, requires C= 67:0; H=5'6 per cent. 

The substance is readily soluble in benzene, chloroform, or 
acetone, but sparingly so in alcohol or light petroleum. It yields a 
sparingly soluble hydrochloride and yellow picrate, but is readily 
soluble in dilute aqueous acetic acid, and is recovered unchanged 
from the cold solution on the addition of ammonia. When, however, 
the solution of the base in glacial or dilute acetic acid is boiled, 
cotarninium acetate and 5:6-methylenedioxy-2-methylindole are 
produced. In cold aqueous alcoholic hydrochloric acid solution no 
coloration is observed on the addition of p-dimethylaminobenz- 
aldehyde, whereas, on warming, the characteristic magenta colour 
quickly appears, and this reaction must be ascribed to an hydro- 
lysis similar to that which is caused by hot acetic acid. It follows 
that the active hydrogen atom which is involved in the condensa- 
tion of the original indole derivative with cotarnine is also that 
which is responsible for the colour reaction with p-dimethylamino- 
benzaldehyde. Very numerous observations indicate that it is the 
B-position in the pyrrole ring which is attacked by aldehydes, and 
we have therefore adopted the constitution shown at the head of 
the section for our condensation product. Moreover, we have been 
unable to isolate any definite product resulting from the condensa- 
tion of cotarnine and 2:3-dimethylindole. Anhydrocotarnine-2- 
methylindole was prepared by Hope and Robinson (T., 1913, 108, 
361), and the opinion was expressed that the cotarnine residue had 
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become attached to the imino-group. It seems more probable, how- 
ever, that the constitution of the substance is correctly represented 
by an expression analogous to that chosen for its methylenedioxy- 
derivative. 


isoSafrole Dibromide and Bromoisosafrole, 
CH,:0,:C,H,-;CHBr-CHBr-CH, and 
CH,-:0,:C,H,*CBr:CH-CH, or 
CH,-0,:C,H,°CH:CBr-CHs. 


There is some confusion in the literature in regard to the action 
of bromine on isosafrole. We find that bromination in carbon 
disulphide solution proceeds normally to the dibromide, which on 
distillation loses a molecule of hydrogen bromide; whilst an excess 
of bromine in chloroform solution leads to the production of a 
bromoisosafrole dibromide, which has one of the bromine atoms in 
the aromatic ring. 

isoSafrole (10 grams) in carbon disulphide (15 grams) was treated 
with a solution of bromine in twice its volume of carbon disulphide 
until the bromine was no longer absorbed. After the removal of 
the solvent by distillation, the residual oil was washed in ethereal 
solution with aqueous sodium carbonate, dried, and the ether eva- 
porated, after which the oil was exposed to a vacuum and analysed. 
A bromine estimation (Found, Br=46°4) showed that the main 
constituent of this product was isosafrole dibromide (Br=49°7 per 
cent.). This crude dibromide was distilled under diminished pres- 
sure, when hydrogen bromide was evolved, and a more mobile oil, 
bromoisosafrole, boiling at 145—150°/15 mm., was obtained : 

0°2218 gave 0°1721 AgBr. Br=33°0. 

C,)H,O,Br requires Br=33°2 per cent. 


i s(t. 
Piperonylallylene, CH,<O iC2C CH; 


i 

Monobromovsosafrole (9 grams) was heated during two and a-half 
hours with methyl alcohol (14 c.c.) and powdered potassium hydr- 
oxide (7°5 grams) at 125°. The product, when cold, was poured 
into water, and the whole extracted with ether. The dried ethereal 
solution was then distilled, and the following fractions collected : 
(a) up to 141°, (6) 141°, (c) 141—-150°; (6) consisted of the pure 
acetylene derivative, and crystallised completely, whilst (a) and (c) 
also yielded crystals, especially when these fractions were cooled in 
a freezing mixture. The crystals were freed from oily impurities by 
contact with porous porcelain, and crystallised from light petroleum 
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(b. p. 50—60°). The substance was obtained in this way in colour- 
less prisms melting at 42—43°: 

0°1249 gave 0°3413 CO, and 0°0584 H,O. C=74:5; H=5'2. 

C,»>H,O, requires C=75°0; H=5'0 per cent. 

Piperonylallylene is very readily soluble in organic solvents, and 
dissolves quite readily in boiling light petroleum. It has an odour 
strongly resembling that of safrole, and is to a small extent volatile 
in steam. It dissolves in sulphuric acid, yielding an intense purple 
solution, from which water precipitates a voluminous blue sub- 
stance. This interesting change is apparently quantitative and 
simple, but we can offer no suggestion as to the nature of the 
reaction. 

3:4-Methylenediozyproyiophenone, CH,:0,:C,H,*CO-CH,°CHs, 
which has already been prepared by Wallach and Pond (Ber., 1895, 
28, 2719), is readily obtained when piperonylallylene (5 grams) is 
boiled with ethyl alcohol (60 c.c.), water (60 c.c.), and sulphuric 
acid (20 c.c.) for three hours. The residue, obtained after extrac- 
tion with ether and evaporation of the solvent, crystallised after 
some time. The substance was crystallised from ice-cold alcohol 
containing a little water, and the satiny needles so obtained melted 
at 38° (Wallach and Pond, /oc. cit., give 39°). The oxide was also 
prepared and crystallised from ether; it was found to melt, as 
stated by Wallach and Pond, at 104°. 
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CLXXXIII.—Studies in Substituted Quaternary Azonium 
Compounds Containing an Asymmetric Nitrogen 
Atom. Part II. Resolution of Phenylbenzylmethyl- 
azonium Iodide into Optically Active Components. 


By Bawa Karrar SINGH. 


In the present paper the resolution of another enantiomorphous 
compound the optical activity of which is due to the presence of an 
asymmetric nitrogen atom is described. The author has already 
shown (T., 1913, 103, 604) that phenylmethylethylazonium iodide 
is capable ot resolution, but as the value of the molecular rotatory 
power of the phenylmethylethylazonium ion is low, it was thought 
that it would be desirable to extend this new series, 

R,R,R,XN-NH,, 
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by the resolution of other members possessing high rotation con- 
stants, thereby also accumulating data connecting constitution with 
optical rotatory power. With this object the resolution of phenyl- 
benzylmethylazonium iodide was undertaken. 

The azonium iodide referred to above was produced in two 
different ways, namely, by the action of methyl iodide on pheny]l- 
benzylhydrazine and of benzyl iodide on phenylmethylhydrazine. 
The asymmetric azonium iodide was the main product of both the 
reactions, besides small amounts of by-products which were formed 
owing to substitution having taken place. 

It may be suggested that phenylbenzylmethylazonium iodide 
may dissociate into the three secondary hydrazines, the formation 
of which is possible, namely, phenylmethylhydrazine, benzylmethy]l- 
hydrazine, and phenylbenzylhydrazine, and the corresponding alkyl 
iodides, and these combinations, in turn, are capable of giving rise 
to different substituted azonium iodides having two similar radicles, 
but that in the action of benzyl iodide on phenylmethylhydrazine, 
under the experimental conditions, benzyldimethylazonium iodide 
is the only by-product. 

Other instances of displacement of alkyl groups similar to the 
above have been recorded in the cases of the quaternary ammonium 
compounds (Pope and Read, T., 1912, 101, 519; Jones, T., 1903, 
83, 1408; 1905, 87, 1721; and Wedekind, Ber., 1905, 38, 438), 
as well as in those of sulphonium compounds (Dehn, Annalen 
Suppl., 4, 83). 

The thermal decomposition of phenylbenzylmethylazonium hydr- 
oxide has also been studied. It is found that in ‘aqueous alcoholic 
solution the azonium hydroxide decomposes on heating at the 
temperature of the water-bath into phenylbenzylhydrazine and 
methyl alcohol. The secondary hydrazine was identified as its 
hydroferrocyanide, and in this connexion it may be mentioned that 
a general method for the identification of secondary hydrazines 
by means of their hydroferrocyanides is developed. These com- 
pounds have not hitherto been investigated, and in order to 
establish their composition they were directly prepared for this 
purpose. 

Resolution.—The resolution of phenylbenzylmethylazonium iodide 
was effected by means of Reychler’s silver d-camphor-8-sulphonate, 
and Armstrong and Lowry’s silver d-a-bromocamphor-A-sulphonate 
(T., 1902, 81, 1441). The hydrogen d-tartrate could only be 
obtained as an oil, which could not be crystallised. 

Pope and Read recognised (T., 1910, 97, 987) that three cases 
may occur when an externally compensated base is crystallised with 
an optically active acid: (1) the two salts, dB7A and /BdA, crystal- 
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lise separately, so that each may be readily isolated; (2) a partly 
racemic compound, dB/B,2dA, may be formed, in which case resolu- 
tion is impossible; (3) each crystal which separates may contain 
both salts, ZAdB and dA/B, but in varying proportions; in other 
words, the two salts form solid solutions one in the other, which can 
only be partly separated by prolonged fractional crystallisation. 
Type 3 is well illustrated in the crystdllisation of externally com- 
pensated sodium 1-methylceyclohexylidene-4-acetate with brucine 
hydrochloride (Perkin, Pope, and Wallach, T., 1909, 95, 1790; 
Pope and Read, T., 1910, 97, 987), and similar behaviour is met 
with in the cases of the camphor-8-sulphonate and a-bromocamphor- 
B-sulphonate of phenylbenzylmethylazonium. In the case of the 
camphorsulphonate, when about one-sixth of the salt dAdB (melt- 
ing point 177°) has separated out in an almost pure condition (see 
experiment 1, p. 1980), the next fractions exhibit molecular rotatory 
powers, +36°4° and +28°57°; these, therefore, consist of 43°9 and 
40°6 per cent. respectively of dAdB salt, the rest being made up 
of the JBdA component. In the second experiment with the same 
salt (see p. 1980) about one-eighth of the salt dBdA separates out 
in an almost pure condition. The last fractions exhibit molecular 
rotatory powers, +34°5° and +30°9°, and, therefore, consist of the 
two salts dZAdB, dA/B, in the form of their solid solutions one in 
the other, containing 43 and 41°5 per cent. of the dBdA component 
respectively. The points bearing on the lowering of the melting 
point obtained in experiments 1 and 2 may be considered as 
follows : 

As the amount of the salt: 7BdA increases in the solid solution, 
the melting point falls to 172—173° and 168—169°, having values 
for [Mjp +36°4° and +34°5°, thus containing 43°9 and 43 per cent. 
of the salt dBdA. The melting point again rises to 171° with 
[M],, +28°57°, and thus containing 40°6 per cent. of the salt dBdA. 
This, therefore, suggests that the eutectic mixture of the two salts 
above referred to melts in the neighbourhood of 167—168°, and 
thus consists of about 41°5 per cent. of the salt dBdA and 58°5 per 
cent. of dBdA. 

In the case of the bromocamphorsulphonate about one-third of 
the salt dBdA separates out in an almost pure condition. The next 
fractions which are obtained have molecular rotatory powers rang- 
ing from +247° to +261°. Further crystallisations in different 
solvents and at lower temperature do not bring about any appre- 
ciable resolution. From this it must be concluded that the two 
component salts have here also formed solid solutions one in the 
other. The pure dBdA salt melts at 197°, and as the amount 
of IBdA component increases in the solid solution, the melt- 
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ing point falls to 175—178° with [MJ], +325°1°, and thus 
consisting of about 53°6 per cent. of the salt dBdA and 46°4 per 
cent. of the salt JBdA. The original unresolved salt consisting of 
50 per cent. of each component melts at 173—175°. The melting 
point further falls to 165—166° with [M],, + 261°5°, thus consisting 
of about 21°5 per cent. of the salt dBdA and 78°5 per cent. of the 
salt JBdA. It again rises to 167—168° with [MJ], +253°5°, thus 
corresponding with about 17°4 per cent. of the salt dBdA and 82°6 
per cent. of /BdA. It follows, from the above, that the eutectic 
mixture melts in the neighbourhood of 165—166°. 

It has been pointed out above that the first fractions of highest 
melting point represent the dBdA components in the pure state. 
This statement is further supported by the fact that the d-picrates 
obtained from the camphorsulphonate and the bromocamphor 
sulphonate give identical values for the molecular rotatory power, 
thus indicating that complete resolution has taken place in the case 
of the first fractions. In this connexion it may be pointed out 
that in view of the difficulties which are experienced in resolving 
externally compensated compounds, the importance of working 
with more than one optically active salt for resolution cannot be 
over-estimated. This need becomes still more apparent when it is 
remembered that there is no quantitative relation connecting optical 
rotation constants with constitution. 

The d-8-camphorsulphonate gives the maximum molecular rota- 
tory power for the d-phenylbenzylmethylazonium ion, 

C,H;-NMePh(NH,)’, 
as [M], about +119° in aqueous solution; the d-a-bromocamphor- 
B-sulphonate as about +99°, the d-iodide as about +98°, both in 
methyl alcohol; and the d-picrate as about +89° in methyl alcohol, 
and about +254° in chloroform solution. These values present a 
very marked contrast to the maximum rotation constant for the 
l-phenylmethylethylazonium ion as [M],, about —30° (loc. cit.). It 
may, therefore, be inferred that the ethyl group has a great inhi- 
biting effect on the value of the rotation constant, and this conclu- 
sion becomes strengthened when a similar comparison is made in 
the case of the quaternary asymmetric ammonium compounds. The 
ethyl compound of the phenylbenzylmethylammonium series has for 
the asymmetric ammonium ion [M], about + 64°, the propyl and 
the isopropyl compounds have —299° and —398° respectively. In 
the phenylmethylallylammonium series the ethyl compound gives 
for the basic ion, [M], +16°, and the n-propyl and the isopropyl 
compounds give [M], +106° and —103° respectively. Yet in 
another class of compounds, namely, those investigated by Meisen- 
heimer, the value of [M], for hydroxyphenylmethylethylammonium 
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chloride, OH-NMeEtPhCl (Ber., 1908, 41, 3966), and for hydroxy- 
B-naphthylmethylethylammonium hydroxide, 

C,,H,-N MeEt:0,3H,O 
(A nnalen, 1911, 385, 117) is only 41° and 39° respectively. The 
above comparison clearly points to a constitutive effect, which is 
conditioned to some extent at least by the presence of an ethyl 
group in the molecule. 

No mutarotation has been observed in the case of the compounds 
described in the present paper, either on keeping or on heating 
their solutions. This is the more remarkable as solutions of the 
salts of phenylmethylethylazonium undergo inversion on keeping 
(loc. cit.). The influence of solvents on the rotation constants of 
phenylbenzylmethylazonium salts is very marked. The molecular 
rotatory power is almost three times as great in chloroform as in 
methyl! alcohol or acetone. 

The dl-salts have, in all the cases examined, higher melting points 
than the corresponding d-salts. It may, therefore, be concluded 
that they are not dl-mixtures (conglomerates), although the question 
as to whether they are racemic compounds or pseudo-racemic mixed 
erystals is left open. 


EXPERIMENTAL, 
Phenylbenzylmethylazonium Iodide, C,H,;*NMePhI:NHs. 


This substance was prepared by two different methods: 

(a) By the Action of Methyl Iodide on Phenylbenzylhydrazine.— 
Phenylbenzylhydrazine (20 grams) was mixed with one molecular 
proportion of methyl iodide (15 grams) in the presence of a little 
ether; the mixture was cooled in ice, and the white, crystalline 
substance which separated overnight (10°2 grams), on recrystal- 
lisation from hot alcohol, melted and decomposed at 122°. 

The mother liquor, on keeping for ten days, deposited a very 
small quantity of a crystalline material (about 0°2 gram), which 
after recrystallisation from alcohol and ether melted and decom- 
posed at 186—187°: 

0°2077 gave 0°1857 AgI. I=48°31. 

The substance cannot be phenyldimethylazonium iodide (which 
requires [=48'1 per cent.), for the latter melts and decomposes 
at 126—127°, as is shown below. 

(6) By the Action of Benzyl Iodide on Phenylmethylhydrazine.— 
An ice-cold ethereal solution of phenylmethylhydrazine (25 grams) 
was added to one molecular proportion of an ethereal solution of 
benzyl iodide (45 grams), also cooled in ice. The crude product 
(34°5 grams), after recrystallisation from hot alcohol, melted and 
decomposed at 122°. The azonium iodide turns red a few degrees 
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below its melting point. A mixture of the azonium iodide obtained 
by the two different methods gave the same melting point; the 
second method of preparation gave much the better yield. It 1s 
soluble in methyl alcohol or acetone, less so in ethyl alcohol or 
chloroform, very sparingly so in cold water, and insoluble in 
benzene or ether: 


0°3837 gave 0°2650 AgI. I=37°32. 
02189 ,, 0°3990 CO,, 0°1077 H,O, and 0°0816 I (by Denn- 
stedt’s method). C=49°7; H=5°44; I[=37-28. 
C,,H,;N,I requires C=49°4; H=5°0; 1=37°35 per cent. 

It may be pointed out that the cooling and dilution of the 
reaction mixture with ether are both essential for the formation 
of the quaternary azonium iodide. If they are omitted, the 
reaction becomes very violent owing to rise of temperature with 
copious evolution of irritating vapours of benzyl iodide. Only a 
dark, tarry product remains behind, from which no crystalline 
substance can be isolated. 

The mother liquor from the action of benzyl iodide on phenyl- 
methylhydrazine yielded a small, crystalline crop (2°3 grams) of 
higher melting point. It was recrystallised three times from hot 
alcohol, and melted and decomposed at 125°. This salt does not 
turn red below its melting point, but only acquires a yellow colour: 

0°1359 gave 0°1947 CO, and 0°0680 H,O. C=39°07; H=5°56. 

0°1165 ,, 99 c.c. Ny (moist) at 27° and 761°6 mm. N=9°45. 

01750 ,, 0°1479 AgIl. I=45°67. 

C,H,;NoI requires C=38'°84; H=5°4; N=10°07; [=45'61 per cent. 

The above analytical data agree with those for benzyldimethyl- 
azonium iodide. 

dl-Phenylbenzylmethylazonium chloride crystallises in thin, 
colourless prisms, which melt and decompose at 158—159°. It is 
very readily soluble in water or alcohol, but insoluble in benzene 
or ether: 


0°39655 gave 0°23015 AgCl. Cl=14°36. 
C,,H,,N,Cl requires Cl=14°28 per cent. 

The corresponding platinichloride crystallises from boiling water 
acidified with hydrochloric acid in orange-coloured needles melting 
and decomposing at 162°. It is insoluble in cold water, as well 
as in organic solvents, Lut dissolves in much boiling water: 


0°2182 gave 0°0507 Pt. Pt=23°23. 
(C\4H,,N2).PtCl, requires Pt= 23°40 per cent. 


The aurichloride is almost insoluble in cold water, but dissolves 
in boiling water, from which solvent, in the presence of hydrochloric 
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acid, it separates in yeliow, stout prisms, melting and decomposing 
at 134°: 

0°2151 gave 0°07715 Au. Au=35°87. 

C,,H,,N,AuCl, requires Au=35°71 per cent. 

The hydroferrocyanide, (C;H,-NMePh:NH,);,H;Fe(CN),., is 
almost insoluble in water or organic solvents, and is obtained as a 
white precipitate by mixing aqueous solutions of potassium ferro- 
cyanide and the azonium chloride in the presence of a mineral 
acid. It does not melt, but decomposes gradually on heating. In 
composition it corresponds with an acid salt: 

0°3404 gave 0°0531 Fe,O,. Fe=10°9. 

C5,Hs¢NisFe requires Fe=10°46 per cent. 

The hydroferricyanide, (C,;H;;-NMePh-NH,),,HFe(CN),, is 
soluble in water or methyl alcohol, insoluble in chloroform or ether, 
and crystallises in yellow prisms, which melt and decompose at 
140°. In composition it also corresponds with an acid salt: 

0°3006 gave 0°0379 Fe,O,. Fe=8'81. 

0°0684 ,, 12°9c.c. N, (moist) at 23°5° and 763 mm. N=21°29. 

Cy,Hs;N,)Fe requires Fe=8'74; N=21°92 per cent. 
Cy,H3;N,Fe,H,O requires Fe=85; N=21°31 per cent. 


As the salt, on keeping in the steam-oven, undergoes decomposi- 
tion with change of colour, its water of crystallisation could not be 
directly determined. 


dl-Phenylbenzylmethylazonvum Mercuri-odides. 


I. (C,H,-NMePhI-NH,).,HgI,, prepared from the azonium 
iodide and mercuric iodide (one-half molecular proportion), crystal- 
lises from methyl alcohol in colourless prisms, melting and decom- 
posing at 135—136° to a green liquid. It is very readily soluble 
in acetone, moderately so in methyl alcohol, sparingly so in cold 
alcohol, but more so in hot, and is insoluble in ether or water: 

0°2765 gave 11°65 c.c. N, (moist) at 22° and 765°6 mm. N=4’8l. 

C.3Hy,N,I,Hg requires N=4°94 per cent. 

II. C,H,;;-NMePhI-NH,,HglI,, prepared from one molecular pro- 
portion of mercuric iodide, separates from alcohol in yellow prisms, 
melting and decomposing at 128—129° to a green liquid. It is 
very readily soluble in acetone or methyl alcohol, sparingly so in 
ethyl alcohol, and insoluble in ether, chloroform, or water: 

0°1725 gave 5°6 c.c. Nz (moist) at 24° and 762°8 mm. N=3'66. 

C,,H,,N.I;Hg requires N=3'53 per cent. 

The dl-picrate, C;H;>NMePh(NH,)-O-C,H,O,N3, crystallises from 
alcohol, in yellow prisms, melting and decomposing at 152°. It is 
very readily soluble in acetone, moderately so in methyl alcohol, 
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somewhat less so in cold alcohol or chloroform, but more so in hot; 

it is insoluble in ether or water: 

0°0920 gave 12°8 c.c. N, (moist) at 23°5° and 763°5 mm. N=15°72. 
Cyy»H,,0,N, requires N'=15°87 per cent. 

The azonum hydroxide, C,H;,7NMePh(OH)-NH,, is strongly 
alkaline, and can only be obtained as a syrup. Its alcoholic 
solution, on being heated on the water-bath for some time, becomes 
turbid, and decomposes according to the equation: 

C,H,;-NMePh(OH)-NH,=C,H,-NPh-NH, + MeOH. 

Contrary to expectation, the methyl group is eliminated, and the 
heavier benzyl radicle remains attached to the nitrogen atom. The 
secondary hydrazine was identified as its hydroferrocyanide (Found, 
Fe=8'63; N=21°50. Calc., Fe=8°61; N=21°61 per cent.). 

Phenylbenzylhydrazine hydroferrocyanide, 

(C,H,-NPh-NH,),,H,Fe(CN ),,2H,O, 
separates as an amorphous, white precipitate by mixing an aqueous 
solution of potassium ferrocyanide with an acidified solution of 
phenylbenzylhydrazine. It is insoluble in water, but dissolves in 
alcohol. It does not melt, but begins to decompose gradually on 
heating : 

0°2830 gave 0°0347 Fe,O;. Fe=8°57. 

0°0831 ,, 15°5 c.c. Nz (moist) at 21° and 766 mm. N=21°41. 

C3.H oN ,9Fe,2H,O requires Fe=8°61 ; N=21°61 per cent. 

As the salt undergoes decomposition in the steam-oven, its water 
of crystallisation could not be determined, but analyses show that 
it contains 2H,O. 

Phenylmethylhydrazine hydroferrocyanide, 

(NMePh-NH,),,H,Fe(CN),, 
is similarly obtained in colourless prisms. It is soluble in cold 
water, but less so in alcohol. 

It does not melt, but decomposes on heating: 

0°3030 gave 0°0355 Fe,O,. Fe=8'19. 

0°1686 ,, 0°0192 Fe,O;. Fe=7°96. 

0°0836 ,, 19°5 c.c. Ny (moist) at 19° and 771°5 mm. N=27-22. 

0°0794 ,, 188c.c. N, (moist) at 21° and 769°7 mm. N=27°31. 

Cy,H,,N,,Fe requires Fe=7°93 ; N=27°85 per cent. 
Cy,H,,N,,Fe,1H,O requires Fe=7°73 ; N=27°15 per cent. 


Phenylbenzylmethylazonium d-Camphor-B-sulphonate, 
C,H,*N MePh(NH,):0,8°C,,.H,,0. 


Finely powdered phenylbenzylmethylazonium iodide (30°5 grams) 
was added in small quantities at a time to one molecular proportion 
of silver d-camphor-8-sulphonate dissolved in boiling ethyl acetate 
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moistened with a few drops of water, on the water-bath. The 
contents of the flask were kept shaken, and after the addition of 
the whole of the azonium iodide, the heating was continued for 
some time to complete the reaction. The ethyl acetate was distilled 
off, and the residue consisting of the azonium camphorsulphonate 
and silver iodide was extracted with methyl alcohol until only 
silver iodide remained behind. The camphorsulphonate obtained in 
this way melted at 170—171°. It is very readily soluble in methyl 
alcohol or chloroform, moderately so in alcohol or water, sparingly 
so in benzene, but insoluble in ether: 

0°1063 gave 0°2537 CO, and 0°0707 H,O. C=65°'09; H=7°39. 

C,,H3,0,N.S8 requires C=64°86; H=7'21 per cent. 

The above camphorsulphonate was subjected to fractional crystal- 
lisation by dissolving it in the least possibly quantity of cold methyl 
alcohol, and precipitating by gradual addition of ether. 

Experiment I was conducted with 12 grams of the substance 
melting at 170—171°: 

Yield in M.p. Substance 
Fraction. grams. taken in 


grams. oy (a],.* 
5—176° 0:4383 -{|-1-61° + 36-55° 


21 #17 
2:0 172—173 0-2790 0-23 8-2 
‘0 


4 171° = 2629 0-17 6-43 


Fraction A was subjected to further crystallisations in the same 
way with the following results: 


0». [a]p. [M].. 
2nd recrystallisation—m. p. 176°; 0-2931 gram of 
substance +-1-03° +34-8° + 154-5° 
After 68 hours 107 365 162-06 
3rd recrystallisation—m. p. 176° ; 0-3759 gram of 
substance 1-37 36-2 161-3 
After 4 hours 1:38 36-56 162-3 
4th recrystallisation—m. p. 176—177° ; 0.3455 gram 
of substance 1:26 36-3 161-2 
After 96 hours 1:25 36:0 159-9 


The rotatory power was determined in water at 29—30°. 


Experiment II was similarly made with 19 grams of salt having 
[M], +66°9°: 
Yield in Substance 
Fraction. grams. M.p. takeningrams. 4). [a]. [M]p. 
174—-175° 0-1861 -+-0-56°  29-95°  133-0° 
172—174 0-2669 0-35 13-06 57-95 
167—168  0-1572 O11 696 30-9 
168—169 0-2334 0-18 767 34:5 
* The given weight of the substance was dissolved in 199 c.c. of the solvent 
and the rotatory power determination was made in a 2-dem. tube about thirty 
minutes after solution. This applies to all observations recorded in this paper 
unless the contrary is stated. 
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Fraction I was further submitted to fractional crystallisation 
with the following result: 


p: ps M)p. 
3rd crystallisation—m. p. 175—176° ; 0-2297 gram : se ie 
of substance +0-84° +36-4° +161-6° 
After 16 hours 35-1 155-8 
4th crystallisation—m. p. 177° ; 0-1037 gram of sub- 
stance 38-4 170-5 
0-40 38-4 170-5 
The value of [M],, was not raised by further crystallisation. The 
fraction melting at 176—177°, and having [M], +170° represents, 
therefore, the pure d-phenylbenzylmethylazonium d-camphor-f- 
sulphonate. 
The rotatory power was determined in water at 29—30°. 
Fractions III and IV from the second experiment, and B and C 
from the first experiment, which amounted to about 17 grams, were 
mixed together, and had [M], ranging from + 29° to +36°. These 
fractions, which contained an excess of the salt of the levo-com- 
ponent of the base, were subjected to a prolonged process of frac- 
tional crystallisation, but without any success at further resolution : 


ap [a]p. [M]>. 

lst recrystallisation—m. p. 167—169°; 0-3474 gram 

of substance +0-285° +8-16° +36-25° 
After 6 hours 8-3 36-9 
3rd recrystallisation—m. p. 170—171° ; 0°2235 gram 

of substance . 7-57 33-6 
Last fraction (mother liquor)—0-1764 gram of 

substance 9-02 40-07 


The last value refers to the solid obtained from the mother 
liquor by evaporating it to dryness in a vacuum desiccator. One 
more recrystallisation from chloroform and ether gave the following 


value: 
Cine [a]p. [M]p. 
0-2132 gram of substance +0-18° +8-44° +437-49° 


It was further recrystallised from acetone and ether, with the 
following result: 


Gu. [a] [M]>. 
0-4713 gram of substance +0:37° +7-81° +34-68° 

The rotatory power was determined in water at 29—30°. 

The lodide, which was precipitated in colourless prisms from an 
aqueous solution of the last fraction of the camphorsulphonate by 
means of potassium iodide, melted and decomposed at 123—124°. 
Its rotatory power was determined with the following result: 

0°1222 in 19°9 c.c. of methyl alcohol gave a, —0°04°, whence 

[a], —3°25° and [M], —11°1°. 
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dl-Phenylbenzylmethylazonium d-a-Bromocamphor-B-sulphonate, 
C,H,*NMePh(NH,):0,8°C,,H,,OBr. 


This salt was prepared from the azonium iodide, and the silver 
salt of Armstrong and Lowry’s d-a-bromocamphor-f-sulphonic acid 
in the same way as the above-described azonium camphorsulphonate. 
The bromocamphorsulphonate, obtained in this way, melted at 
173—175°; the yield was almost theoretical: 

0°1524 gave 0°3052 CO, and 0°0861 H,O. C=546; H=6°28. 

C,,H;,0,N,BrS requires C=55°06; H}=5'93 per cent. 


d-Phenylbenzylmethylazoniwm d-a-Bromocamphor-B-sulphonate. 


The bromocamphorsulphonate (25 grams), as obtained in the 
above way, was subjected to fractional crystallisations as follows: 

It was dissolved in the least possible quantity of methyl alcohol, 
and precipitated by the addition of successive quantities of ether. 


Substance 
Yield in taken in 
Fraction. grams. M. p. grams. ay. [a]> [M]p. 
Original unresolved 
ae — 173—175° 0-1051 +0-643° +60-89° + 318-84° 
BD, ssecesscsece 8-9 195° 0-1829 1-45 78-9 412-6 
Ble sacsiesccoes 6-9 175—178 0-1180 0-737 62:16 325-1 
Bile cctosceccese 2-7 165—166 0-1054 0-50 47-22 247-0 


The rotatory power was determined in methyl] alcohol at 25°. 
Fraction II yielded 2 grams of almost pure dAGB salt (melting at 
196°), which was added to fraction I, and also 3 grams of salt 4 
melting at 167—168° added to fraction III. 
Fraction I (10°9 grams) was further subjected to a similar process 
of fractional crystallisation, and its rotatory power was determined 
in methyl alcohol with the following result: : 


Tempera- 
ture. Ay. [a]. [M]p. 
2nd recrystallisation—m. p. 196—197°; 

0-2657 gram of substance ............. 23° +2-115° +79-23° +414-4° 
PA EI ictccicesccncnsdsscecccsesies 23 2-13 79-77 = 417-3 
3rd_crystallisation—m. p. 196—197° ; 

0-1445 gram of substance ............ 23 1-12 77-11 403-11 
4th recrystallisation—m. p. 197°; 0-1111 

gram of substance ..............sseseeeeee 24 0-873 78-6 411-8 
PD osc ctsccccccsesocssscccsccess 25 0-86 77-41 404-8 
0-1215 gram of substance (19-9 c.c. of 

SII © dbasiccescensnsiecessacatedecs 28 1-057 86-58 452-8 
BRIE TP ITD occcccecscccscecenccescessces 26 1075 88-06 460-5 


The fraction melting at 197° represents, therefore, the pure 
d-phenylbenzylmethylazonium d-a-bromocamphor-f-sulphonate. It 
is moderately soluble in methyl alcohol or water, but insoluble in 
ether or benzene: 


ee a eet 


COMPOUNDS CONTAINING AN ASYMMETRIC NITROGEN ATOM. 1983 


0°1800 gave 0°3641 CO, and 0°:0946 H,O. C=55'15; H=5°84. 
C.,H3,0,N,Br8 requires C=55°06; H=5°93 per cent. 


|-Phenylbenzylmethylazonium d-a-Bromocamphor-B-sulphonate. 


This salt is left behind in the mother liquor: it could not be 
obtained in a pure state, as is evident from a determination of its 
rotatory power. 

Fraction III (5°7 grams) was subjected to a prolonged process of 
fractional crystallisations with the following results: 


Tempera- 
ture. ay [a|p. [M]p. 
2nd crystallisation—m. p. 167—168° ; 
0-0678 gram of substance .............+6 24° +0°33° +48-45° +253-5° 
3rd crystallisation—m. p. 165—166° ; 
0-0866 gram of substance ............ 26-5 0-435 49-99 261-5 
4th crystallisation—m. p. 166—167° ; 
0-1222 gram of substance ............ 26-5 0-60 48-86 255-5 
5th crystallisation—m. p. 165—166° ; 
0-1179 gram of substance ............ 27 0-585 49-38 258-2 


It is evident from the slow resolution that the two salts dAdB 
and dAIB have formed solid solutions one in the other; other 
solvents like chloroform or acetone and the lower temperature of 
melting ice were employed for fractional crystallisation, but no 
further resolution took place. The rotation constants indicate that 
the above fractions consist of about 19 per cent. of salt dBdA and 
81 per cent. of JBdA. The salt is very readily soluble in methyl 
alcohol, acetone, or chloroform, less so in ethyl alcohol or water, 
and insoluble in ether: 

0°1172 gave 0°2382 CO, and 0°0666 H,O. C=55°42; H=6'31. 

C,,H;,0,N,BrS requires C=55°06; H=5°93 per cent. 


d-Phenylbenzylmethylazoniwm Iodide, C;H,*NMePhI-NH,. 


The active iodide was precipitated in white prisms on the addition 
of a concentrated solution of potassium iodide to an aqueous 
solution of the camphorsulphonate (m. p. 177° and |M], +170°5°) ; 
it melted and decomposed at 114°. 

Determination of the rotatory power at 28° gave the following 
result in methyl alcohol: 


0-2022 gram of substance. Ap. [a]o- [M]p. 
NOD | shuiunkidennisapatinbiigsateeciesoncenes -+-0-587° +28-89° +98-22° 
SE NE Maiti nenitihesaibanuieanimbetndeinindnnenninns 0-54 26-58 90-37 
BE NED axbicktndvenmnicamnansanssnisinccinsnnadese 0-49 24:12 82-0 
BET ID dctcnviisdguorarvansarnencsraniacesesoness 0-513 25:35 85-83 


At the time of the last observation the solution in the tube had 
acquired a yellow colour, probably owing to decomposition. The 
chloroform solution of the active iodide acquired a deep yellow 
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colour, and had thus practically cut off most of the light. For 
this reason the value of the rotation constant was untrustworthy 
except in indicating that it was much higher than that in methyl 
alcohol. 


d-Phenylbenzylmethylazonium Picrate, 
C,H,-NMePh(NH,)-O-C,H,O,Ns3. 


The active picrate was prepared by adding a methyl-alcoholic 
solution of the camphorsulphorate or the bromocamphorsulphonate 
of the d-base to a methyl-alcoholic solution of picric acid. On con- 
centrating the solution, yellow prisms separated, which after one 
or more crystallisations from alcohol and ether melted and decom- 
posed at 146—147°. The externally-compensated picrate melts at 
a higher temperature, namely, 152°: 

0°0445 gave 6°2 c.c. N, (moist) at 20° and 7625 mm. N=15'99. 

C)H;,0,N,; requires N=15°87 per cent. 

The rotatory-power determination made with a sample prepared 

from the camphorsulphonate gave the following value: 


0-1055 gram of substance Tempera- 
(in methyl alcohol). ture. Gy). [a]p. [M]p. 
PO A I nivn ccc ccdisscsccicdcc 25° +0-215° +20-27° +89-35° 
BENE FR GED ch dc itesdcciccccscccséccsess 25 0-214 20-19 88-95 


The solution was heated to boiling for half-an-hour under reflux, 
but the rotatory power remained unaltered : 


0-0415 gram of substance Tempera- 
(in chloroform). ture. Gy. [a]p. [M]},. 
After half an hour _................s0006 215° +024 +57-55° +253-8° 
MI I hiencstesnsdscecscccssicces 23 0-23 55-14 243-1 


The optical rotatory-power determination made with a sample 
prepared from the bromocamphorsulphonate gave the following 
value: 


0-0818 gram of substance in Tempera- 


19-9 c.c. of methyl alcohol ture. Gy. [a],. [M],. 
After half an hour _............ccscseees 26° +0-16° +19-86° +87-59° 
PR IN, ccciccincacascccancsocnnas 26 0-157 19-1 84-22 


0-0759 gram of substance in 
20:25 c.c. of chloroform 


After half an hour _.................0005 26:5° +0-427° +56-98° +251-25° 
NE I in. cisnsccioncasnseccnccessss 24 0-428 57-11 251-8 
ID scocsnereccsesicscesesssces 25 0-43 57-38 253-1 


The above agreement in the value of the rotatory power of the 
picrate as obtained from the two different salts indicates that the 
salt dAdB is the pure component. The value of the rotation 
constant is about three times as large in chloroform as in methyl 
alcohol. 


— 
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1-Phenylbenzylmethylazonium Picrate. 


This substance, obtained from the bromocamphorsulphonate of 
the /-base, in the same way as its enantiomorphously related iso- 
meride, melts and decomposes at 146°, and is very readily soluble in 
| acetone or methyl alcohol, less so in chloroform, and insoluble in 
ether or water: 
0°1015 gave 13°8 c.c. N, (moist) at 24° and 763°4 mm. N=15°32. 

C.9H;,0,N; requires N=15°87 per cent. 
The rotatory-power determination gave the following result: 


0-1252 gram in methyl alcohol. Temperature. ap. [a]p. [M]o. 
After half an hour ............cseeeeees 28° —0-18° —14-31° — 63-09° 
ERIE TD BD nstccccncvcssncsssccsoseces 26 0-18 14-31 63-09 

0-0902 gram in chloroform 
After half an hour .........scsssseseees 25° —0-39° —43-03° —189-7° 
BE GSR saienirmen 24 0-38 41-93 184-9 


The rotation constants indicate that about 14 per cent. of the 
d-picrate is present in combination with the /-picrate. 


d-Phenylbenzylmethylazonium Mercuri-iodides. 


I. (C,H;;-NMePhI-NH,),,HglI,, obtained from the bromocamphor- 
' sulphonate of the d-base, resembles the externally compensated salt, 
and melts and decomposes at 128—129°: 


0°1868 gave 8°2 c.c. N, (moist) at 23° and 765°7 mm. N=4'99, 


C.3H3,N,I,Hg requires N=4°94 per cent. 
The following rotatory-power determination was made in 
acetone : 
0-2364 gram of substance. Temperature. ay, [a]o. [M],. 
After half an hour _...........0se000. 26° +0-38° -+-16-0° -+-181-4° 
After 96 hours .........cecccccecceeeee 28 0-26 10:94 124-1 


At the time of the last observation the solution had acquired a 
deep yellow colour. The lower value is due to the solution having 
undergone decomposition. The above rotation constant gives 90°7° 
as the molecular rotatory power for the single phenylbenzylmethyl- 
azonium ion. 

II. C,H,-NMePhI-NH,,HgI, resembles the externally compen- 
sated isomeride, but melts and decomposes at 124° to a green 
liquid : 

0°2312 gave 7°55 c.c. N, (moist) at 23° and 765 mm. N=3°7. 

C,,H,,N,I,Hg requires N=3°53 per cent. 
The following rotatory-power determination was made in acetone: 


Tempera- 
0-1437 gram of substance. ture. ap. [a]p. [M]>. 
After half an hour .............0000+ 26° +-0-16° +11-08° +87-99° 


After 74 hours .....ccccesssscsceeveees 26 0-16 11-08 87-99 
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The d-platinichloride resembles the externally-compensated salt, 
but melts and decomposes at 154°: 

0°2268 gave 0°0534 Pt. Pt=23°54. 

(C\,4H,,N,).PtCl, requires Pt = 23°40 per cent. 

As the substance is insoluble, its rotatory power could not be 
determined. There is no doubt, however, that the substance is 
active, as it melts like other optically active salts, described in this 
paper, at a lower temperature than the externally-compensated 
platinichloride. 

The d-aurichloride is readily soluble in methyl and ethyl] alcohols, 
sparingly so in chloroform, and insoluble in ether or water ; it melts 
at 128—129°: 

0°3269 gave 071168 Au. Au=35°73. 

C,,H,,N,AuCl, requires Au=35'71 per cent. 

The following rotatory-power determination was made in methyl 

alcohol solution : 


Tempera- 
0-1237 gram of substance. ture. Gp. [a]p. [M]o. 
After half an hour .................. 245° +0-18° +14-48° +'79-92° 
NN TD cikticdceccavescccscesscs 24-5 0-19 15-28 84-34 


Phenyldibenzylazonium Iodide, NPh(C;H,),I-NHg. 


Phenylbenzylhydrazine (16 grams) was treated with one molecular 
proportion of a cooled solution of benzyl iodide (18 grams) in ether. 
The crude product (18°7 grams) on being recrystallised from hot 
alcohol, melted and decomposed at 133—134°. It is soluble in hot 
alcohol, very sparingly so in water, and insoluble in ether: 

0°3034 gave 0°1695 AgI. I=30°19. 

C.pHo,NoI requires I= 30°53 per cent. 

The aurichloride is insoluble in water, but dissolves in hot methyl 
alcohol, and crystallises from the latter solvent in long, yellow 
prisms, melting and decomposing at 147—148°: 

0°2406 gave 0°07535 Au. Au=31°32. 

Cy»H2,;N,AuCl, requires Au=31°40 per cent. 

The platinichloride is insoluble in water or cold alcohol, but 
erystallises from hot alcohol in very fine, buff-coloured needles, 
melting and decomposing at 151°: 

0°2184 gave 0°0435 Pt. Pt=19°91. 

(Cy9Ho;N>),PtCl, requires Pt=19°77 per cent. 


Phenyldimethylazonium Iodide, NMe,PhI-NHg. 


Phenylmethylhydrazine (12°2 grams) was mixed with one mole- 


cular proportion of methyl iodide (15 grams) in ethereal solution 
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in the cold. The crude product (22 grams), after recrystallisation, 
separates in colourless, stout prisms, melting and decomposing at 
126°. It is very readily soluble in methyl alcohol, moderately so 
in water, sparingly so in alcohol, and insoluble in chloroform, ether, 
or benzene: 


0°18305 gave 0°1624 AgI. I=47-94. 
0°2099 ,, 0°2817 CO,, 0°1011 H,O, and 0°1004 I. C=36'6; 
H=5°35; I=47°83. 
C,H,,NeI requires C=36°37 ; H=4°92; I=48°11 per cent. 
The azonium chloride is readily soluble in alcohol and water, and 
is very hygroscopic; it melts and decomposes at 187—188°: 


0°1822 gave 0°1509 AgCl. Cl=20°49. 
C,H,,N,Cl requires Cl=20°58 per cent. 
The platinichloride crystallises from hot water in yellow prisms, 
melting and decomposing at 158—-159°; it is sparingly soluble in 
cold water, and insoluble in alcohol: 


0°2463 gave 0°07035 Pt. Pt=28°57. 
(CgH,,N,),PtCl, requires Pt= 28°60 per cent. 
The awrichloride is soluble in alcohol, sparingly so in cold water, 


and crystallises from hot water in minute, yellow prisms, melting 
and decomposing at 123—124°: 


0°25405 gave 0°1051 Au. Au=41°37. 
C,H,3N,AuCl, requires Au=41°41 per cent. 


The author desires to express his gratitude to Prof. W. J. Pope, 
F.R.S., for his kindness in reading this paper in manuscript form, 
and his appreciation of the friendly interest of his colleague, Dr. 
E. R. Watson. 

Further work with other members of the azonium series is in 
progress. 

THE CHEMICAL LABORATORY, 


Dacca CoLLEGE, Dacca, 
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CLXXXIV.—The Influence of Acids and Alkalis on 
the Optical Activity of Some Amino-acids. 


By Joun Kerroot Woop. 


Tue results of the large amount of work done during recent years 
on amphoteric electrolytes have led to the view that in aqueous 
solutions of such substances there is formed, as a result of the 
neutralisation of the basic and acidic groups of the compound, a 
kind of internal salt. Assuming such a constitution to be correct, 
it appeared to the author that in the case of optically active ampho- 
teric compounds like some of the amino-acids it might be possible 
to arrive at some knowledge as to the acid and basic strength of 
the compounds by an adaptation of the polarimetric-avidity method 
described by Walker (Zeitsch. physikal. Chem., 1903, 46, 30). 
With this object in view, determinations have been made of the 
optical activity of several amino-acids both in aqueous solution and 
in the presence of varying amounts of acids and of alkali. It soon 
became evident that a method of this description would be incap- 
able of application to optically active amino-acids in general, because 
of the very sparing solubility of many such substances in water, 
and the consequent difficulty of obtaining trustworthy values for 
the specific rotation, not only in purely aqueous solution, but also 
in those cases where the quantity of acid or alkali added was insuffi- 
cient to form an external salt with the amphoteric compound. It 
has been possible, however, to carry out such experiments with 
leucine, aspartic acid, and glutamic acid, the results obtained being 
given in the present paper. Experiments of the above-mentioned 
character were carried out by Becker (Ber., 1881, 14, 1028), both 
with aspartic acid and asparagine, but the subsequent work of 
Cook (Ber., 1897, 30, 296) and Fischer (Ber., 1899, 32, 2462) has 
shown the inaccuracy of some of his values for the former sub- 
stance, so that it became necessary to repeat many of his experi- 
ments. It may be here mentioned that, apart from the difference 
in magnitude of the values obtained, similar results were arrived 
at by Becker and the author as to the influence exerted by varying 
amounts of hydrochloric acid on the optical activity of aspartic 
acid. 

In the determination of the optical activity of the various solu- 
tions, a Schmidt and Haensch polarimeter (triple field) was 
employed. All determinations were made at 25°, water from a 
thermostat being kept in constant circulation through the jacket 
of the polarimeter tube; a 2-dem, tube was used throughout. The 
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majority of the solutions employed had a concentration of from 
1 to 2 per cent., but in some of the solutions of aspartic acid, owing 
to the sparing solubility of the substance, more dilute solutions 
had to be vsed. The use of dilute solutions certainly increases the 
difficulty of obtaining accurate values for the specific rotation, but 
a truer comparison of the results given by the various solutions 
can be made when these solutions contain approximately equal 
amounts of the amphoteric compound. Moreover, by using dilute 
solutions, the salts present may be taken as being almost completely 
ionised, and the values for the specific rotation will therefore 
correspond with this condition of the salts. 


Leucine, (CH;).CH-CH,*CH(NH,)-CO,H. 


An aqueous solution of this substance gave the value for the 
specific rotation as [a], --9°84°. 

The effect of varying quantities of hydrogen chloride on the 
specific rotation is shown in the following table: 


Molecules of Molecules of 
hydrogen chloride/ hydrogen chloride/ 
molecules of molecules of 
leucine. [a]p. leucine. [a]p. 

0-55 1-70° 2-82 11-23° 
0-87 6-50 5-11 12-14 
1-06 7-83 7-51 11-39 
1-34 11-20 8-62 12-88 
2-21 12-56 


It is evident that as the ratio of hydrogen chloride to leucine 
is increased there is, at first, a marked change in the optical 
activity of the solution, but that when the molecular ratio reaches 
a value between one and two the further addition of hydrogen 
chloride causes little further change in the specific rotation; this 
is shown in Fig. 1. 

The following takle shows the results obtained when the leucine 
was dissolved in solutions of sodium hydroxide and the influence 
of the relative proportions in which the two substances are present 
on the value of the specific rotation : 


Molecules of Molecules of 
sodium hydroxide/ sodium hydroxide/ 
molecules of molecules of 
leucine. [a]p. leucine. 
0-54 — 0-58° 
0-59 +0-88 
0-83 3-09 
0-86 4-42 
0-99 4-00 
1-30 7-51 
1-63 4-28 
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These figures do not show quite the same regularity as those 
arrived at from the acid solutions, but it is quite evident that the 
effect of the alkali on the specific rotation of the leucine is of a 
similar nature to the influence of the hydrogen chloride. A small 
increase in the quantity of alkali has a considerable effect on the 
optical activity when the molecular ratio of alkali to leucine is less 
than one, but produces little change in other cases. The devia- 


Fie. 1. 


[a]>. 


-109 123456789 
Mols. HCl 
Mols. Leucine 


tions shown in a few cases are probably due to errors in the 
reading of the rotation owing to the solution not being quite clear. 
It is, of course, possible that some of the irregularity might be 
explained by the substance undergoing partial racemisation in 
alkaline solution, but no evidence of this has been obtained, an 
alkaline solution of leucine, containing an excess of sodium hydr- 
oxide, showing no appreciable variation in optical activity when 
kept for some hours at 25°, 
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Glutamic Acid, HO,C-CH,*CH.°CH(NH,)-CO,H. 
An aqueous solution gave the value for the specific rotation as 
[a], 12°62°. 
The results obtained in hydrogen chloride solution are shown 
below ; it will be observed that the general effect produced by the 
added acid is similar to that noticed with leucine: 


Molecules of Molecules of 
hydrogen chloride/ hydrogen chloride/ 
molecules of molecules of 

glutamic acid. [a]p. glutamic acid. [a]o. 
0-54 23-04° 1-55 30-94° 
0-82 26-88 2-26 31-10 
0-84 28-84 4-53 32-36 
1-01 27-91 


Becker (loc. cit.) observed that the influence of acetic acid on 
the specific rotation of aspartic acid was very much less than that 
of hydrochloric acid. It appeared probable that this was due to 
the very much weaker nature of acetic as compared with hydro- 
chloric acid, and a similar effect would be expected in the case of 
glutamic acid. Experiments were accordingly conducted to ascer- 
tain the effect of varying amounts of acetic and of chloroacetic acid 
on the specific rotation of glutamic acid; the results obtained are 
given in the following tables: 


Molecules of Molecules of 
acetic acid/ chloroacetic acid/ 
molecules of molecules of 
glutamic acid. [a]p. glutamic acid. [a]p. 
1-47 13-90° 0-28 16-64° 
3-92 13-86 0-55 18-68 
1-24 18-73 
1-47 19-80 
4-41] 24-30 


The relative effect produced by the three acids is well shown in 
Fig. 2, and it is quite evident from the nature of the results that 
the magnitude of the change produced in the specific rotation of 
glutamic acid depends on the strength of the added acid. 

Very interesting results were arrived at when the rotation of 
alkaline solutions of glutamic acid was determined. The figures 
obtained are given in the following table, whilst the influence of 
a variation in the proportion of alkali present is very well shown in 
Fig. 3; the last point is not shown on the curve. 


Molecules of Molecules of 
sodium hydroxide/ sodium hydroxide/ 
molecules of molecules of 
glutamic acid. [@]p- glutamic acid. [a]p. 
0-49 +3-00° 1-32 — 0-40° 
0-74 —0-40 1-60 +4-50 
0-99 —4-73 2-47 10+22 
1-09 — 3:97 5-96 10-90 


1992 
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The curve shows a well-defined minimum, which corresponds with 
the ratio of alkali and glutamic acid necessary for the formation 
of the acid salt; as the proportion of alkali is still further increased 
the specific rotation is again rapidly changed until the molecular 
ratio is a little greater than two, after which no appreciable altera- 
tion in the magnitude of the specific rotation takes place on the 
addition of further amounts of alkali. 


The results obtained, using solutions of aspartic acid in sodium 
hydroxide, are shown below, and if a curve is drawn from them 


32°7 
30 4 
28 
26 * 
24 7 
22 7 
20 7 
18 | 


Aspartic Acid, HO,C-CH,*CH(NH,)-CO,H. 


The aqueous solution of the acid gave the value for the specific 
rotation as [a], 5°87°. 


HCl curve. 


CH,CI*COoH curve, 


CH *COoH curve. 
—y—~ 


a 2s 


Mols. acid added 


Mols. glutamic acu 


The figures obtained from solutions containing varying amounts 
of hydrogen chloride are shown in the following table, and the 
curve drawn from it shows that the influence of hydrogen chloride 
on the specific rotation of aspartic acid is similar in character to 
the effect noticed in the previous cases. 


Molecules of Molecules of 
hydrogen chloride/ hydrogen chloride/ 

molecules of molecules of 

aspartic acid. [a]p. aspartic acid. [a]p. 
0-29 9-0° 1-44 21-6° 
0-39 11-8 1-96 22-8 
0-50 14-1 3:04 23-6 
0-94 18-4 4-90 23-9 
1-28 19-0 
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it will be seen that the effect of varying proportions of alkali on 
the optical activity is similar to that obtained with glutamic acid. 
It may be mentioned that no evidence has been obtained either 


with aspartic acid or glutamic aci 


Fic. 3. 
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d to indicate that these com- 


Mols. NaOH 


pounds undergo racemisation when in the presence of an excess 


of sodium hydroxide: 


Molecules of 
sodium hydroxide/ 

molecules of 

aspartic acid: [a], 
0-42 — 3-54° 
0-86 —14-7 
1-08 —14-5 
1-53 —9-9 


Mols. glutamic acid’ 


sodium hydroxide/ 


bo 4 
Co 4 


Molecules of 


molecules of 


aspartic acid. [a],. 
2-17 —5-1° 
2-80 —3-77 
4-96 — 3-47 
6-21 ~3-47 
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Discussion of Results. 


It will be quite apparent from the data and curves given above 
that with each of the substances examined the influence of a 
strong acid or base on the optical activity of the compound follows 
the same course. In every instance the addition of the acid or 
base produces a marked change in the specific rotation until the 
molecular ratio of added substance to amino-acid is somewhat 
greater than one, after which the addition of further quantities of 
acid or base produces but little effect. In the case of the addition 
of sodium hydroxide to glutamic and aspartic acids it is, of course, 
the second portion of the curve which must be considered more 
particularly, the first portion of which the substance is becoming 
increasingly levorotatory, corresponding with the formation of the 
acid salt; it will be noticed that the minimum value corresponds 
in both cases with the ratio of alkali and amino-acid necessary for 
the production of the acid salt. From this point onwards the 
further addition of sodium hydroxide leads to variations in the 
specific rotation analogous to those produced by hydrogen chloride 
or by sodium hydroxide when added to leucine. In every case 
there is a distinct break in the curve, and it will be noted that this 
break never occurs at a point where the ratio of added acid or base 
to amino-acid is equal to unity, but always at a point showing a 
preponderance of acid or base; in other words, an excess of acid 
or base over the amount required to form a salt with the amino-acid 
must be added before this break in the curve is reached. It seems 
perfectly evident that this marked break in the curve is indicative 
of a change in the mode of existence of the aminoacid in the 
solution. The only change which can take place is that of the 
formation of a salt with the added acid or base; this change is 
taking place from the very commencement of the addition of the 
acid or base, and is indicated by the variation in the specific 
rotation, the value for which until salt formation is complete will 
be somewhere between the values for the free amino-acid and the 
salt. The break in the curve may therefore be taken as indicating 
the completion of salt-formation with the added acid or base, and 
the further slight changes which follow from the addition of more 
acid or base as being simply due to changes in the degree of ionisa- 
tion. The value of the specific rotation corresponding with the 
break in the curve may therefore be regarded as the optical 
activity of the salt of the amino-acid. 

When one considers the great disparity between the strength of 
hydrochloric acid and sodium hydroxide and the amino-acids 
regarded as acid and base respectively, it appears exceedingly 
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improbable that any appreciable excess of hydrogen chloride or 
sodium hydroxide would be required to decompose the internal salt 
supposed to exist in the aqueous solution of the amino-acid. The 
excess of acid or base necessary, therefore, to obtain complete 
salt-formation cannot be attributed in this case to the competition 
of two acids for a base or vice versa. This does not indicate that 
no internal salt exists in solution, and that no competition of two 
acids for a base may take place. The very different results obtained 
when a weak acid is used instead of hydrochloric acid are probably 
largely due to such competition. The true explanation of why an 
excess of acid or base is necessary would seem to lie in the fact 
that the salts of such a weak base or acid as is an amino-acid must 
be considerably hydrolysed in solution, so that when the amino- 
acid and the added substance are present in the solution in equiva- 
lent quantities some of the amino-compound must be present in 
the free condition. The addition of a further amount of acid or 
base will, of course, convert this free amino-acid into the salt and 
salt-formation will be practically complete provided a sufficiently 
large excess of hydrochloric acid or sodium hydroxide is employed. 
It becomes possible, therefore, to determine the degree of hydro- 
lysis of the salts of amino-acids from the values obtained for the 
specific rotation in the different solutions, and knowing the degree 
of hydrolysis and the concentration of the solution, the basic and 
acidic ionisation constants of the amino-acid can be calculated. 
In the case of aspartic and glutamic acids, the acid ionisation- 
constant determined is, of course, that of the second and weaker 
hydrogen ion on which the hydrolysis of the salt depends. 

As an example, the case of leucine hydrochloride may be taken. 
The specific rotation of the free amino-acid is —9°84°, and that of 
its hydrochloride +11°4°. When the two substances leucine and 
hydrogen chloride are present in equivalent amounts the specific 
rotation is seen from the curve to have a value of +8°0°. Denoting 
the fraction of the leucine which exists in the free condition by 
«, we get the equation: 

—9°84x7 + (1—2)11°4=8, 
which gives a value of 0°16 for z. 

The hydrolysis constant is then calculated by means of the 

equation : 

__(Active mass of hydrolysed galt)? _ — Rw 

(Active mass of non-hydrolysed salt) ky 
Taking the degree of hydrolysis as 16 per cent., and the concen- 
tration of the solution as 2°2 per cent., the value of the hydrolysis 
constant is found to be 0°0046; the ionisation constant of water at 
25° being 1°2x10-14, the basic ionisation constant of leucine is 
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accordingly 2°3x10-%, a figure in good agreement with that 
obtained by Winkelblech (Zettsch. physikal. Chem., 1901, 36, 587). 

The following table gives the various values calculated by the 
above method, together with values previously obtained by Winkel- 
blech (Joc. cit.) for some of the substances: 


Wood’s value. Winkelblech’s value. 


IN pace ap icaanaciinbii k,p=2-3 x 10°” k,=2-7 x 10-?? 

me Ragadncensdiaiasudens ka=1:6 x 10-4 kg=3-1 x 10-"° 
Glutamic acid ............ ky, =3-9 x 10-? 
| | aewewendans ka=1-0x 10-4 

Aspartic acid ............ k,=1:3x 10-# ky =1-3 x 10-* 
ao)” eSleaagaeee ka=2:2x10-® 


The close agreement between the values for i, obtained by the 
author and Winkelblech for leucine and aspartic acid is at once 
noticeable, and suggests that the method employed by the author 
might be used with advantage in the case of all optically active 
amphoteric electrolytes of sufficient a degree of solubility; rather 
greater variation is shown between the values for the acid constant 


of leucine. 


In conclusion, the author wishes to express his thanks to the 
Carnegie Trustees for a grant which defrayed the cost of the 
materials used in the investigation. 


UNIVERSITY .COLLEGE, DUNDEE. 
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CLXXXV.—The Estimation of Carbon Monoxide. 
By JosepH Ivon Granam and THomas FIELD WINMILL. 


SevERAL methods for the estimation of carbon monoxide based on 
the reaction I,0;+5CO=I,+5CO, have been described,* some 
involving the estimation of the iodine produced, others the carbon 
dioxide, the latter being usually absorbed by standard barium 
hydroxide, the excess of which is titrated with standard oxalic acid 
solution. The application of these methods to routine estimations 
of carbon monoxide is difficult owing to the cumbersome nature 
of the apparatus required, and the large volume of sample neces- 
sary. We have, therefore, devised an apparatus which is essen- 
tially a modification of the well known Haldane type of gas analysis 

* For an excellent résumé of work on this object, see Weiskopf, J. Chem. Metall. 


Min. Soc. S. Africa, 1909, 9, 258; compare also Goutal, Ann. chim. anal., 1910, 
15, 1; Levy, J. Soc. Chem. Ind. , 1911, 30, 1437. 
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apparatus, and in which iodine pentoxide is employed for the 
selective oxidation of carbon monoxide, so that the latter may be 
quickly and easily estimated volumetrically, yet, at the same time, 
so that an accuracy of 0°02 per cent. may be obtained, 20 c.c. of the 
sample being the volume required for an analysis. 

The rate of oxidation of carbon monoxide by iodine pentoxide is 
determined largely by the temperature at which the reaction is 
carried out, and this has-been one of the chief points of discussion 
between the various investigators of this subject. We have found 
that the reaction takes place slowly at 70—80°, but is rapid and 
complete at 90—100°, and have, therefore, finally adopted the latter 
range of temperature. The results of a number of analyses of 
mixtures of carbon monoxide and air (tables A and B) show that 
an accuracy of 0°02 per cent. may be readily obtained. 

It is well known that unsaturated hydrocarbons affect the accu- 
racy of estimations, and these must therefore be removed from the 
sample before passage over the iodine pentoxide. In the present 
investigation considerable attention has been given to the reaction 
of iodine pentoxide with hydrogen and saturated hydrocarbons at 
various temperatures. It seems to have been generally accepted 
that hydrogen is not acted on by iodine pentoxide. In the follow- 
ing pages, however, it is shown that hydrogen in the absence of 
carbon monoxide is attacked by iodine pentoxide at temperatures 
above 135°. When carbon monoxide is present, oxidation of the 
hydrogen takes place at lower temperatures as the percentages of 
these gases increase. When the concentration of hydrogen is above 
20 per cent. it is impossible to oxidise the carbon monoxide without 
attacking the hydrogen to some small extent, even*at temperatures 
below 100°. The nature of the action of iodine pentoxide in the 
presence of carbon monoxide is not quite clear, but it seems highly 
probable that, with mixtures of hydrogen and carbon monoxide 
containing comparatively large amounts of the latter (more than 
8 or 9 per cent.), the hydrogen is attacked by the nascent iodine 
evolved in the reaction between the carbon monoxide and iodine 
pentoxide. The action of iodine pentoxide on hydrogen at higher 
temperatures (about 160°) appears, on the other hand, to be a 
simple case of oxidation of the hydrogen to water with liberation 
of iodine. In order to estimate carbon monoxide accurately by 
oxidation with iodine pentoxide, if the hydrogen exceeds 20 per 
cent., the sample must be suitably diluted with an indifferent gas. 
When, however, the hydrogen is below this limit an accuracy of 
0°02 per cent. in the estimation of the carbon monoxide can readily 
be obtained on a sample of 20 c.c. by the method described in this 
paper. 

VOL. CV. 60 


1998 GRAHAM AND WINMILL: 


EXPERIMENTAL, 


Description of Apparatus and Analytical Results for Mixtures of 
Carbon Monozide and Air. 


The apparatus used is a modification of the well-known Haldane 
type of gas analysis apparatus, and is designed to measure the con- 
traction which occurs when a mixture containing carbon monoxide 
is passed over heated iodine pentoxide and the products of the 
reaction are treated with potassium hydroxide. This contraction 
is equal in volume to the quantity of carbon monoxide present 
in the original sample. The usual absorption pipettes on the 
Haldane apparatus are replaced by three potassium hydroxide 
pipettes, a bromine pipette, and a U-tube containing about 2 grams 
of iodine pentoxide, arranged as shown in the figure. 


eee t <3 


aS 
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A contains 25 per cent. potassium hydroxide solution. C' and #, 
45 per cent. potassium hydroxide solution, B bromine in an aqueous 
solution of potassium bromide, and D is a small U-tube so filled 
with powdered iodine pentoxide that the ‘dead space” in the tube 
is reduced to a minimum. 

The potassium hydroxide and bromine pipettes are connected to 
suitable reservoirs. The pipette C is connected through a T-piece 
to the usual compensating device employed on the Haldane appara- 
tus. After filling with pure iodine pentoxide, the U-tube is heated 
to 200° for three or four hours in a current of dry air, before being 
fitted to the apparatus. A broad wooden shield on either side 
protects the various pipettes from absorbing heat while the iodine 
pentoxide tube is being heated. The sample for analysis is taken 
into the burette and measured (1) with the usual precautions 
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adopted when using the Haldane apparatus, the U-tube of iodine 
pentoxide being immersed in a bath of cold water, the temperature 
of which is noted. The sample is then passed into the bromine 
pipette, B, where it is kept for four minutes, the burette tap and 
those leading to A and C being closed. By opening the necessary 
taps and lowering the reservoir attached to C, the sample is then 
transferred to the pipette C. The tap to B having been closed to 
the bromine pipette, the sample is passed several times backwards 
and forwards between C and A to remove all bromine vapour, and 
is then brought back into the burette and measured. The operation 
is repeated until a constant reading (2) is obtained. The difference 
between (1) and (2) gives the amount of carbon dioxide, hydrogen 
sulphide, sulphur dioxide, and unsaturated hydrocarbons. The 
latter are completely removed by two passages into the bromine 
pipette provided the amount does not exceed 5 per cent., the 
second passage only being necessary to “wash out” the “dead 
space” between the burette and the bromine pipette. The sample 
is next passed into the pipette C and the tap on this pipette opened 
to the U-tube, which is now heated to 90—100°, the beaker of cold 
water being replaced by one containing hot water and heated by 
means of a small Bunsen burner during the oxidation of the 
carbon monoxide. The sample is passed from C to # through the 
iodine pentoxide U-tube, D, twice backwards and forwards by 
raising or lowering the reservoir attached to C. By this means the 
carbon monoxide is oxidised to the dioxide, which, together with 
the iodine liberated, is absorbed by the alkali in C and #. The 
residual sample in the connexions between the burette, A, B, and 
CU, is “ washed out,” and the gas sample again passed backwards 
and forwards twice over the hot iodine pentoxide. This has been 
found sufficient to remove completely all the carbon monoxide even 
when 15 per cent. is present in the original sample. (The complete 
removal of carbon monoxide has been demonstrated by constancy 
of volume after subjection to further passages over the hot iodine 
pentoxide, and also by the delicate “blood ’’ test.) The beaker of 
hot water is then removed and replaced by the original beaker of 
cold water, and after a couple of minutes the potash level in 7 
is brought to the graduation mark, the temperature of the water- 
bath being again noted. In cases where there is any small variation 
in temperature, a correction, readily determined by experiment, 
is applied. This correction should not exceed 0°002 c.c. per 1° 
change in temperature in a well-constructed iodine pentoxide tube. 
The sample is transferred to the burette and measured (3), the 
difference between (2) and (3) giving the amount of carbon mon- 
oxide present. 
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It will be noticed that the gas sample is confined over 45 per 
cent. potassium hydroxide solution during the oxidation, and is 
therefore not quite dry. Previous investigators have insisted that 
the sample must be free from moisture for complete oxidation of 
the carbon monoxide, but this is apparently unnecessary, although 
we have found it advisable to heat the iodine pentoxide to about 
190° in a current of dry air after about twenty analyses. This is 
probably due to the fact that moisture has been present in the gas 
sample passed over the iodine pentoxide. For simplicity in mani- 
pulation the U-tube is connected to the apparatus by means of 
rubber junctions at ¢ and e, no objection having been found to the 
adoption of this plan. 

In the experiments described below, mixtures have been made 
from pure carbon monoxide, the purity of which has been controlled 
by combustion analysis in the Haldane apparatus. 


TaBLeE A. Mixtures of Carbon Monoxide and Air, Iodine 
Pentoxzide (tube heated to 160—180°). 


Volume of carbon Carbon monoxide Carbon monoxide 


monoxide present present. found. Error. 
in sample. Per cent. Per cent. Per cent. 
C.c. 
0-004 0-02 0-02 +0-00 
0-015 0-08 0-10 + 0-02 
0-020 0-11 0-11 +0-00 
0-020 0-11 0-10 —0-01 
0-039 0-22 0-22 +0-00 
0-070 0-39 0-38 —0-01 
0-276 1-50 1-51 +0-01 
0-568 3-06 3-09 +0-93 


In the above determinations the pipette # contained mercury, 
and the gas was passed through the U-tube from the burette, the 
carbon dioxide produced being estimated by subsequent passage 
into the pipette C. The method described in the previous part of 
the paper was afterwards adopted owing to the contamination of 
the mercury in the burette and pipette, Z, by the iodine liberated 
during oxidation. 


TaBLE B. Mozxtures of Carbon Monoxide and Arr. 


Carbon monoxide Carbon monoxide 


present. found. Error. 
Temperature. Per cent. Per cent. Per cent. 
160—180° 3°43 3-41 0-02 
160—180 10-22 10-21 —0-01 
130—140 24-13 24-14 -+0-01 
105—115 3°58 3-58 +0-00 
90—95 8-21 8-20 —0-01 


90—95 16-12 16-13 +0-01 
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Influence of Hydrogen and Saturated Hydrocarbons on the 
Accuracy of the Method. 


Mixtures of Hydrogen and Air—The reaction between iodine 
pentoxide and hydrogen at various temperatures was investigated, 
and from the results given below it is clear that hydrogen is readily 
attacked by iodine pentoxide at temperatures above 135°. 


TaBLeE C. 
Hydrogen Carbon monoxide 
in sample. present. Contraction. 
Temperature. Per cent. Per cent. Per cent. 

100—105° 20 0-00 0-00 
110—125 100 0-00 0-00 
140—145 100 0-00 0-02 
160—165 100 0-00 0-35 
170—180 . 20 . 0-00 0-50 
170—-180 100 0-00 1-27 


From the above table it appears that hydrogen alone is not 
attacked at temperatures below 130°. When, however, carbon 
monoxide is present, this temperature is considerably reduced. This 
reductién depends both on the concentration of the hydrogen and 
that of the carbon monoxide. Experiment shows that: (1) If the 
concentration of hydrogen exceeds 20 per cent., accurate estima- 
tion of the carbon monoxide is impossible. (Table D.) (2) If the 
concentration of hydrogen is less than 20 per cent. but greater 
than 6 per cent., and that of the carbon monoxide greater than 
8 per cent., accurate estimation of the carbon monoxide is still 
impossible. (Table E.) (3) If the mixture contains less than 
20 per cent. of hydrogen and less than 8 per cent. of carbon 
monoxide, an accuracy of 0°02 per cent. can be obtained (Table F), 
and (4) If the concentration of the hydrogen is below 1 per cent., 
up to 25 per cent. of carbon monoxide can be satisfactorily esti- 
mated. (Table G.) 

It follows, therefore, that for accurate analysis of mixtures rich 
in hydrogen and carbon monoxide, the sample should be diluted 
with air to bring the concentration of the hydrogen below 20 per 
cent, and that of the carbon monoxide below 8 per cent. 
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TaBLE D. Miatures of Hydrogen, Carbon Monozide, and Air, in 
which the Hydrogen exceeds 20 per cent. 


Carbon monoxide Carbon monoxide 


Hydrogen. present. found. Error. 
Temperature. Per cent. Per cent. Per cent. Per cent. 
90° 23-0 5-37 5-38 +-0-01 
120 23-0 5-37 5-43 +0-06 
105—115 27-5 11-13 11-30 +017 
100—115 28-0 4-70 4-73 +0-03 
70—80 33-0 9-86 9-81 —0-05* 
100—115 35-0 4-08 4-25 +017 
90—95 52-8 1-17 1-30 +0-13 
90—95 68-2 0-72 0-79 +0-07 
75—85 70-0 3-64 3-70 + 0-06 
100—110 80-0 2-82 3-07 + 0-25 
90—95 92-8 1-10 1-31 + 0-21 


* Incomplete oxidation at the low temperature employed. 


TaBLE E. AMizxtures containing between 6 per cent. and 20 per 
cent. of Hydrogen and more than 8 per cent. of Carbon Mon- 


oride, 
Carbon monoxide Carbon monoxide 
Hydrogen. present. found. Error. 
Temperature. Per cent. Per cent. Per cent. Per cent q 

90—-95° 6-05 9-52 9-59 -1-0-07 
90—95 6-05 12-41 12-57 -+-0-16 
90—95 8-03 10-65 10:74 -+-0-09 
90—95 18-57 9-73 9-90 |-0-17 
85—90 18-57 10-01 10-09 10-08 
85—90 18-72 9-57 9-70 t+ O-13 
85—90 20-0 12-65 13-08 + O43 


TaBLE F. Mixtures containing less than 20 per cent. Hydrogen 
and less than 8 per cent. Carbon Monoxide, 


Carbon monoxide Carbon monoxide 


Hydrogen. present. found. Error. 
Temperature. Per cent. Per cent. Per cent. Per cent. 

90—95° 6-38 5:47 5:47 +0-00 
90—95 8-30 8-44 8-44 + 0-00 
95—105 14-0 7-39 7-38 —0-01 
95—105 14-0 7-45 7-43 — 0-02 
90—95 18-80 7:87 7°88 -+-0-01 
90—95 19-58 5-66 5-68 -+-0-02 


TaBLE G. Mixtures containing less than 3 per cent. Hydrogen 
with large percentages of Carbon Monoaide. 


Carbon monoxide Carbon monoxide 


Hydrogen present. found. Error. 
Temperature. Per cent. Per cent. Per cent. Per cent. 
90—95° 2-16 11-95 12-00 +0:05 
90—95 2-00 14-27 14-36 +0-09 
90—95 1-20 15-96 16-00 + 0-04 


90—95 1-04 24-85 24-95 +010 
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The action of mixtures of air with methane, containing a small 
percentage of its homologues (‘‘natural- firedamp’’), has been 
tested with samples containing approximately 10 per cent. and 
80 per cent. of combustible gas. No oxidation is observed even 
when the sample is passed over iodine pentoxide heated at 
160—180°. Artificial mixtures of these samples with small amounts 
of carbon monoxide were also analysed, the results being given 


below: 
Carbon monoxide Carbon monoxide 


Fire damp. present. found. Error. 
Temperature. Per cent. Per cent. Per cent. Per cent. 

160—180° 10-85 0-00 0-00 +0-00 
90—95 79-0 0-00 0-00 +0-00 
160—180 79-0 0-00 —0-01 —0-01 
160—180 10-8 0-18 0-19 +0-01 
160—180 10-7 1-12 1-15 +0-03 
90—95 74-6 1-98 2-01 +0-03 
90—95 70-6 2-60 2-59 —0-01 


As coal gas contains a large proportion of hydrogen, it is not 
possible to analyse an undiluted sample for carbon monoxide. 

In the following analyses the samples were consequently diluted 
with air to about five times their volume in order to reduce the 
concentration of hydrogen to about 12 per cent. for the reasons 
already stated. If this be done, results which do not differ by 
more than 0°02 per cent. may be obtained for the carbon monoxide 
estimation, as shown by the following table: 


Sample A. Sample B. Sample C. 
A. ~ —— a, —_—_—, 
(I) (2) (3) (tl) (2) 6) 2) 
Coal gas, per cent. ........465- 23-17 23-17 23-17 21-04 21-04 21-98 21-98 
CO,, unsaturated compounds, 
etc., per cent. — .......e.00. 118 — 1:18 0-96 0-95 1-10 1-08 
CO BOP GUMB.  cccccccsccccccscecece 1:39 1:39 — 1:29 1:30 1-44 1-46 


The necessary dilution can be made accurately in the gas burette 
of the apparatus. The residual gas after removal of the carbon 
monoxide by the analysis was tested for traces of carbon monoxide 
by the delicate “ blood” test with negative results. 

The authors therefore conclude that carbon monoxide can be 
estimated rapidly and with considerable accuracy by oxidation with 
iodine pentoxide by the method described, provided that the precau- 
tions detailed in this paper are observed. 

A practical advantage of the method is that as only a few c.c. 
of the sample are needed for the analyses the same small sample 
which suffices for the determination of other constituents, such as 
oxygen, methane, or carbon dioxide, is sufficient also for determining 
carbon monoxide. 


DoncasTeER Coat Owners’ LABORATORY, 
BENTLEY COLLIERY, NEAR DONCASTER. 
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CLXXXVI.—The Effect of Ring-Formation on 
Viscosity. 
By FERDINAND BERNARD THOLE. 


In a previous communication on the viscosity of geometrical iso- 
merides (T., 1912, 101, 552) attention was drawn to the appreciable 
exaltation of viscosity that resulted when groups possessing a 
certain amount of residual affinity were adjacent in a molecule, thus 
setting up a potential ring-system. This observation suggested a 
fuller investigation of the effect of ring-formation on viscosity, 
particularly with the view of examining the effect of varying the 
ring-strain and of correlating the results for viscosity with those 
of other physical properties. . 

The small extent to which the influence of ring-formation on 
physical constants has been investigated is, no doubt, due in some 
degree to the comparatively recent development of systematic 
methods for the synthesis of cyclo-paraffin derivatives, for before 
Perkin’s researches (1885 et seq.) only a few cyclohexane deriv- 
atives and the ketones cyclopentanone and cycloheptanone were 
definitely known. In addition to this, one must also recognise the 
very considerable experimental difficulty of obtaining sufficient 
quantities of material (except in the cyclohexane series) for system- 
atic work. 

The effect of ring-formation on a physical property is shown most 
clearly by comparing the cyclic compound with the corresponding 
open-chain analogue, a method which has been adopted in the 
present work. 

This method has to some extent been used by other investigators, 
but in all cases (except with the hydrocarbons) the comparison has 
not been strictly legitimate because corresponding compounds, that 
is, compounds of similar chemical and. structural type, have not 
been compared. One should not, for example, compare cyclopro- 
panecarboxylic acid with n-butyric acid, but with isobutyric acid, 
since butyric acid contains the CH,*CO,H group, whilst cyclopro- 
panecarboxylic acid and isobutyric acid both contain the group 
CH:CO,H. Again, cyclohexanol (a secondary alcohol) should be 
compared with hexan-8-ol or hexan-y-ol, and not with m-hexyl 
alcohol. A particularly curious point of view was taken by Perkin 
(T., 1902, 81, 292), who, in determining the effect of ring-formation 
on magnetic rotation, compared cyclopropanecarboxylic acid with 
formic acid. 

In most cases conclusions drawn from comparisons of this type 
are not materially vitiated, because the properties examined were 
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mainly additive and only slightly constitutive. In cases where 
constitutive effects are appreciable, the results obtained have been 
irregular and of little comparative value. 

For these reasons previous comparisons of open-chain and cyclic 
analogues are untrustworthy, but attention may be called to a few 
of the more prominent results that have been obtained. 

Boiling Point.—By comparing the boiling points of corresponding 
closed- and open-chain hydrocarbons, alcohols, and acids, it is clear 
that although in every case the cyclic compound has the higher 
boiling point, no definite variation of the difference between cyclo- 
paraffin and paraffin derivative is noticeable. 

Refractivity—tThis property being, after: molecular mass, the 
least constitutive of physical properties, it is only in the cases of 
the two- and three-membered rings that any marked abnormalities 
due to ring-strain are encountered. Briihl, for example, has shown 
(Zeitsch. physikal. Chem., 1891, 7, 179) that the observed molecular 
refractivities of unsaturated compounds are higher by about 1°8 
than the calculated values. 

The same worker, and also Tschugaev and Zelinski, have shown 
a similar, although smaller, anomaly in the three-membered rings. 

The average value of this anomaly for cyclopropane derivatives 
is smaller than for ethylenic compounds, averaging about 0°82. 

In the cyclobutane series little evidence is available, but Briihl 
(Ber., 1899, 32, 1222) states that cyclobutanecarboxylic acid shows 
an anomaly of 0°53. This result may be slightly too high, but it 
clearly falls below the average anomaly in the trimethylene deriv- 
atives. 

The five- and six-membered systems possess the least internal 
strain according to Baeyer’s theory, and accordingly very small 
anomalies in the molecular refractive power are found here. 

Beyond the cyclohexane series the only compounds examined have 
been the hydrocarbons and the ketones. 

The variation of anomaly through the complete series of ring- 
systems from ethylene to cyclooctane can be indicated to some 
extent by approximately averaging the values that have been 
obtained. 


TaBLE I. 
Ring system. A. 
MEINE. incasrcdessenponsenesers + 1-84 average of 19 cases. 
CyClOPrOpaNne ............secceeeee +0-82 ~ 6 / 
cycloButane . .........s.seeeeeeees +0-53 me - gs 
cycloPentane ............eeeeeeees +0-04 a 2 , 
cycloHexane ...........eceeeeeeee +0-04 - 2 
cycloHeptane ..........csscseeeees — 0-06 ” 2 5 
9 


cycloOctane —.........ceeeceeeeeee — 0-30 in 


7 Sees 
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This continuous transition is paralleled by the figures for 
molecular volume and viscosity. 

Molecular Volume.—The figures quoted below (Willstatter and 
Bruce, Ber., 1907, 40, 3981) indicate again the striking regular 
variation in the difference between closed- and open-chain analogues. 
The results for the two- and three-membered rings are not, of 
course, drawn from the same series as the others, but they appear 
to fall into line with those drawn from the simple cyclo-paraffins 
themselves. 


TaBLe II. 

Substance. Mol. Vol. A. Substance. Mol. Vol. 
Hexane ......... 130-4 —7°8 Hememe .......2 122-6 
Menthone ...... 172-0 13-0 COPOMEG........20.. 159-0 
Butane............ 96-5 17-5 cycloButane ... 79-0 
Pentane ......... 112-4 21:3 cycloPentane ... 91-1 
Hexane .......... 127-2 22-0 cycloHexane ... 105-2 
Heptane _...... 142-5 24-5 cycloHeptane ... 118-0 
oO ” eeeerere 158-3 27-4 cycloOctane ... 130-9 


Magnetic Rotatory Power.—In magnetic rotatory power is found 
a property which is much more constitutive than those previously 
dealt with, and one might have hoped for some decisive results of 
ring-strain. Unfortunately no work has been done in connexion 
with rings beyond cyclohexane, and the lower ring-compounds have 
been compared in many cases with substances of not strictly com- 
parable constitution. Thus cyclopropanecarboxylic acid, which 


should be compared with isobutyric acid, has been compared with 


formic acid and with n-butyric acid, the resulting anomalies for the 
formation of threemembered rings being widely different. The 
general sense of the anomaly is shown in the following table: 


TasB_eE ITI. 

Substance. Mol. Vol. A. Substance. Mol. Vol. 
*Hexane ............ SP FORTS TERI coccccccccccccsccncscssccoseee 7-473 
n-Butyric acid ... 4-141 —0-331 cycloPropanecarboxylic acid . 4-472 
n-Valeric acid ... 5-513 —0-465 cycloButanecarboxylic acid ... 5-048 
n-Hexoic acid ... 6-530 —0-639 cycloPentanecarboxylic acid ... 5-891 
n-Hexane ......... 6-646 —0-982 cycloHexane ..........ccccesceceees . 5-664 


* The value of A for the two-membered ring varies from +0°44 to +1°24. 


The general tendency noticed before for the anomaly to increase 
steadily through the series is apparent in this case also, although 
it is rather confused by illegitimate comparisons which affect this 
property more than those less constitutive ones previously men- 
tioned.” 

In determining the effect of ring-formation on viscosity the very 
constitutive nature of this property has been borne in mind, and 
care has been taken to compare closed- and open-chain compounds 
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of as nearly as possible the same type, cyclic secondary alcohols, 
for example, being compared with open-chain secondary alcohols, 
and not with primary alcohols. It would, of course, have been 
desirable if possible to deal with a few standard types and 
compare the homologous membere of such a series. Unfortun- 
ately this is practically impossible, and so this has only been done 
intermittently, as, for example, in the carboxylic acids of the three-, 
four-, and six-membered rings and the ketones of the five-, six-, and 
seven-membered rings. In some cases alternative open-chain com- 
pounds present themselves for comparison, and usually two of these 
have been prepared and investigated, hence affording further 
evidence of the effect of symmetry on viscosity. 

The substances used in the investigation have with few excep- 
tions been prepared by standard methods, but in some cases two or 
three methods have been tried in order to obtain the best yields. 
The open-chain acids were all prepared from ethyl malonate, and 
the ketones from ethyl acetoacetate. 

cycloPropane Series.—The acids and esters of cyclopropane were 
prepared by Perkin’s method from ethylene dibromide and ethyl 
cyanoacetate, the yields being very poor. The older method, using 
ethyl malonate, was first tried, but it compares very unfavourably 
with the cyanoacetic ester method, both as regards yield and 
manipulative difficulties. 

Ethyl 1-acetyleyclopropane-l-carboxylate was prepared by heat- 
ing ethyl sodioacetoacetate with ethylene dibromide under pressure, 
and fractionally hydrolysing the product. 

cycloButane Series—Here again ethyl cyanoacetate yields far 
better results than ethyl malonate on condensation with tri- 
methylene bromide. 

cycloPentane Series—The only simple compounds of cyclo- 
pentane which were easily obtainable were cyclopentanone and its 
carboxylic ester, the starting point in each case being adipic acid. 
This acid is easily obtained in 80 per cent. yield by oxidising 
cyclohexanol with alkaline permanganate (Ber., 1908, 41, 575). 

Ethyl cyclopentanonecarboxylate was prepared by Dieckmann’s 
method of heating ethyl adipate with sodium. cycloPentanone can 
be obtained by hydrolysing this ester, but a much better yield is 
obtained by distilling in small portions a mixture of calcium 
adipate and iron filings. No advantage was found when the 
operation was carried out below atmospheric pressure. 

In this series pyrrolidine may also be mentioned. This was 
prepared by internal condensation of 5-chlorobutylamine, which 
was in turn prepared by von Braun’s method from the phenoxy- 
compound. It was dried by repeated distillation over sodium. 
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cycloHexane Series——The majority of the compounds in this 
series were purchased and purified by suitable means. cycloHexane- 
carboxylic acid was prepared with some difficulty by reducing 
benzoic acid with sodium and amyl alcohol, and removing the 
di- and tetra-hydro-acids produced with ice-cold neutral perman- 
ganate. The preparation is laborious, and the yield poor, but the 
acid obtained is pure. 

The ester was prepared by heating the acid with alcohol and 
sulphuric acid. 

Tetrahydroquinoline was prepared by reduction of quinoline with 
tin and hydrochloric acid and freed from unreduced quinoline by 
conversion into the crystalline benzoyl derivative, which was then 
hydrolysed with hydrochloric acid. 

Of the open-chain compounds, ethylpropylamine was prepared 
from ethylamine and propyl bromide and butylbenzene and 
o-propyltoluene by the Fittig method. In the last two cases the 
yields were exceptionally poor. The hexanols were kindly lent by 
Dr. Pickard, and had been examined in connexion with another 
research. 

cycloHeptane Series—The only practicable starting point for 
syntheses in the cycloheptane series is the costly suberic acid, the 
calcium salt of which on distillation gives a 10 per cent. yield of 
cycloheptanone. It was therefore not possible to extend examina- 
tion of this series beyond the ketone suberone, which was prepared 
as stated above and purified by means of the bisulphite compound. 
It was compared with dipropyl ketone and methyl amyl ketone. 

It is interesting to trace the relation between ring-strain and 
ease of preparation of the cyclic compounds. The yield of cyclo- 
propane-l:1-dicarboxylic acid from ethyl cyanoacetate is much 
smaller than in the case of the cyclobutane derivative, and whereas 
the yield of cyclopentanone from calcium adipate was about 50 per 
cent. of the theoretical, with cycloheptanone the yield was about 
12 per cent. 

The viscosities were determined at 25°, except in the case of 
cyclohexanecarboxylic acid and its aliphatic analogue, which were 
examined at 50°. The apparatus and method of observation have 
been described in a previous paper (T., 1913, 103, 22), but owing 
to the widely different viscosities to be measured (ranging from 
0°003 to 0°5), a new method of calibrating the viscometer had to 


be used. 
Calibration of the Viscometer. 


4 
It is well known that the Poiseuille law, qat ; ’ or ite modified 


v 


form of 9 eat, for a liquid flowing under its own hydrostatic 
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pressure is only obeyed when the time of flow is comparatively 
large, and many investigations have been made on the variation 
of the time of flow produced by alterations in the driving pressure. 

Griineisen in particular, using the Ostwald type of viscometer, 
has made a very thorough examination of the variation of p.t, as 
the time is reduced by increasing p and by plotting p.t against ¢ 
has shown that below a certain value for ¢ the “constant” p.t 
begins to increase at first slowly and then more and more rapidly. 

In carrying out viscosity determinations most investigators use 
the Ostwald type of viscometer, in which a liquid flows under its 
own hydrostatic pressure, and calculate the viscosity from the 
equation »=K.d.t, the constant K of the instrument being 
obtained by using a liquid the absolute viscosity of which is accu- 
rately known. This method has the advantage of not requiring 
any compressed air reservoirs, manometers, or other complicated 
means of producing an artificial driving pressure, but the absence of 
these, of course, prevents the determination of a p. ¢-time curve 
to find if the instrument is obeying Poiseuille’s law under the 
experimental conditions of work. This can be tested, however, 
much more easily than by Griineisen’s method by using a series of 
liquids of known viscosities for calibrating the viscometer. 

If the Poiseuille law holds in each case, the ‘‘ viscometer con- 
stant”’ K will have the same value, but if K becomes smaller as 
the time of flow diminishes, the time of flow is evidently below the 
critical value necessary for the strict application of the equation 
n=Constant x d. t. 

Two courses are then open. in the first place the capillary may 
be reduced in diameter until the time of flow for all the liquids 
employed is above the critical value, and C is strictly a constant. 
This is perhaps the most desirable method if the liquids which are 
to be used in the viscometer have viscosities of the same order of 
magnitude. In many investigations, however, liquids of very 
widely different viscosities must be examined, and if the most 
mobile liquid had a time of flow as near as possible to the “ critical 
time,’ the most viscous liquid might have a transpiration time of 
several hours. In such a case one is compelled either to use several 
viscometers with capillaries of dimensions suitable to the viscosities 
of the liquids examined in them, or, more conveniently, to work 
with a single viscometer of such construction that of the substances 
employed all but the very mobile follow the Poiseuille law. The 
“constants’’ corresponding with times below the critical time may 
be found by plotting a “calibration curve” between X and time 
of flow, using liquids of known viscosity, and this method has 
been employed in the present research. The type of curve obtained 


See 
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is shown in the*figure, the logarithm of K being plotted as it is the 
quantity employed in the calculation of viscosity. 

Suitable liquids for constructing the calibration curve of a visco- 
meter, arranged in order of increasing time of flow, are methyl 
iodide, ethyl iodide, chloroform, acetone, toluene, benzene, ethylene 
dibromide, ethyl alcohol, n-propyl alcohol, and isobutyl alcohol. 

Water is not a suitable material for calibration purposes owing 
to its great tendency to flow irregularly over all but the most 
scrupulously clean glass. The viscosities of these liquids are 
obtained from Thorpe and Rodger’s tables, and the extreme accu- 
racy of the values is indicated by the excellent agreement of the 
constants obtained for times of flow above the critical time. This 
critical time will, of course, depend on the constructional details 
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Time of flow in seconds (Viscometer A). 


of the viscometer, but with the types used by the author scarcely 


ever exceeds two minutes. 
The actual figures for typical instruments may be quoted: 


Time of flow in seconds. Log K. 
Visco- Visco- Visco- Visco- Visco- Visco- 
Calibrating Vis- meter meter meter meter meter meter 
liquid. cosity..;°. A. B. C. A. B. C 
Methyl iodide 0-004655 11-0 — — 4-2720 —— —_ 
Ethyl iodide. 0-00555 13-6 — ae 4-3280 — = 
Chloroform... 0-00535 16-2 264-2 67-64-3491 54°1365 §°7297 
Acetone ...... 0-00307 17-2. 284-7 72-24-3542 = 5°1363 = -5°7320 
Toluene ...... 0-00551 26-6 oS 118-5 4-3805 feet 5°7324 
Benzene...... 0-00602 28-5 503-0 127-4 4-3822 5°1366 5°7331 
Ethyl alcohol 0-0108 56-05 — 254-3 4-3896 — 5:7329 
n-Propyl 
fleohol 0-0199 101-0 — - 4°3883 — = 
isoButyl 


alcohol 0-0336 172-0 — —~ 4°3872 — — 
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The values of log.K for viscometer A above the critical time 
are not in very good agreement, but this is an extreme case, the 
time of flow for this viscometer being extremely small. Viscometers 
B and C are the types generally used. 

The numerical results are summarised below, the viscosities for 
the allyl and propyl compounds being drawn from Thorpe and 


Rodger’s data. 


TaBLE IV. 
Cyclic. Open-chain. 
Substance. Viscosity. Substance. Viscosity. 
Allyl chloride............ 0:00314 n-Propyl chloride .... 0-00335 
Allyl bromide ......... 0-00472 n-Propyl bromide .... 0-00492 
Allyl iodide ............ 0-00689 n-Propyl iodide ........ 0-00699 
Allyl alcohol _......... 0-0124 | n-Propyl alcohol ...... 0-0199 
Ethyl cyclopropane-1 : 1- Ethyl dimethyl- 
dicarboxylate ...... 0-0236 | malonate ............ 0-0195 
cycloPropanecarboxy- | isoButyric acid ...... 0-0122 
_ eee 0-0298 
Ethyl cyclopropane- | Ethyl isobutyrate...... 0°00557 
carboxylate ......... 0°0098 | 
Ethyl 1-acetylcyclopro- | Ethyl dimethylaceto- 
pane-l-carboxylate 0-0173 GOED srncoisnsesenes 0-0160 
3 RR aa 0-0339 PEM Ss.ccnses55sess 0-0231 
Ethyl cyclobutane- | Ethyl methylethyl- 
1 :Jl-dicarboxylate... 0-0261 malonate............0+ 0:0247 
cycloButanecarboxylic a-Methylbutyric acid . 0-0177 
DOME snnsccssestascoes 0-0245 
Ethyl cyclobutanecarb- Ethyl a-methylbutyrate 0-00675 
Oxylate —......seseee 000996 sali nm wai 
n-Meth ro etone 0-00 
cycloPentanone ......... 0-0107 { Disthed hehe asicuces 0-00442 
Ethyl cyclopentanone- Ethyl ethylaceto- 
l-carboxylate ...... 0-0350 WOON. gaigssssnneceos 0-0169 
Pyrrolidine............++ 0-00697 Diethylamine ......... 0-00311 
cycloHexane ..........+. 0-00894 n-Hexane ...........0008 0:00305 
Ethyl n-propyl ketone 0-00550 
cycloHexanone__...... - 0-0280 Methyl n-butyl ketone 0-00584 
cycloHexanol ......... 0-500 Methyl] n-butylcarbinol 0-0398 
cycloHexanecarboxylic a-Ethylvaleric acid ... 0-0206 [50°] 
BOE escccasenscotenvas 0-0838 [50°] 0-0380 [25°] 
Ethyl cyclohexane- | Ethyl a-ethylvalerate 0-00905 
carboxylate ......... 0-0179 | : 
Piperidine ............... 00137 | — Ethyl-n-propylamine . 0-00903 
| n-Butylbenzene ...... 0-00105 
Tetrahydronaphthalene 0-0214 { o-Propyltoluene ...... 0-0102 
Oa | n-Propylaniline ......... 0-0253 
Tetrahydroquinoline . 0-0828 | { Rehots toluidine oie’ 0-0200 
Dipropyl] ketone ...... 0-00685 
cycloHeptanone ...... 0-0259 | | Methel n-emyl ketone 0-00766 


The most obvious conclusion to be 


drawn from the above table is 


that, except in the cycloethane series, cyclic compounds have invari- 
ably a higher viscosity than their open-chain analogues, in spite of 


their deficit of two hydrogen atoms. 


In the cycloethane compounds 


the closed- and open-chain substances have almost equal viscosities, 


but Thorpe and Rodger (Phil. Trans., 


1894, 185, 397) and Dunstan 
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and Thole (T., 1913, 103, 132) have shown that after making 
due allowance for the two hydrogen atoms the viscosity effect of the 
double linking is positive. 

Considering the values for the separate ring-systems it is clear 
that in the smaller rings the difference between closed- and open- 
chain compound is slight, but on ascending the series the divergence 
increases. Ethylenic compounds, for example, have in many cases 
a very slightly lower viscosity than their saturated analogues; the 
cyclopropane derivatives are slightly more viscous than the corre- 
sponding propane compounds, and the divergence increases steadily 
to the cyclohexane series where the cyclic compound has a viscosity 
from three to five times that of the open-chain analogue. Unfor- 
tunately only one cycloheptane compound was available, so definite 
conclusions cannot safely be drawn, but in here also the viscosity 
exaltation is very great. Comparison of the exaltation in the 
ketones cyclopentanone, cyclohexanone, and cycloheptanone shows 
clearly that the value with cycloheptanone is only slightly less than 
with cyclohexauone, and much greater than with cyclopentanone. 

It appears probable, in fact, that viscosity falls into line with the 
other physical properties in showing an anomaly which increases 
as the series is ascended, no reversal of this taking place as one 
passes the five-membered ring. 

Whether this increasing anomaly in viscosity persists in still 
higher ring-systems can, of course, only be determined when more 
experimental material is available, and to this end experiments 
are now in progress for the synthesis of acids and esters of the 
higher cyclo-paraffins, 

It is not altogether easy to suggest a reason for the high viscosity 
of the closed-ring compounds. It is possible that such molecules 
have a much more rigid structure than the open-chain compounds, 
and therefore one might expect a greater difficulty in flowing, a 
difficulty which would naturally increase with the size of the rigid 
structure. 

Attention may be drawn to the interesting additional evidence 
of the effect of symmetry on viscosity, a point which the author 
has previously demonstrated (T., 1912, 101, 1011). 

Five cases of isomeric pairs are indicated in table IV, and of 
each pair the more symmetrical compound is the less viscous. 


The author desires to express his indebtedness to the Research 
Grant Committee of the Chemical Society for a grant which has 
covered much of the cost of the investigation. 
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CLXXXVII.—Oxidatiwn of Papaveraldine 
Methosulphate. 
By Freperick ALFRED Mason and WitL1AmM Henry PERKIN, jun. 


Durine the examination of the behaviour of the alkaloids towards 
oxidising agents, one of the chief experimental difficulties which is 
so frequently encountered when alkaline oxidising agents must be 
used is the insolubility of most of the alkaloids in aqueous liquids. 

It thus happens—for example, where potassium permanganate is 
employed—that some of the alkaloid becomes entangled in the 
hydrated manganese dioxide, and escapes oxidation, whereas the 
part which is attacked being converted into more soluble substances, 
potassium salts, etc., is exposed to the further action of the oxidis- 
ing agent, and yields degradation products of comparatively small 
molecular weight and often much oxalic acid. It is mainly for this 
reason that it has frequently been found so difficult to isolate the 
initial product of the action of the oxidising agent on the alkaloid, 
and that, in its place, a variety of degradation products derived 
from one or the other half of its molecule are the only substances 
which can be discovered. 

This difficulty may sometimes be overcome by oxidising the 
alkaloid in dry acetone solution with solid permanganate, but this 
process is only applicable to special cases, and is sometimes quite 
unsuccessful. 

The conditions required for successful oxidation by permanganate 
in weak alkaline solution are obviously that a derivative of the 
alkaloid should be employed which is readily soluble in water, and 
is not decomposed by weak alkalis. While considering these condi- 
tions, it occurred to one of us that the ideal derivatives for this 
purpose are probably the methosulphates of the alkaloids, since 
these are easily prepared, and are usually soluble and not decom- 
posed except by concentrated alkali. In order to test this possi- 
bility, experiments on the oxidation of the methosulphates of 
several of the leading alkaloids have been undertaken, and one of 
the first to be investigated has been papaveraldine (xanthaline), of 
which, owing to the generosity of Messrs. T. and H. Smith, we 
happened to have a considerable supply. We desire again to 
thank this firm and Dr. Dey, the managing director, for the gift of 
large quantities of valuable material and the interest they have 
taken in these researches. Papaveraldine methosulphate may be 
prepared readily and quantitatively by simply mixing the com- 
ponents; it is a crystalline substance (p. 2016), very readily soluble 
in water, and is not decomposed by dilute alkali. When, however, 
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it is heated with concentrated potassium hydroxide, it suffers 
fission into veratric acid and 3:4-dimethoxyisoquinoline meth6- 
hydroatde : 


OMe OMe 
@ Noe x ‘oMe 
% \/ 
co —- 0O,H 
MeO’ a \N,Me,S0, MeO is Nv, MeOH 
MeO. A / ata Ot Oe 


The oxidation of papaveraldine methosulphate by alkaline per- 
manganate proceeds quite readily at the ordinary temperature, and 
leads to the formation of veratric acid and of three other main 
products, which are called A, B, and C in the experimental part 
of this paper (p. 2018). 

The substance A is a crystalline acid of the formula 

C,.H,30,N,2H,0, 

which melts at 107°, and the investigation of this acid seems to us 
to prove conclusively that it is 3:4-dimethoxy-6-methylcarbamyl- 
phenylglyoxylic acid (I). This glyoxylic acid dissolves in hydro- 
chloric acid, and, if the solution is boiled, crystallisation soon 
commences and 1: 3: 4-triketo-6: 7-dimethozy-2-methyl-1: 2: 3: 4- 
tetrahydroisoguinoline (II) separates in bright yellow needles. 
When the glyoxylic acid is digested with dilute nitric acid it is 
partly oxidised, and a crystalline substance melting at 267° is 
formed, which investigation has shown to be m-hemipinmethylimide 
(III), and the same change takes place when the acid is treated 
with other oxidising agents, such as bromine water or perman- 
ganate*: 


* In this connexion it is of interest to notice that Freund (Ber., 1899, 22, 456, 
1156, 2322, 2329; Annalen, 1892, 271, 320) has observed that hydrastine, when 
oxidised with permanganate, yields hydrastinic acid and that this acid is oxidised by 
nitric acid to the — of hydrastic acid : 


, ) co 
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and also that Freund and Beck (Ber., 1904, 37, 1942) have prepared the parent 
substance of II from NV-methyltetrahydroisoquinoline by oxidation with chromic acid : 


CH, co 
ie NN Me — "* . \NMe 
|) Jon CO 

Pha we 
VE, 6 


Sere ae 


Cet = a as 


OXIDATION OF PAPAVERALDINE METHOSULPHATE. 2015 


co 
CO-NHM 
MLO” \4 * Meo” be Nie Meo” \A fe 
MeU! MeO! MeO! NMe 
7 Nena os WZ 
(I.) rhe sia 


Since m-hemipinmethylimide had not previously been described, 
we prepared it by distilling the methylamine salt of m-hemipinic 
acid (p. 2021), and find that it melts at 266—-267°, and that it is 
identical, not only with the substance obtained from the glyoxylic 
acid as described above, but also with B, which is one of the 
substances formed during the oxidation of papaveraldine metho- 
sulphate with permanganate. When the glyoxylic acid is reduced 
by sodium amalgam or by tin aud hydrochloric acid, it is doubtless 
in the first place converted into the corresponding glycollic acid 
(IV), but this undergoes internal condensation with loss of water, 
and yields 3:4-dimethoxyphthalimidine-l-carbozylic acid (V). This 
interesting acid melts at 147—-150° with gradual decomposition, 
and when it is heated at 170—180° the change is rapid, carbon 
dioxide is eliminated, and 3:4-dimethoxyphthalimidine (VI) is 
produced, a substance which melts at 145—146°, and is oxidised 
by acid permanganate to Be aati (III): 


CO-NH Me 


Meo’\/~ Meo” A N Meo” \, = 
MeO. hi Med) N° Me cO. Aye 
CH(OH):CO,H eae We 
(IV.) (v.) (VI) 


The substance C, which under certain conditions (p. 2021) is 
produced in large quantity during the oxidation of papaveraldine 
methosulphate with permanganate, is a base, characterised by the 
insolubility of its hydrochloride in hydrochloric acid. Examination 
has shown that this base is 6:7-dimethoxy-2-methylisocarbostyril 
(VII), a substance which had already been obtained by Pschorr and 
by Decker and Koch (compare p. 2022), and it is further character- 
ised by the fact that it yields a crystalline nitro-derivative, of 
the probable constitution (VIII), which has been prepared by 
Pyman (T., 1910, 97, 270) by a different process, and melts at 
about 245°: 
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Since it is clear that 3: 4-dimethoxy-6-methylcarbamylphenylgly- 
oxylic acid must be derived from the dimethoxyisoquinoline portion 
of the molecule of papaveraldine, it seemed interesting to determine 
whether the same acid could be obtained from dimethoxyisoquino- 
line itself by a similar process of oxidation. In order to test this, 
the base (compare T., 1911, 99, 135) was combined with methyl 
sulphate, and the crystalline additive product oxidised with per- 
manganate under the conditions given in detail on p. 2023, when 
it was found that the product of oxidation contained considerable 
quantities of the glyoxylic acid. 


EXPERIMENTAL. 
Papaveraldine Methosulphate. 


This substance is readily prepared by thoroughly mixing papa- 
veraldine (50 grams) with pure methyl sulphate (50 grams) in a 
mortar, when a yellow paste is formed which is then transferred to 
a beaker and heated on the steam-bath until a clear, deep yellow 
syrup is produced. Methyl alcohol (80 c.c.) is then added, the 
solution well stirred and allowed to remain for about an hour until 
the whole has set to a thick, microcrystalline paste. 

The methosulphate is collected, washed with a little methyl 
alcohol, drained on porous porcelain, and dried in the steam-bath. 

For analysis, the substance was recrystallised from methyl 
alcohol, from which it separates as a lemon-yellow, microcrystalline 
powder containing approximately one molecule of methyl alcohol of 
crystallisation : 


0°5897 * lost 0°0308 at 100°. MeOH=5:2. 
Cop Hyg0;N,Me,SO,,MeOH requires MeOH=6°3 per cent. 
0°2326 + gave 0°4638 CO, and 0°1070 H,O. C=54'4; H=5'l. 
0°2013+ ,, 0°1033 BaSO, S=7°0. 
C..H,,0)NS requires C=55°1; H=5'2; S=6'6 per cent. 
Papaveraldine methosulphate is readily soluble in water or boil- 
ing methyl or ethyl alcohols, but sparingly so in chloroform or 
benzene. 

Potassium hydroxide, when added to the aqueous solution, pro- 
duces an orange precipitate which dissolves in excess of the alkali, 
and when the orange solution is boiled hydrolysis takes place with 
the formation of veratric acid and a basic substance, which is 
probably dimethoxyisoquinoline methohydroxide. 

After heating for half an hour on the steam-bath, the product 
was filtered from a small amount of tar and mixed with excess of 
hydrochloric acid, when an immediate precipitate of veratric acid 


* Air-dried. + Dried at 100°. 
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was obtained, and, after removing this, the filtrate was nearly 
neutralised and concentrated on the steam-bath. The filtrate from 
the inorganic salts was then allowed to evaporate to dryness over 
potassium hydroxide in a vacuum, when a mass of buff crystals 
resulted, and, after crystallising several times from 90 per cent. 
alcohol, the substance was obtained in lemon-yellow spherules, 
which, when rapidly heated, melted at 257—259°. 

On examination, this substance proved to be the hydrogen 
sulphate of 6:7-dimethoxy-N-methylisoquinoline : 

CH 
Meo’ \/ \NMe-HSO, 


M H 
eC” i 
CH 


(compare p. 2014): 
0°1664 gave 0°1246 BaSO,. SO,=31°3. 
C,,.H,,0,.N,HSO, requires SO,=31°9 per cent. 

The platinichloride was prepared in the usual manner, and 
analysed : 

0°1675 gave 0°0396 Pt. Pt=23°6. 

(C,,H,,0,N).,H,PtCl, requires Pi=23°8 per cent. 

The identity of the substance was further confirmed by the pre- 
paration of the picrate, which separated from boiling water in 
lemon-yellow needles, melted at 221—223°, and was identical with 
the picrate prepared from a pure specimen of dimethoxyisoquinoline 
methosulphate (p. 2023). 


Oxidation of Papaveraldine Methosulphate. 


In carrying out this operation, the methosulphate (50 grams), 
dissolved in water (500 c.c.), was mixed with concentrated aqueous 
potassium hydroxide (25 grams KOH), and then a cold saturated 
solution of permanganate, corresponding with four atoms of oxygen 
(40 grams) was gradually added, the whole being cooled from time 
to time so that the temperature did not rise above 30°. As soon 
as the decolorisation of the permanganate was complete, the product 
was heated on the steam-bath, filtered, and the filtrate and wash- 
ings of the manganese precipitate cooled and mixed with excess of 
hydrochloric acid, when, in a few minutes, the pale yellow liquid 
became pasty owing to the separation of veratric acid, 

C,H;(MeO),°CO.H. 
This was removed by filtration, and the filtrate allowed to remain 
in the ice-chest for twelve hours, during which a considerable crop 
of a substance (A, p. 2018) separated in glistening, colourless plates, 
and was collected and washed with a little water. The mother 
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liquor was neutralised with dilute potassium hydroxide, and con- 
centrated considerably by distillation under diminished pressure, 
when, on keeping, a mass of feathery crystals separated (B, p. 2020). 
The filtrate from these crystals was then evaporated nearly to 
dryness, and the residue extracted twice with hot alcohol, the 
potassium chloride was removed by filtration, washed with alcohol, 
aud the filtrate and washings evaporated from the steam-bath under 
diminished pressure, when a viscid, brown syrup remained. When 
this syrup was stirred with a little concentrated hydrochloric acid 
it became semi-solid owing to the separation of a pale buff mass of 
minute, felted needles (C’, p. 2021), which were collected and drained 
on porous porcelain. 


3 :4-Dimethoxy-6-methylcarbamylphenylglyoxylic Acid, 


CHEMO) <C0.C0,H 
The substance (A), obtained by the oxidation of papaveraldine 
methosulphate in the manner just described, was several times 
recrystallised from water and dried in a vacuum desiccator : 
0°3135 gave 0°5408 CO, and 0°1610 H,O. C=47:1; H=5-7.* 
06686 ,, 27°2 c.c. N, at 16° and 758 mm. N=4’7. 
Cj.H)30,N,2H,O requires C=47°5; H=5°6; N=4'6 per cent. 
Titration.—0°6032, dissolved in water, required 20°8 c.c. 
N/10-NaOH for neutralisation, whereas this amount of a mono- 
basic acid, C,,H,-O,N, should neutralise 19°9 c.c. The water of 
crystallisation was determined by heating a weighed quantity of 
the substance at 190° by means of a glycerol bath in a small flask 
connected with a calcium chloride absorption tube, while a stream 
of dry air was passed, when 1°1590 lost 0°2050, whereas the calcu- 
lated loss is 0°2065. 
3:4-Dimethozy-6-methylcarbamylphenylglyozylic acid melts at 
107°, with evolution of gas, to a yellow syrup; it is sparingly soluble 
in cold, but readily so in hot, water; it also dissolves readily in 
methyl and ethyl alcohols and in acetone, but is sparingly soluble 
in benzene and almost insoluble in light petroleum. This acid does 
not appear to yield an acetyl or nitroso-derivative, and it exhibits 
remarkable stability to the action of alkalis, since it is only slowly 
decomposed with evolution of methylamine when it is boiled with 
concentrated potassium hydroxide, and then profound decomposi- 
tion takes place, so that it was not found possible to isolate 
dimethoxycarboxyphenylglyoxylic acid from the alkaline solution. 
When this solution was acidified and extracted with ether, a sub- 
stance was obtained which gave an intense coloration. with 


* Another analysis gave C=47°0; H=5°7, 
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ferric chloride and showed similarity to nor-m-hemipinic acid, 
C,H,(OH),(CO,H)>. 


3 anaes ins ryt = l-carboxylic Acid, 
C,H,(Me0),< 4 CH(CO, 0, Me. 


The reduction of dimethoxymethylcarbamylphenylglyoxylic acid 
may be brought about by adding granulated tin and a drop of 
platinic chloride to the solution of the acid in concentrated hydro- 
chloric acid, when, after heating for a few minutes, a mass of hair- 
like needles separates and melts at 147—-150°. A better method of 
preparation is t2 dissolve the glyoxylic acid in dilute sodium 
carbonate, add excess of freshly prepared 3 per cent. sodium amal- 
gam, and, after allowing to remain for several hours with frequent 
stirring, to acidify, when the new acid separates in an almost pure 
condition. 

For analysis the substance was recrystallised from water and 
dried in the steam-bath: 

0°1158 gave 0°2425 CO, and 0°0550 H,O. C=57'1; H=5°3. 

0°2070 ,, 90 cc. N, at 10° and 763 mm. N=52. 

C,.H,;0;N requires C=57°3; H=5'1; N=5'6 per cent. 

3: 4-Dimethoxy-6-phthalimidine-l-carbozylic acid melts at 
147—150° with gradual evolution of carbon dioxide and formation 
of 3:4-dimethoxyphthalimidine ; it is readily soluble in hot water, 
and separates on cooling as a felted mass of slender needles. 


Meo” \, . 
3 :4-Dimethozy phthalimidine, MeO Me. 


Ms Net 
CO 


When 3 :4-dimethoxyphthalimidine-l-carboxylic acid is heated at 
170—180° it. rapidly loses carbon dioxide, and a substance is left 
which separates from a little water as a compact mass of felted 
needles : 

0°1637 gave 0°3813 CO, and 0°0952 H,O. C=63°5; H=6°5. 

0°2292 ,, 135 cc. N, at 17° and 745 mm. N=6°6. 

C,,H,,0,N requires C=63°7; H=6°3; N=6'7 per cent. 
3:4-Dimethoxyphthalimidine melts at 145—146°, and is sparingly 
soluble in cold, but readily so in hot, water; it dissolves readily 
in hot benzene, and separates on cooling in needles; it has basic 
properties, and dissolves in dilute mineral acids. This substance 
closely resembles V-methylphthalimidine, which Graebe and Pictet 
(Ber., 1884, 17, 1173; compare Annalen, 1888, 247, 303) prepared 
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from potassium phthalimide by the action of methyl iodide and 
reduction of the methylphthalimide so obtained with tin and 
hydrochloric acid. This substance is readily oxidised by perman- 
ganate to methylphthalimide, and it seemed probable that a similar 
change would take place in the case of the dimethoxy-derivative. 

In order to test this, dimethoxyphthalimidine (1 gram) was dis- F 
solved in excess of dilute sulphuric acid and oxidised by the 
addition of pernianganate (30 c.c. of 3 per cent.), when a colourless, 
crystalline substance separated, which was collected, recrystallised 
from benzene, and recognised by its melting point (266—267°) and 
other properties as m-hemipinmethylimide (see below). 


1:3:4-Triketo-6 : 7-dimethory-2-methyl-1 : 2:3 :4-tetrahydro- 


CO 
isoquinoline eo’ \” \NMe 
Meo 00 

“60 


3 :4-Dimethoxy-6-methylcarbamylphenylglyoxylic acid dissolves 
moderately readily in concentrated hydrochloric acid, and, on boil- f 
ing the colourless solution, it changes to bright yellow; crystallisa- 
tion soon sets in, and the mass becomes semi-solid. The precipitate 
was collected, recrystallised from alcohol, and dried in the steam- 
bath: 

0°1298 gave 0°2721 CO, and 0°0532 H,O. C=57°4; H=4°6. 

071298 ,, 9°6c.c. N, at 18° and 765 mm. N=6°0. 

C,.H,,0;N requires C=57°8; H=4'4; N=5‘6 per cent. iY 

Triketodimethoxymethyltetrahydroisoquinoline melts and decom- 
poses at about 270—271°, and is sparingly soluble in water or in 
methyl or ethyl alcohol ; it dissolves in concentrated sulphuric acid, 
yielding an orange-brown solution. It is insoluble in cold sodium 
carbonate, but dissolves on boiling, yielding a colourless solution, 
from which, on addition of hydrochloric acid, dimethoxymethy]- 
carbamylphenylglyoxylic acid separates. 


CO 


i 
m-Hemipinmethylimide, MeO) NMe. 


Maal al | 
Co 


The substance (B) obtained in small quantity from the product 
of the oxidation of papaveraldine methosulphate in the manner 
described on p. 2018, crystallised from acetone in needles, melting 
at 266—267°; 


f 
) 
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0°1399 gave 0°3085 CO, and 0°0671 H,O. C=60°1; H=5°3. 
0°1860 ,, 10°7 c.c. N, at 19° and 753 mm. N=6°6. 
C,,H,,0,N requires C=59°7; H=5°0; N=6°3 per cent. 

This analysis and the properties of the substance seemed to 
indicate that it is the methylimide of m-hemipinic acid, and this 
was proved to be the case by its preparation from dimethoxy- 
methylearbamylphenylglyoxylic acid, and subsequently from 
m-hemipinic acid. 

When dimethoxymethylcarbamylphenylglyoxylic acid is warmed 
with dilute nitric acid (30 per cent.), a vigorous action takes place, 
and the liquid soon becomes semi-solid owing to the separation of 
a mass of slender, felted needles. These were collected and recrystal- 
lised from benzene or acetone, when the pure substance melted at 
266—267°, and was found to be identical with the substance (B) 
described above (Found: C=60°0; H=5'2; N=6°6 per cent.). It 
was subsequently observed that the glyoxylic acid is converted 
into m-hemipinmethylimide by the action of other oxidising agents, 
for example, by bromine water or by potassium permanganate in 
the cold, and this explains its occurrence among the products of 
the oxidation of papaveraldine methosulphate by permanganate. 

m-Hemipinmethylimide from m-Hemipinic Acid.—Since this 
methylimide does not appear to have been previously described, it 
was prepared by dissolving m-hemipinic acid in excess of aqueous 
methylamine, evaporating to dryness, and then distilling the crystal- 
line residue, when water was eliminated and practically the whole 
sublimed in feathery needles. 

The m-hemipinmethylimide thus obtained separated from benzene 
in small needles, melted at 266—-267°, and was identical with the 
substance (B), which had been isolated from the product of the 
oxidation of papaveraldine methosulphate. It is readily soluble in 
chloroform, but sparingly so in alcohol, benzene, or light petroleum, 
and is almost insoluble in water. The solution in benzene exhibits 
a pale blue fluorescence. 

CO 


i % 
6: 7-Dimethoxy-2-methylisocarbostyril, eye a 


ae 


One of the substances isolated from the product of the oxidation 
of papaveraldine methosulphate was a buff-coloured hydrochloride 
(C, p. 2018), and this was purified by solution in water and precipi- 
tation with hydrochloric acid, the operation being repeated until 
the substance was quite colourless. For analysis the substance was 
dried over calcium chloride in a vacuum desiccator (Found, 
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C=56'8; H=5'9; N=5°6; Cl=13'4. C,,H,,0,N,HCl requires 
C=564; H=5°5; N=5°4; Cl=13°9 per cent.). 

The rather high values for carbon and low values for chlorine are 
due to the fact that the substance slowly loses hydrogen chloride in 
a vacuum since the same specimen, after remaining for a week in 
the desiccator, contained only 13°0 per cent. of chlorine. 

This hydrochloride melts at about 183—185°, and, when decom- 
posed by alkali, yields the free base, which melts at 109°. There 
can therefore be no doubt that this hydrochloride is the hydro- 
chloride of 6 : 7-dimethoxy-2-methylisocarbostyril, and identical with 
the substance (dimethoxy-NV-methylisoquinoline hydrochloride), 
which Pschorr (Ber., 1904, 37, 1932) obtained, together with 
6-nitrohomoveratrole, from nitropapaverine methiodide by the action 
of potassium hydroxide. Pschorr states that the hydrochloride melts 
at 185—186°, and the free base at 107°, and Decker and Koch 
(Ber., 1905, 38, 1740; compare ibid., 1904, 37, 3401), who 
obtained the same substance from dimethoxyisoquinoline metho- 
salts by oxidation with potassium ferricyanide, also give 185—186° 
as the melting point of the hydrochloride and 109—110° as the 
melting point of the free base. The most striking property of the 
hydrochloride is the fact that, although it is very readily soluble 
in water, it is almost completely precipitated by excess of hydro- 
chloric acid. The picrate, prepared from the solution of the hydro- 
chloride by the addition of picric acid, was found to melt at 137°, 
which agrees with the melting point observed by Pschorr for the 
picrate of the base prepared by his method. In connexion with the 
formation of dimethoxymethylisocarbostyril from papaveraldine 
methosulphate, we have carried out a series of comparative experi- 
ments with the object of ascertaining the best conditions for its pre- 
paration. As the result of these we find that when papaveraldine 
methosulphate (50 grams), dissolved in water (1 litre), is mixed 
with potassium hydroxide (20 grams) and powdered ice and oxidised 
by the gradual addition of permanganate (35 grams) in water 
(1 litre) under substantially the conditions described in detail on 
p. 2017, that the yield of hydrochloride is at least 60 per cent. of 
that theoretically possible, and sometimes considerably more. 

Action of Nitric Acid.—When the hydrochloride is warmed with 
dilute nitric acid (1 in 20), it dissolves, and the dark brown solu- 
tion soon becomes yellow, and deposits a yellow, crystalline precipi- 
tate. This was collected and recrystallised from acetone, in which 
it is sparingly soluble, and was thus obtained as a felted mass of 
lemon-yellow needles : 


0°1306 gave 0°2608 CO, and 0°0556 H,O. C=54:5; H=4°7. 
00986 ,, 94c.c. N, at 16° and 758mm. N=10°9. 
C\,H,,0;N, requires C=545; H=4'5; N=10°6. 


ae adel 
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This substance is therefore the mononitro-derivative; it melts at 
240—241°, and is evidently identical with 5(or 8)-nitro-1-keto-6 : 7- 
dimethoxy-2-methyl-1 :2-dihydroisoquinoline, which Pyman (T., 
1910, 97, 270) obtained by the action of concentrated nitric acid 
on ketodimethoxymethyltetrahydro/soquinoline: 


co co 

MeO0/ \/ \NMe _. MeO” + a \NMe 

a AP MO A 7 
CH, No, UH 


and also on 6:7-dimethoxy-N-methylisoquinoline itself, and which 
softens at 240° and melts at 244—-245° (corr.). 


Formation of 3:4-Dimethoxy-6-methylcarbamyl phenylglyoxylic 
Acid from Dimethozyisoquinoline Methosulphate. 


The dimethoxyzsoquinoline required for these experiments was 
prepared from papaveraldine by fusion with potassium hydroxide 
according to the method described by Dobson and Perkin (T., 1911, 
99, 135). 

In order to prepare the methosulphate, the base (5 grams), dis- 
solved in benzene (30 c.c.), was gradually mixed with a solution of 
methyl sulphate (5 grams) in benzene (10 c.c.), when a pasty mass 
soon formed which was collected, drained on porous porcelain, and 
recrystallised from alcohol : 

0°3222 gave 0°2396 BaSO,. S=10°2. 

C,,H,,0,.N,Me,SO, requires S=10°2 per cent. 

Dimethoxyisoquinoline methosulphate separates from alcohol in 
colourless needles, and melts at about 202—-203°. It is readily 
soluble in water, acetone, or methyl or ethyl alcohols, but very 
sparingly so in benzene. In studying the oxidation, the metho- 
sulphate (3 grams), dissolved in water (25 c.c.), was mixed with 
potassium hydroxide (1 gram), and, after ice had been added, a 
solution of potassium permanganate (4 grams) in water (50 c.c.) 
was slowly run in, the whole being vigorously stirred during the 
addition. As soon as the oxidation was complete, the product was 
nearly neutralised with dilute hydrochloric acid, boiled, filtered, 
and the filtrate and washings of the manganese precipitate evapor- 
ated under diminished pressure to about 10 c.c. The deep brown 
liquid was acidified with hydrochloric acid, and allowed to remain 
in the ice-chest, when a quantity (0°7 gram) of colourless crystals 
separated, which were found to consist of 3 :4-dimethoxy-6-methyl- 
carbamylphenylglyoxylic acid (p. 2018). 
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Dimethozxyisoquinoline Veratroyl Chloride, 
CH 
A\/\x C0'C,H,(OMe)». 
| lev Ot 


a ee 
CH 

This interesting substance is readily obtained when dimethoxy- 
tsoquinoline (2 grams), dissolved in dry ether (50 c.c.),is mixed with 
a solution of veratroyl chloride (2 grams) in dry ether (50 c.c.). 

The precipitate which separates immediately is collected and 
recrystallised from alcohol, from which it separates in microscopic 
needles : 


0°3085 gave 0°1124 AgCl. Cl=9°0. 
CopHo90;NCl1 requires Cl=9°1 per cent. 


Dimethoxyisoquinoline veratroyl chloride melts indefinitely at 
about 177—187°, and is sparingly soluble in benzene, but readily 
so in chloroform, and is decomposed on warming with water. It is 
curious that the freshly prepared substance is bright yellow, but, 
on keeping exposed to the air, soon becomes colourless. This sub- 
stance is isomeric with papaveraldine hydrochloride, but all 
attempts to convert it into this by isomeric change were unsuc- 
cessful. 


UNIVERSITY CHEMICAL LABORATORY. 
OxForpD. 


CLXXXVIII.—d- and dl-Epicamphor. 
By ReEciInaLD Furness and Witi1aM Henry PERKIN, jun. 


In the previous communication (Bredt and Perkin, T., 1913, 103, 
2182) it was shown that /-epicamphor, 


CH,-CH——CO 


CMe, 


CH,-CMe—-CH, 


may be prepared from d-camphor by several different processes, and 
of these one of the most convenient is the following: 
d-Camphor (I) is converted into camphorcarboxylic acid (II), and 
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this, on electrolytic reduction, yields the isomeric borneolcarboxylic 
acids (III): 


CH H:CO,H CH:CO,H 
OH < ho" C Hite CH < ay. OH 
(I.) (1I.) (III.) 


These acids readily lose water when treated with acetyl chloride 
with the formation of bornylene-3-carboxylic acid (IV) from the 
ester of which, by the action of hydroxylamine in the presence of 
sodium methoxide, bornylene-3-hydroxamic acid (V) is obtained: 


, C-CO,H C-C(OH):N-OB. 
C s4u<Hy ' C, sHi<Ue ( * 
(1V.) Pi 


This hydroxamw acid readily undergoes intramolecular change 
when it is heated or subjected to the action of toluene-p-sulphonyl 
chloride, and the product, on distillation with hydrochloric acid in 
a current of steam, yields l-epicamphor (m. p. 182°; ay —58°21°). 

This process is probably correctly represented by the following 
series of changes: 


C *C(OH):N-OH C- N:C:0 
C sHiu<ty ne — sHu<da 
sendin anal acid. Jornylene-3-isocyanate. 
C-NH:CO,H C NH, 
CA ; — C sHi<ha — 
Bornylene-8-carbamic acid. 3- IS 
C. NH CO 
C,H, CH, —_> CH <n, 


/-Epicamphor. 

It will be seen that the conversion of d-camphor (m. p. 
177—178°; +39°1°) into J/-epicamphor (a,—58°21°) has been 
accompanied by a reversal of the sign of rotation. In continuing 
this investigation it was thought that it would be interesting to 
prepare d-epicamphor, and this has been rendered possible by the 
generosity of Prof. W. J. Pope, who kindly placed at our disposal 
a quantity of optically pure /-camphor sufficient for this purpose. 
This was first converted, by the action of sodamide and carbon 
dioxide (compare T., 1913, 108, 2214), into l-camphorcarbozylic 
acid, which does not appear to have been previously described. 

The acid obtained in this way crystallised well from water or 
from a mixture of benzene and light petroleum, melted at 
125—127°, and 0°8598, dissolved in ethyl acetate and made up to 
20 c.c., gave a, —57°4°. 

This acid was reduced electrolytically by the process described 
by Bredt and his co-workers (A nnalen, 1906, 348, 200; 1909, 366, 
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1) to a mixture of /-borneolcarboxylic acids, from which, by the 
action of acetyl chloride and subsequent distillation, 1-bornylene-3- 
carboxylic acid was obtained. This acid, like the corresponding 
d-acid, was found somewhat difficult to purify; it was recrystallised 
several times from dilute acetic acid and from acetone, and then 
melted at 110—112°, and had, in ethyl acetate, a, —144°, whereas 
the d-acid melts at 112° and has a, +149°5°. The ester of this 
acid was next converted into l-bornylene-3-hydroxamic acid (m. p. 
135—136°), and then into d-epicamphor by the process already 
described in detail in the case of the preparation of /-epicamphor 
(T., 1913, 108, 2206). After purification by means of the semi- 
carbazone,* d-epicamphor melted at 182°, and had, in benzene 
solution, a, +58°4°; the semicarbazone melted at 237—238°, and 
d-epicamphorozime had m. p. 103° and a, —98°9° in benzene 
solution, and these properties, except for the reversal of the sign, 
are practically identical with those of /-epicamphor. 

dl-Zy~icamphor was prepared by mixing the methyl-alcoholic solu- 
tions of equal quantities of d- and /-epicamphor and precipitating 
by the addition of water, but larger quantities were made from 
dl-bornylene-3-carboazylic acid. This acid was obtained by mixing 
d-bornylene-3-carboxylic acid with an equal amount of the corre- 
sponding J-acid, and crystallising the product from dilute acetic 
acid ; it melted at the same temperature as the active modifications, 
namely, at 110—112°, and was converted into d/epicamphor 
through the hydroxamic acid in the usual manner. dl-Epicamphor 
separates from light petroleum (b. p. 50—60°, in which it is very 
readily soluble), especially when the highly concentrated solution 
is left for some days in the ice-chest, as a paste of definite crystals, 
and melts at 180° (uncorr.), that is to say, at practically the same 
temperature as the corresponding active modifications. 

The oxime separated from dilute alcohol in needles, and melted 
at 98—100°, and bromo-dl-epicamphor, prepared by the direct 
action of bromine (compare Joc. cit., p. 2209), after recrystallisation 
from light petroleum, from which it separated in nodular masses, 
melted at 135°. 

In all these cases the melting points practically coincide with 
those of the active epicamphors and their derivatives, and in this 


* In preparing epicamphor from the hydroxamic acid, instead of proceeding with 
the purification as described in the previous communication (/oc. cit., p. 2207), a much 
more advantageous method is to convert the crude epicamphor, after distillation in 
steam, into the semicarbazone by boiling with an equal weight of semicarbazide 
hydrochloride and of sodium acetate in 70 per cent. alcoholic solution for two hours. 

After remaining overnight in the ice-chest, the crystalline mass is collected and 
washed with ice-cold alcohol until colourless ; it is then mixed with hydrochloric 
acid and distilled in a current of steam, when pure epicamphor passes over. 
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respect epicamphor behaves like camphor, since the active and 
inactive modifications of camphor all melt at practically the same 
temperature, namely, at about 178°. Few only of the derivatives 
of dl-camphor have been described, but the oxime melts at the 
same temperature (118°) as the active camphoroximes, and other 
derivatives will doubtless be found to behave in a similar manner. 


We wish to express our thanks to Messrs. R. R. Baxter and 
R. G. Fargher for undertaking the preparation of considerable 
quantities of the active epicamphors required for this investigation. 
We also wish to state that part of the expense of this investigation 
was covered by a grant from the Research Fund of the Royal 
Society. 

Universiry CHEMICAL LABORATORY, 
OXFORD. 


CLXXXIX.—The Firing of Gases by Adiabatic Com- 
pression. Part I. Photographic Analysis of the 
Flame. 


By Harotp Batty Dixon, Lawrence Brapsnaw, and 
CoLtin CAMPBELL. 


Tue firing of an explosive mixture of gases by rapid compression in 
a cylinder, according to the suggestion of Professor Nernst, 
appeared to offer a convenient method of determining the ignition- 
points of gases—provided that it could be shown (i) that the 
ignition is not produced locally by waves whilst the mass of the gas 
is still far below its ignitien point, and (ii) that the piston does 
not move forward appreciably after the gas is raised to the ignition 
point. Falk’s determinations, made by Nernst’s method, showed, 
in some cases, close agreement with the results obtained by Dixon 
and Coward, but in others there were wide differences ; for example, 
Dixon and Coward found the ignition-point of electrolytic gas 
gradually diminishes with increase of pressure, the curve indicating 
that at high pressures the ignition-point would lie somewhat below 
560°. Falk found by adiabatic compression the ignition-point of 
electrolytic gas to be 540°, assuming the ratio of the mean specific 
heats to be 1°40. On the other hand, whilst Dixon and Coward 
found the ignition-point of hydrogen to be only one or two degrees 
higher in air than in oxygen, Falk found the ignition-point of 
hydrogen and air to be more than a hundred degrees higher than. 
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the ignition-point of electrolytic gas. When, as in wal«s uxperi- 
ments, the piston is stopped by the explosion itsely, m w wivvious 
that if the rapidity of inflammation varies appreciaoly 1a wserent 
mixtures the true ignition-points will not be indicatea oy vsw uravel 
of the piston. In pure electrolytic gas the rapidity of mtianmwation 
might be such as to check the piston in an inapprevimusy small 
interval of time after the ignition-point is reached, but in the 
mixture of hydrogen and air the slower inflammation might allow 
the piston to move forward appreciably during the initiation and 
spread of the flame. Falk, himself, states that the gases detonate 
practically instantaneously when the ignition-point is reached— 
partly on theoretical grounds, and partly because he observed no 
difference in the ignition-point of electrolytic gas when the weight 
was dropped on the piston from a greater or a less height. He 
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peas 1, showing details of arrangements for guiding and stopping piston 
in the compression of gases. 


did not, apparently, try this experiment with one of the more 
slowly inflaming mixtures, such as hydrogen, with an excess of 
oxygen or with air. 

In order to study the initiation of the flame produced by the 
adiabatic compression of gases, experiments were made in glass 
tubes so arranged that the flame could be analysed by being photo- 
graphed on a rapidly moving film. 

In diagram 1 AA was a stout glass tube 12 mm. in diameter 
and 650 mm. long containing the gases to be compressed. This 
tube was held by means of wooden clamps in a horizontal position 
with its closed end (cushioned by a pad of velvet) against a stout 
wooden support. The steel piston-rod BB could be rapidly forced 
into the tube by the falling pendulum (W), which was suspended 
from a beam in the ceiling by a trelliswork 3 metres long 
(diagram 2). 

To prevent the piston-rod from buckling under the sudden 
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strain, it was held by three steel cases (C,D,#), which slid one 
inside the other as in a telescope, and supported the long piston 
as it was being pushed home. 

The pendulum could be arrested at any desired point by means 
of the wooden blocks (H#), the position of which could be adjusted 
by inserting or removing steel plates (/’¥)—thus allowing a smaller 
or greater compression. 

The image of the flame was focussed by means of a lens on to 
the photographie film, which was fastened on to a wheel, 1 metre 


N= 
N, B 


N 


Diagram 2, showing glass tube with piston arranged for compression 
by falling pendulum. 


in circumference, capable of being rotated in a vertical plane at 
any speed between 20 amd 60 revolutions per second as desired. 
The actual motion recorded on the film is therefore compounded of 
two velocities: (1) The vertical downward velocity of the film, and 
(2) the horizontal velocity of the image of the flame. 

In the first instance experiments were made with mixtures of 
carbon disulphide and oxygen. Carbon disulphide was chosen 
because of its low ignition-point and of the actinic character of 
its flame. é 

VOL. CV. 6 Q 
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The general appearance of the photographs obtained by the com- 
pression of mixtures of carbon disulphide and oxygen is shown on 
Plate 1. The films (from which the prints are directly made) were 
moving vertically downwards, at the rate of 20 metres per second, 
the tube was fixed horizontally, and the piston driven in from left 
to right of the photographs. Narrow strips of black paper were 
fastened on the tube at intervals of 25 mm. from the closed end; 
these form vertical dark lines on the prints at intervals of 6 mm., 
and serve as reference marks. The horizontal movement of the 
flame along the tube is thus reduced in the photograph to about 
one-fourth of its true amount, whilst the vertical movement is that 
of the film. The flame is seen to start from a point or layer, 
somewhat ill-defined—sometimes near the closed end of the tube 
as in No. 1, sometimes near the piston as in No. 2, and more often 
between the two as in No. 3 and 4. In No. 4 a longer column of 
gas was compressed. The narrow, bright streak of light seen in 
‘some of the photographs to follow the piston as it is driven back is 
due to the burning of the lanoline used as lubricant on the piston- 
head. 

The flame always took an appreciable time to spread through the 
space occupied by the gas, and in no instance did the flame travel 
through the tube with a velocity approaching that of detonation. 
In the fastest instance observed, the flame travelled 25 mm. in 
1/4000 of a second, that is, at 100 metres per second ; whereas the 
explosion-wave travels in this mixture at a rate of nearly 1800 
metres per second (Dixon and Russell, T., 1899, 75, 605). 

In order to examine the effect of gradually increasing the com- 
pression, a series of experiments was made under as nearly as 
possible the same conditions, except that the piston was driven 
in a little further in each successive trial. The length of the column 
of uncompressed gas was 630 mm. in each case; in three experi- 
ments the column was compressed to 67 mm., 44 mm., and 32 mm. 
respectively. The photographs of the ‘three flames taken on films 
moving vertically downwards at a rate of 20 metres per sec. are 
shown in Nos. 5, 6, and 7. In No. 7 the tube was fractured, but 
not before the flame had traversed the column of compressed gas. 
It was evident from these experiments that the piston was not 
stopped at the moment the gases reached their ignition-point, but 
at the moment the moving force was removed. The position of the 
collar showed that the momentum of the piston alone was not 
sufficient to move it appreciably after the arrest of the pendulum. 
Further experiments also made it clear that the piston could be 
driven in much further than in No. 7. The minimum volume 
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observed when a gaseous mixture is fired by adiabatic compression 
is therefore no criterion of its ignition-point. 

Again, although it is. not possible to determine in the photo- 
graphs the exact moment of time when the flame reached the 
piston, this moment may be determined within fairly narrow limite ; 
for instance, in No. 4 it is clear that the film had travelled down- 
wards between 24 mm. and 30 mm. after the first appearance of the 
flame, and before the flame reached the advancing piston. From 
the known velocity of the film the flame, therefore, must have been 
travelling from 1°2 to 1°5 thousandths of a second before it reached 
the piston. During this period, however, the piston was advancing, 
and from its known rate must have moved 3 to5 mm. The gas did 
not fire then, when the column was compressed to 76 mm. as the 
photograph appears to show, but when the column was still about 
80 mm. long. 

In order to examine what difference, if any, was made in the 
initiation of the flame by the rapidity with which the piston was 
driven in, experiments were made with all the other conditions— 
tube, mixture, total compression—the same, except the height from 
which the pendulum fell. 

In Nos. 8 and 9 the gaseous column was 630 mm. long before 
compression, and it was compressed to 60 mm. in each case, as 
indicated by a collar sliding on the piston rod. The speed of the 
film was 20 metres per sec. in each case. 

In No. 9 with a slow motion of the piston the flame is seen to 
travel from the firing-point at a rate not exceeding 14 metres per 
sec.; in No. 8 with a faster motion of the piston the flame is seen 
to travel with a velocity of over 60 metres per sec. 

In the experiments so far made we could detect little evidence 
of any violent compression-waves set up by the movement of the 
piston. No. 8 gives evidence of feeble waves crossing the flame, but 
these waves appear to be the result of the initial fiame itself 
rather than of the movement of the piston. The waves shown in 
No. 8 are in marked contrast to those obtained in former experi- 
ments when the gases were fired by a spark under normal pressure. 
In order to study what effect strong compression-waves would have 
on the flame under high pressure the apparatus was arranged so 
that the pendulum might break the primary circuit of a coil 
during its fall, and so induce a spark between platinum wires 
inserted near the closed end of the tube. The gas could thus be 
fired by means of a spark at any time during the compression. 

Nos. 10 and 11 show the flames produced in the mixtures H, + 30., 
and 2CS,+50, when a spark was passed through the gases at a 
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point 20 mm. from the closed end of the tube at the moment the 
gas column was compressed from 560 mm. to 170 mm. The flames 
show the characteristic inflexions produced by sound-waves starting 
from the sparking-place and reflected from the advancing piston 
and the closed end of the tube. The sound-waves starting from the 
sparking-place move to the right and left more quickly than the 
flame. The sound-wave reflected from the near end (only 20 mm. 
distant) returns on the flame slightly retarding its advance to the 
right. 

The sound-wave which started to the left is reflected from the 
piston (150 mm. distant), and returns to meet the flame advancing 
to the left, and checks its advance. The broad dark line on the 
figure is made by a clamp holding the glass tube 100 mm. from the 
closed end. In the original photographs one can see a faint 
inclined line caused by the light of the flame being reflected from 
the polished face of the advancing piston, and this shows the 
forward movement of the piston whilst the flame was approaching 
it. In No. 11 the sound-waves starting from the spark were 
reflected from end to end of the column of gases eight times before 
the flame reached the piston. The photograph shows that the 
piston continued to advance after the flame reached it, the brighter 
line of light marking its path being due to the burning of the 
lanoline used to lubricate the piston-head. 

It is clear from a comparison of the photographs that the flame 
set up by compression does not give rise to the well-defined waves 
which are so conspicuous in the spark-ignited mixtures, The “com- 
pression-flame” has not the same sharp beginning; it seems to 
emanate from a wider area, and its advancing edges are less clearly 
defined than the “ spark-flame.”” So far, then, as the photographic 
evidence goes, it does not appear that sound-waves due to the 
motion of the piston are likely to cause “premature” ignitions 
when the mass of the gas is below the true ignition-point. On the 
contrary, the photographs show that the piston continues to com- 
press the gas after the appearance of the flame, and in certain 
cases even after the flame has reached the piston, and therefore the 
true ignition-temperature cannot be calculated from the furthest 
position reached by the piston in its forward movement. 


The Pre-flame Period. 


The foregoing experiments have shown that all explosive mixtures 
of gases do not “detonate” when they are fired by adiabatic com- 
pression. In the cases examined the flame, after its appearance, 
takes an appreciable time to spread through the mixture, and 
during this time the piston may continue to advance if there is 
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nothing to check it but the explosion itself. The real ignition-point, 
however, is not necessarily synchronous with the appearance of the 
flame. The ignition-point is the temperature at which a mass of 
the gas self-heats itself by combination if left to itself until it 
burst into flame. If the piston move during the actual spread 
of the flame, a fortiori it can move during the pre-flame period. 

To gain some idea as to the length of the “pre-flame” period 
some experiments were made with different compressions applied 
to the same mixture. 

A slow-firing mixture containing one volume of hydrogen and 
three volumes of oxygen was employed. When a column of these 
gases 540 mm. long was compressed into a length of 40 mm. no 
flame was produced; but when the same column was compressed 
into a length of 36 mm. before the piston was stopped, a flame 
appeared in the centre of the compressed gases, as shown in photo- 
graph No. 12.* On the assumption that the ratio of the specific 
heats of the compressed gases is 1°4, and that there was no loss of 
heat during compression, the gases were heated by the compression 
to a temperature of 550° in the first, and of 578° in the second 
experiment. On these assumptions the “ignition-point” of this 
mixture would lie between these two temperatures. 

In the next experiment the piston was not stopped until the 
column of gases was compressed from 540 mm. to 30 mm. The 
temperature of the gases, calculated from the compression alone, 
must have been at least 640° at the moment the flame first appeared, 
for the photograph No. 13 shows that the piston could not have 
moved more than 0°5 mm. during the spread of the flame, and, 
consequently, the gases must have been compressed to 30°5 mm. at 
least before the flame started. 

In the fourth experiment the piston was not stopped until the 
column of gases was compressed from 540 mm. to 20 mm., and the 
flame (No. 14) did not appear until the piston reached this point, 
or was not more than 0°5 mm. from it. The temperature of the 
gas, calculated from the compression alone, must have been at least 
810° at this moment. In the fifth experiment the piston was not 
stopped until the column was compressed to a length of 13°5 mm. 
If the flame started when the piston was 0°5 mm. from its stopping 
place, and the photograph (No. 15) shows that it could not have 
started before, the temperature of the gas, calculated from the 
compression alone, must have been at least 975° before the flame 
appeared. 

It is evident, then, that the “ignition-point” of this mixture 


* In this experiment and in No. 15 the tubes broke after the flame had 
traversed the column of gases. 


2034 DIXON, BRADSHAW, AND CAMPBELL: THE FIRING OF 


(according to the first experiment, below 578°) is a long way below 
the temperature at which the flame actually appears. 

Some idea also may be formed from these experiments as to the 
time which elapsed between the moment when the “ ignition-point ” 
was reached and the moment when the flame started. If we assume 
that the ignition-point was just reached in the second experiment 
when the temperature was about 578°, and the piston was 36 mm. 
from the closed end of the tube, we may also assume that the 
ignition-point was reached in the fifth experiment when the piston 
arrived at the same place in its forward movement. The photograph 
shows, however, that in the fifth experiment the piston had time to 
travel forward at least 22 mm. from this position before the flame 
appeared. ‘the time required for the piston to travel this distance 
was at least 7 mille-seconds. The heat produced by the compression 
from 36 to 14 mm. would have raised the temperature of the gases 
from 578° to 975° (approximately), and this rise of temperature 
would have hastened the self-heating. A prefiame period of 
7 mille-seconds is therefore a minimum for this mixture when 
brought to the “ignition-point.”” On the other hand, by making 
the pendulum break an electric circuit just when the piston was 
stopped 36 mm. from the end of the tube, it was possible to photo- 
graph a spark on the moving film, and so to measure the time- 
interval between the spark and the first appearance of the flame. 
This gives the pre-flame period about 13 milleseconds when the 
retardation of the spark is taken into account. The pre-flame period 
is therefore of the order of 10 mille-seconds (or 1/100th of a second) 
for this mixture under the conditions of the experiment. 

These experiments prove that the pre-flame period is not only 
not negligible, but that, in these mixtures, it is much longer than 
the flame-spreading period. Therefore, in order to determine the 
ignition-point by the compression, it is necessary to stop the motion 
of the piston artificially at the beginning of the pre-flame period. 


Photographs of Rapidly-firing Mixtures, 


When electrolytic gas was fired by compression, the spread of the 
flame was far more rapid than with excess of oxygen; but in no 
case was the gas detonated instantaneously, even when the fall of 
the pendulum was unchecked except by the explosion itself. Nos. 
16 and 17 are photographs of the flames produced when the films 
were moving with a velocity of 50 metres per second. Although 
the tubes were always smashed by the explosion, the spread of the 
flame from a point can be observed in all. It is evident from the 
photographs that the flame-spreading period is negligible, and that 
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the piston could move but slightly during the pre-flame period if 
this did not greatly exceed the flame-spreading period. 

In electrolytic gas the piston appears to be stopped by the 
explosion very shortly after the ignition-point is reached, and 
therefore nearly indicates the true temperature of ignition; this is 
not the case with weaker mixtures. 

Although the photographic analysis of the flames produced by 
adiabatic compression had indicated the chief precautions to be 
taken in determining the ignition-points of gaseous mixtures, 
nevertheless a long series of experiments was necessary before we 
obtained a machine by which trustworthy results could be secured. 
The chief difficulties we encountered in working with a steel cylinder 
and piston were (i) in overcoming the friction without using a 
lubricant which effected the ignition-temperature, and (ii) in pre- 
venting all leakage of the compressed gas past the piston. We 
found, on the one hand, that when the piston was a tight-fit there 
was danger of premature explosions owing to the scratching of the 
metal; indeed, we once obtained a concordant series of readings 
giving a very low ignition-point to electrolytic gas, which was 
fired by the friction of a slight projection on the edge of the piston- 
cap. We found that the projection had worn a number of grooves 
in the wall of the cylinder, which had to be re-bored. This led us 
to try various metals (instead of steel) for the piston cap—a bronze 
being found most suitable. The use of lanoline (which made the 
best lubricant) was found to affect the ignition-point if any of it 
came in contact with the compressed gases. It was given up for 
some time in favour of borax or boracic acid, until the adoption of 
the close-fitting bronze cap allowed the use of a little lanoline 
on the leather washer fixed on the piston above the cap. The 
bronze cap made so close a sliding-fit that no inflammation of the 
lanoline could occur. 

Our first experiments gave the ignition-point of electrolytic gas 
fired adiabatically as 536°; the addition of oxygen regularly reduced 
the ignition-point. This series was quoted in the. Presidential 
Address to the Society in 1910. 

A later series of experiments in a rather wider tube gave 532° 
as the ignition-point of electrolytic gas, the ignition-points with 
excess of oxygen being correspondingly lower. These figures have 
since been reduced by the use of the more perfect apparatus 
described in Part II. 
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CXC.—The Firing of Gases by Adiabatic Com- 
pression. Part II. The Ignition-points of 
Mixtures Containing Electrolytic Gas. 


By Harotp Batty Dixon and James Murray Crorts. 


THE experiments described in Part I (preceding paper) showed what 
modifications of Falk’s apparatus would be desirable in order to 
determine the ignition-point of gases by adiabatic compression. 
The cylinder must be sufficiently wide to prevent appreciable 
cooling by the walls of the central mass of gas during compression ; 
it must be sufficiently long to give a “ final volume” that can be 
measured with accuracy; the piston must be driven in rapidly, it 
must work gas-tight without the lubricant coming into contact with 
the explosive mixture, and it must be stopped the moment it has 
compressed the gas to the true ignition-point. After many experi- 
ments an apparatus was constructed that fairly met the above 
requirements. 
Description of Apparatus. 


A steel cylinder 56 cm. long and 11 cm. in diameter was bored 
with a central cavity (C) (Fig. 1) 30°2 mm. in diameter to a point 
45 cm. from the upper end; the cavity was continued through the 
cylinder in order to facilitate the boring, but this lower part was 
enlarged, and could be closed by a steel plate (P¢) kept in place 
by means of a powerful screw (S). The joint was made gas-tight 
by means of an annular washer (WW) of lead, which was squeezed 
well into place by help of the screw. Through the side-wall a hole 
was pierced at the bottom of the cavity, just above the steel plate, 
and the hole was fitted with a steel plunger (P/), by means of 
which the cavity could be shut off during an experiment; when 
open, however, connexion could be made by means of the three-way 
glass tap (7',) (Fig. 2) with the gas-holder (and manometer) or with 
the outside air. 

A cylindrical steel piston (Ps) with a head (H) 5 cm. long and 
5 cm. in diameter fitted loosely into the explosion chamber. At its 
inner extremity it was furnished with a leather washer (Z), and 
beyond this with a bronze cap (B), which made a close sliding fit 
with the cylinder walls. 

To prevent damage to the walls it was necessary to have the 
piston a loose fit in the cylinder, but in its descent it was centred 
by means of the steel collar (Col), which was fastened down by 
means of four screws. Hard chrome-steel plates (P) cut with a 
slot could be placed on this collar, and served to stop the piston 
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by catching the piston-head at any desired point in its descent; 
these plates were made of various thicknesses—2 and 1 cm., 2, 1, 
0°2, and 0°1 mm.—and were calibrated from time to time. 

The cylinder was held by an iron frame (F), which rested on a 
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large bed of concrete; it was surrounded by a brass water-jacket 
(J), fitted with a stirring arrangement. 

The compression was effected by allowing an iron weight (Wt) of 
76 kilos. (24 ewts.) to fall from a height [usually of 1°5 metres 
(5 feet)] on to the piston-head—the weight falling within three iron 
guides (@). 
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Method of Experimenting. 


The cylinder having been thoroughly cleaned inside, the piston 
was also cleaned, the leather washer lubricated slightly with lano- 
line, and pushed inside the cylinder, and its head supported by 
means of a stick, so that a cavity about 380 mm. long was left. 
The plunger (Pl) was opened, and the glass taps turned so as to 
connect the cavity with the water-pump (WP); a complete vacuum 
was obtained by finishing the exhaustion by means of the Tépler 
pump (76), the vacuum being measured by a mercury manometer 
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(M). The three-way tap (7,) was then turned so as to shut off 
the pumps and connect the explosion chamber with the gas-holders 
and drying apparatus, and the gases were allowed slowly to pass 
in and fill the chamber. The stick supporting the piston was then 
removed, and the piston pushed down until a gas chamber 377 mm. 
long was left. This length was measured before each experiment, 
and as the volumes of gas were proportional to the length of the 
cavity, this was taken as the initial volume in all the experiments 


and denoted by V;. 
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Plates amounting together in thickness to the required length 
for V, were put on the collar, the pressure of the manometer read, 
and the steel plunger screwed in tightly. Over the piston was 
placed a hood (Ho), which rested on the plates and served to take 
the falling weight off the piston at the moment the piston-head 
struck the plates. 

It was always the case that when the piston was pushed right 
down to the bottom of the empty cylinder the head was not resting 
on the collar, but projected a few mm. above it; this distance was 
carefully measured before each experiment, and the height of the 
piston adjusted until a net value of 377 mm. was given for the 
length of the column of gases. 

The weight suspended on a hcok (Hk) was raised by means of 
pulleys to the required height, the steel rods which supported the 
weight between the experiments were withdrawn, and the weight 
released by pulling a string which depressed the point of the hook. 
An explosion, unless the explosive mixture was very much diluted, 
was shown by the weight being thrown back, the distances varying 
with the nature of the gaseous mixture. 


Main Sources of Error. 


(1) Leakage.—In all cases the piston was pulled up after the 
experiment until on opening the valve at the bottom the manometer 
showed that the original pressure had been restored—this, of course, 
does not arply to the pure electrolytic-gas mixture, where no gases 
were left after an explosion. The height of the piston was then 
measured, and fhis measurement indicated whether or no a leak 
had occurred in the apparatus; if a leak was found, the experiment 
was discarded, and the cause of the leak—usually the defective 
fitting of the leather washer—was investigated. When the machine 
was working well, the alteration in height of the manometer, when 
the piston was pulled up to its original height, after a non-explo- 
sion, was practically nil; and even after the weight had been 
dropped on the same sample of gas three or four times did not 
amount to more than 1 mm. 

The leather washers took some little time to get into good working 
order, and their effective life was short. 

(2) The Lubricant.—It was necessary to discover if the lanoline 
had any effect on the ignition ; it was found that the same ignition- 
point was obtained for electrolytic gas provided that the amount 
of lubricant—whether lanoline, vaseline, or borax—was small, and 
that none was on the cylinder walls exposed to the gas during the 
compression. Falk (J. Amer. Chem. Soc., 1906, 28, 1517; 1907, 
29, 1536) used lanoline in such quantity that the piston on being 
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pushed into the cylinder and released, came back to its original 
position. We found that when the bronze-cap itself was smeared 
with lanoline the ignition-point of electrolytic gas was raised, some 
of the lanoline itself burning as well as some of the hydrogen, 
carbon monoxide being formed in the cylinder. We found on 
trial, that lanoline itself, smeared on the walls of the cylinder, was 
exploded when oxygen was compressed by the piston—showing that 
it was appreciably volatile under the conditions of our experiments. 
Its presence raises the ignition-point of electrolytic gas, but lowers 
that of mixtures requiring much higher compressions for firing. 
We therefore kept the bronze-cap (which fitted the cylinder closely) 
free from lanoline, and used the latter, in small quantity only, 
on the leather-washer above the cap. Under these conditions no 
carbon monoxide or carbon dioxide was found after the experiment 
if no explosion took place; and if an explosion did take place the 
amount of oxides of carbon formed was very small. This oxidation 
was an after-effect of the explosion—due to the highly-heated pro- 
ducts of the explosion penetrating between the bronze-cap and walls, 
and was not a contributory cause of the explosion. 

The gases were withdrawn after compression through the arm A 
of the three-way tap 7; by pushing down the piston; they were 
collected over mercury and analysed. 

(3) Friction—A third important source of error is friction. 
After the bronze cap had been fitted to the piston it was seldom 
that friction within the cylinder interfered with the proper course 
of the experiments, and premature explosions were practically 
eliminated. More difficult to remedy was the friction of the piston 
against the collar, which entered it at the top of the cylinder. It 
was difficult to ensure that the weight on striking the piston-head 
did not give it an oblique thrust against one side of the collar. 
When this occurred the rate of fall of the piston was diminished, 
more cooling had time to take place in the cylinder, and conse- 
quently higher ignition-points were obtained. This error was usually 
detected by the same mixture yielding discordant resulte—which 
had to be discarded. The introduction of a sleeve of hard phos- 
phor-bronze into the collar lessened the friction, although the sleeve 
soon worked loose and had to be renewed frequently. Only when 
the machine gave concordant results with electrolytic gas (agreeing 
with those previously obtained) were experiments made with any 
new gas mixture. 

Traces of the rate of fall of the piston, taken on a revolving 
drum, and measured by means of the vibrations of a tuning-fork, 
showed that in the case of electrolytic gas the time occupied was 
about 3/50ths of a second, and that the velocity of compression 
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was nearly constant vntil the piston had practically reached its 
lowest point. 


Preparation of Gases. 


The electrolytic gas was prepared by electrolysis of a saturated 
solution of recrystallised barium hydroxide. Oxygen was obtained 
by heating crystals of potassium permanganate, nitrogen by heating 
a mixture of ammonium sulphate, and sodium nitrite with some 
potassium chromate, the gas being passed through a solution of 
potassium dichromate in sulphuric acid. The hydrogen was pre- 
pared from pure zinc and hydrochloric acid, and washed with 
water. These gases were stored in large gas-holders over air-free 
water, which, in the case of mixtures, was previously saturated with 
the mixed gases; the gases were not allowed to remain for any 
length of time before use. In some cases mixtures of glycerol and 
water were used for storing. 

The mixed gases before being used were analysed by means of 
a Bone and Wheeler gas-analysis-apparatus, and additions made, if 
necessary, until the desired composition was obtained. 

Unless otherwise stated, the gases before entering the explosion 
cylinder were dried by passing through a glass worm and a drying- 
bottle each containing concentrated sulphuric acid. 


Method of Calculation. 


When a gas is compressed adiabatically, the work done on the 
gas produces heat, and a rise of temperature results; the amount 
of the rise of temperature depends on the change in volume pro- 
duced and on the ratio of the specific heat of the gas at constant 
pressure to the specific heat at constant volume. If this ratio be 


denoted by y, we have: 
z-|r) 
mn) 


T, and 7, represent the initial and final temperatures respec- 
tively, both being measured on the absolute scale, and V, and Vz 
the initial and final volumes. 

In the calculations which follow it is assumed that there is no 
loss of heat during the compression of the gases in the cylinder. 
This, of course, is not quite the case, as the compression is not 
instantaneous, but lasts, as already mentioned, about 3/50ths of a 
second in the case of electrolytic gas. The loss of heat, which 
must be small during this time, is difficult to estimate; it would 
result, of course, in the calculated temperatures being higher than 
those actually reached by the mass of gases in the cylinder. 

In the experiments it was usual to keep V, fixed, the volume 
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corresponding with a height of 377 mm., and to vary Vz in accord- 
ance with the temperature it was desired to attain in the cylinder. 
Some experiments were performed with V, fixed and V, variable, 
and as was to be expected, no difference was found in the results. 
It should be noted that in the case of electrolytic gas an error in 
measuring V, of 1 mm. made a difference of 1° in calculating 7,, 
whilst an error of only 0°1 mm. in measuring V, resulted in the 
same difference in 7’. 

The value of y for the diatomic gases hydrogen, oxygen, and 
nitrogen used in the experiments was taken as 1°4. Although many 
researches on the value of y and of the specific heats of gases have 
been made at temperatures not exceeding the boiling point of water, 
comparatively few have been conducted at temperatures corre- 
sponding with those reached in the present series of experiments, 
and very few under the conditions of pressure which accompany 
the alterations in temperature. 

In recent years, by the explosion method, Pier (Zeitsch. Elektro- 
chem., 1909, 15, 536; 1910, 16, 897) has investigated the specific 
heat at constant volume of hydrogen, nitrogen, and oxygen, as well 
as that of other gases. The formule which he has deduced for the 
mean molecular heat at very high temperatures, C,,=4°7 + 0°00045 
for hydrogen and C,=4'9+0°00045 for oxygen and for nitrogen, 
give for t,=520°, which is about the ignition-point of electrolytic 
gas, C,=4°934 for hydrogen and 5°134 for oxygen and nitrogen. 
For the mixture 2H, +O, we have, therefore, a mean molecular heat 
C,=5°001; and if we take C, derived from this as 7°001, the value 
given for y=1°4 very nearly. 

There is no doubt from the experiments of all observers (for 
example, Holborn and Austin, Abh. Physik. Tech. Reichsanstalt, 
‘4, 131; Holborn and Henning, Ann. Physik, 1905, [iv], 18, 739; 
1907, [iv], 28, 809; Langen, Mitteilungen iiber Forschungsarbeiten, 
8; Swann, Phil. Trans., 1910, A, 210, 199, 238; Moody, Phystkal. 
Zeitsch., 1912, 18, 383, to mention only a few) that an increase 
in temperature results in an increase in the specific heat and a 
consequent diminution in the value of y. The effect of pressure 
is not soclear. Joly (Proc. Roy. Soc., 1894, 55, 390, 392; 1890, 48, 
441) finds that the specific heat at constant volume increases with 
the pressure, except in the case of hydrogen, where a slight fall 
in the value was found. Valertiner (Sitzungsber K. Akad. Miin- 
chen, 1903, 691) finds the value of y for nitrogen at low tempera- 
ture to increase with the pressure, and hence presumably the specific 
heat must decrease. Holborn and Jakob (Sitzungsber. K. Akad. 
Wiss. Berlin, 1914, 213) find an increase in the specific heat of air 


with rise of pressure. 
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It would therefore appear that the alteration, probably an increase 
in value of the specific heats with rise of pressure, is but small. 
It is not, however, merely the effects of increase of temperature 
and increase of pressure alone with which we are dealing; we are 
performing work on the gaseous mixture, which is being trans- 
formed into heat. It is evident that owing to the attraction of the 
molecules for one another more heat will be produced than corre- 
sponds with the amount of external work performed (compare 
Nernst, ‘‘ Theoretical Chemistry,” Eng. Ed., 1911, 236); this will 
therefore result in producing a higher temperature in the cylinder 
than one would otherwise expect, or, in other words, the practical 
value of y will be increased, and this will in some degree balance 
the diminished value of y produced by the effect of increased 
temperature and increased pressure acting alone. 

These considerations have led to the adoption, for the sake of 
convenience, of a constant value for y of 1°4 and for C, of 5°0 
for the diatomic gases used in the calculations of the various igni- 
tion-temperatures. In every case, however, we have given the 
volumes before and after the compression, so that the temperatures 
may be calculated for any other value of y. 

In the following tables we have given the initial temperature ¢,, 
the final valume V,, and the result of the compression—the initial 
volume of gases being 377. 


TaBLE I 
2H, +O, 
t. Vz. Result. t,. Vv. Result. 
17-0 30-5 No explosion 18-7 31-3 No 
17-7 27-1 Explosion 18-7 30-4 No 
18-1 28-0 Explosion 18-7 30-1 Explosion 
17-9 27-3 Explosion 18-7 30-2 Explosion 


Ignition-point = 291-7 Ee 526°, 
The initial pressure was that of one atmosphere ; the final pressure 
P v.71 
calculated from the formula: Pp = | 7 | = 34:2 atmospheres. 
1 2 


To Test the Effect of excess of Lanoline. 


In these experiments the leather washer was freely lubricated, 
and the lubricant was smeared on the inner walls of the cylinder. 
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Tasxe II. 
2H, +0, with lanoline. 
ty. Vv. Result. t,. Vy Result. 
15-7 25-1 No 16-8 23-9 No 
16-3 25-3 No 16-8 22-6 No 
16-6 24-6 No 17-0 20-8 Explosion 


377 "4 
20-8 
After the explosion, instead of a vacuum in the cylinder, there 
was a considerable quantity of gas left, which on analysis was 
found to consist almost. wholly of carbon monoxide and hydrogen. 


Ignition-point = 290 [ =651° roughly. 


To Find the Ignition-temperature when the Piston was not 
stopped in its Downward Course. 


In these experiments the top plate was blackened with lamp-black 
and V, gradually reduced until the piston-head did not touch the 
plate, being pushed back by the force of the explosion before it was 
able to do so. There was, of course, an explosion in each case. 


Tasie ITI. 
2H, + O, + 8H. 

. Vi. Result. t,. V2. Result. 

13-9 12-3 Plates touched 14-1 9-3 Not touched 
13-9 10-3 Plates touched 14-1 10-3 Touched 

14-0 7:3 Not touched 14-1 9-8 Touched 

14-0 8-3 Not touched 14-1 9-5 Touched 
The temperature calculated from the lowest point reached is 


0-4 
288°1 EB =983°. This result should be compared with that 
of table XVI, where an ignition-point of 676° was obtained for this 
same mixture when the piston was artificially stopped at the 
moment the ignition-point was reached. 


To Test the Effect of Change in the Initial Temperature of 
the Mixture. 


Steam was passed through the water-jacket until a constant 
temperature was obtained. At first difficulty was found in keep- 
ing the leather washer on the piston end air-tight, as lanoline could 
not be used at this temperature. After some trials, however, we 
succeeded in obtaining a washer which, having been well shaped by 
use, did not leak, even although no lanoline was put on it. Without 
lubricant its effective life was short. 


a Me 


e 
} 
j 
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Taste IV. 
2H, +O, with ¢, at 100°. 


t,. V2. Result. t. Vo. Result. 
100-1 57-0 No 100-1 56-3 No 
100-0 54-0 Explosion | 100-1 56-1 No 
100-0 56-0 Explosion | 

0-4 
Ignition-point=373°1 ES = 527°, 


No alteration, therefore, is found in the final ignition-point when 
the initial temperature of the mixture is varied, although it may 
be noted that the pressure in the cylinder at the moment of ignition 
is only 144 atmospheres instead of 35 atmospheres—the pressures 
usually reached at room temperatures. 


The Effect of Alteration in the Initial Pressure. 
TABLE V. 


2H,+0O,. Initial pressure, 1 atmosphere. 


t. V2. Result. t,. Va Result. 
19-8 30-3 Explosion 20-5 30-7 Explosion 
20-2 30-9 No 20-9 30-9 No 


ae , 377 0'4 
. = 293- = 526°, 
Ignition-point = 293 5| 30-7 | = 526 


Taste VI. 
2H,+0O,. Initial pressure, } atmosphere. 

t. Vo. Result. t. Ve Result. 
21-5 30-4 No 21-9 29-2 No 
21-7 28-7 Explosion 21-9 28-8 . No 
21-7 29-6 No 

ae , 377 )0"4 
Ignition-point = 294-7 | se = 549°. 


The final pressure in this case was 18°4 atmospheres. 


TaBLE VII. 
2H,+0O,. Initial pressure, 14 atmospheres. 


t,. V2. Result. t,. V>. Result, 
20-6 30-4 Explosion 20-8 31-0 No 
20-7 30-9 Explosion 
“4 
Ignition-point = 293-7 EE 4 


psa — 526° 
30-9 = 626°. 


VOL. CV. 6R 
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t,. 
20-0 
19-8 
20-3 
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Taste VIII. 
2H,+0,. Initial pressure, 2 atmospheres. 
V2. Result. t,. 
32-2 No 20-3 
31-2 No 20-5 
30-4 Explosion | 20-7 
- : 377 -9°4 
Ignition-point = 293-7 [ 50-8 


Vo. 
31-3 
30-9 
30-8 


= 527°. 


Explosion 


It is seen from the above experiments that changes in the initial 
pressure had no effect on the calculated ignition-points except in 
the case of the mixture, where the initial pressure was only half 


an atmosphere. 


Dixon and Coward (T., 1909, 95, 514) found a 


variation occurred even with small alterations of pressure near 
atmospheric pressure, but it would appear from their experiments 
that after the pressure had attained a certain value no appreciable 
effect on the ignition-point would result. 


ft prt fet fet feet et 
PP Qe i s* 
We OOO’ 


Mixtures contaimng Excess of Oxygen. 


TaBLe IX. 
2H, + 20x. 

V,. Result ty. 
33-6 No 13-9 
32-5 No 14-0 
32-1 No 14+] 
31-5 No 14-3 
31-1 No 14-5 

ene . : 377 ps 
Ignition-point = 287-3 E _ 
TaBLE X. 
2H, + 80,. 

V2. Result. t, 
31-8 Explosion 15:7 
37-7 No 14-5 
36-7 No 14-6 
36-1 No 14-8 
35-8 No 14-9 
35-4 No 15-0 


ons . 377 0"4 
Ignition-point = 288 [a3 


= 478°, 


Result. 


No 
Explosion 
Explosion 
Explosion 
No 


Explosion 
No 
No 
Explosion 
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TaBLe XI. 
2H, + 160,. 
t,. V, Result. t. Vo Result 
12-5 34-5 No 13-2 34-1 Explosion 
12-9 31-3 Explosion 13-5 34-6 Explosion 
13-1 32-5 Explosion 13-8 34-9 No 
13-6 33:7 Explosion 13-8 34-8 No 
ti int= 286-5 | 222 |? 44790 
Ignition-point = 286-5 34: a | = 472°. 
TaBLe XII. 
2H, + 320,. 
é,. V2. Result. t,. V3. Result. 
13-7 31-6 No 13-3 9-0 No 
12-9 23-1 No 13-0 3-0 No 


13-1 17-7 No 


The temperatures reached are 500°, 600°, 700°, 1000°, and 1700° 
respectively, but in no instance was there an explosion; there was, 
however, evidence of some combination having taken place, but 
never of complete combustion. 

The ignition-points may be tabulated thus: 


2H,+ O, explodes at 526° 


2H,-+ 20, 511 
2H,+ 80, 478 
2H,-+ 160, xe 472 
2H,+ 320, 99 7 


These results are expressed in the curve (Fig. 3). The vertical 
line down the centre of the figure indicates the mixture 2H, +0,; 
to the left the abscissa represents volumes of added oxygen to 
3 volumes of electrolytic gas, to the right the volumes of added 
hydrogen or nitrogen (see later). 

The limit of inflammability has evidently been passed in the last 
mixture. 


Mixtures containing Excess of Hydrogen. 


TaBLE XIII. 

2H, + O, + Hy. 
t. Ve. - Result. | t,. V.. Result. 
14-0 24-0 Explosion | 14-2 27-5 Explosion 
14-0 26-3 Explosion 14-2 28-0 No 
14-0 31-7 No 14-2 27-7 No 
14-0 28-8 No 14-3 27-6 Explosion 

one , 377 “)0"4 és 
Ignition-point = 287-2 Ee = 544 


6 R 2 
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TaBLE XIV. 
2H, + O, + 2Hg. 

t,. V2. Result. t. V.. Result. 
13-8 23-3 Explosion 13-5 26-7 No 
13-8 23-7 Explosion 13-6 26-3 No 
14-0 24-8 Explosion 13-6 26-1 Explosion 
14-0 26-3 Explosion 13-6 26-2 No 
13-5 27-0 No 

Ignition-point = 286-6 1 == 561°, 
TaBLE XV. 
2H. + O, + 4Hs. 

t. Vz. Result. ty. Ve Result. 
14-5 24-2 No 15-0 23-2 Explosion 
14-7 23-5 No 14-9 23-0 Explosion 
15-0 22-9 Explosion 15-1 23-4 Explosion 
15-0 23-6 No 15-0 23:5 No 
15-0 23-9 No 

4 
Iguition-point = 288-1 1a 4 = 602°. 
TaBLE XVI, 
2H, + 0, + 8H). 

b. Ve. Result. ; t,. e: Result. 
13-3 19-2 No | 13-4 19-0 Explosion 
13-3 18-7 Explosion _| 13-4 19-1 No 

oie 377 79°4 
ia - i => 287- —_ 376 
Ignition-point = 287-4 EK 0 676 
Taste XVII. 
2H, + 0, +13H,. 

$. Vo. Result. th Vo. Result 
14-1 13-5 Explosion 14-4 16-3 No 
14-2 14-3 Explosion 14-4 15-8 No 
14-3 17-3 No | 14-4 15-3 Explosion 
14-3 15-3 Explosion 14-4 15-5 No 

0*4 
= 762° 


Ignition-point = 287-4 FE 


These results may be tabulated together : 


2H,+0, 

2H,+0,+ 
2H,+0,+ 
2H, +0,+ 
2H2+ O.+ 


2H, 
4H, 
8H, 
2H,+0,+13H, 


explodes at 526° 
544 
561 
602 
676 
762 


9 


or generally 2H,+0,+ aH, explodes at 526+ 182. 


These results are expressed in the curve (Fig. 3). 
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Mixtures containing added Nitrogen. 


TABLE XVIII. 


2H, + O2 + No. 

é,. V2. Result. l t,. V2. Result. 
20-2 30-4 No 20-2 29-6 Explosion 
20-2 29-4 Explosion 20-1 29-7 Explosion 
20-2 29-8 No 

fia , ‘oss 
Ignition-point = 293-1 59.7 | = 537 
TaBLe XIX. 
2H, +O, +2N>. 
t,. Vp. Result. t. Veo Result. 
11-2 25-6 Explosion 13-0 27-4 No 
11-7 26-5 Explosion 13-3 27-0 Explosion 
12-5 26-8 Explosion 13-6 27-2 No 
12-7 27-6 No 
Ignition-point = 286-3 lao] = 549°. 
TaBLE XX. 
2H, + O. +4No. 
t.. Vo. Result. t,. Vg. Result. 
13-6 23-3 Explosion 14-2 24-8 Explosion 
13-7 24-7 Explosion 14-1 25-9 No 
14-0 26-3 No 14-4 25-6 No 
13-9 25-5 No 15-3 25-4 Explosion 
14-0 25-3 Explosion 15-4 25-7 Explosion 
O*4 
Ignition-point = 288-4 Ea re 571°. 
25-7 
TaBLE XXI. 
2H, +O, + 8No. 
t. V2. Result. t,. V2. Result. 
15-4 23-5 No 14-0 22-4 Explosion 
15-4 22-1 Explosion 14-5 22-6 No 
15-4 22-3 Explosion 14-5 22-5 Explosion 
13-3 21:3 Explosion 14-5 22-5 Explosion 
13-6 22-0 Explosion 14-5 22-6 No 
13-9 22-7 No 


Tgnition-point = 287-5 Eis =614°. 
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TaBLeE XXII. 
2H, + O, + 14Nz. 
t,. V2. Result. t,. V2. Result. 
15°4 21:1 No 13-0 17-7 No 
15-5 20-0 No 14-0 16-7 Explosion 
15-5 19-0 No 14-3 17-2 Explosion 
15-5 18-1 No 14-6 17-7 No 
15-5 14-1 Explosion 14-6 17-5 No 
15-5 15-9 No 14-6 17-4 Explosion 
12-8 14-8 Explosion 14-6 17-5 No 
13-0 15-6 Explosion 
oan ‘ 377 -0°4 
A - = 987- —— = > A 
Ignition-point = 287 6| 7-4 71 
Tabulating these results we have: 
2H.+ 0, explodes at 526° 
2H,+0,+ N,  » 537 
2H,+0,+ 2N, - 549 
2H,+0,+ 4N, “ 571 
2H,+0,+ 8N, * 615 
2H,+0,+14N, % 712 


or generally 2H,+-O,-+-2N, explodes at 526+ 112. 


These figures are shown as a curve in Fig. 3. It will be noted 
that the curve is not a straight line for the whole of its length, but 


that the last figure found is higher than it would be if the linear 
function were maintained. There is no 'doubt that the last 
mixture is approaching the limit of inflammability. In the case 
of the hydrogen curve, with 13H, the straight line was maintained, 
although such a mixture does not explode with a spark under 
norma] conditions (see Roszkowski, Zeitsch. physikal. Chem., 1891, 
7, 485). 

The figures obtained may be compared with those of other 

observers. Mallard and Le Chatelier (Compt. rend., 1880, 91, 825) 
obtained 550° as the ignition-temperature of electrolytic gas, and 
found that addition of oxygen lowered the ignition-temperature, 
whilst addition of hydrogen, nitrogen, and carbon dioxide raised it. 
Helier (Ann. Chim. Phys., 1897, [vii], 10, 521) gave 853° as the 
ignition-temperature of electrolytic gas, and stated that both 
* oxygen and hydrogen added to the gas increase the inflammability, 
. whilst nitrogen acts in the opposite direction. 
') Bodenstein (Zeitsch. physikal. Chem., 1899, 29, 665), following 
the method of Gautier and Helier, gives 660—700° as the ignition- 
temperature of the mixture 2H,+ 0, instead of 853°, but confirms 
Helier’s results as to the effect of adding inert gases. 

Emich (Monatsh., 1900, 21, 1061) gives 589° as the ignition- 
temperature of electrolytic gas. He found that the addition of 
nitrogen first increases the inflammability of the gas, and then 
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decreases it as more nitrogen is added. Similar results were found 
when hydrogen or oxygen was added. 

Falk (Joc. cit), to whose experiments reference has already been 
made, finds that the addition of oxygen up to that represented by 
the mixture H,+0O, lowers the ignition-temperature, but that 
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further addition of oxygen raises it. Addition of hydrogen and 
nitrogen in all quantities raises the ignition temperature. 

The various temperatures found by different observers do not 
always refer to those of corresponding mixtures of gases, but in 
the table given below an attempt has been made to obtain figures 
which approximately indicate the ignition-temperatures for the 
mixtures given, so that a direct comparison can be made. 
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Mallard and Dixon and 
Le Chatelier. Emich. Falk. Crofts. 
eS eee eee 550° 589° 540° 526° 
2H,+0,+4H, ...... 605 602 
$H,+0,4+-0, ......... 514 511 
2H,+0,+30, ...... 531 530 (490) 
2H,+0,+70,......... 571 478 
2H,+0,+Ny, ......... (551) 573 537 
2H,+0,+2N, ...... (553) (567) 549 
2H,+0,+4N, ...... (614) 649 571 
2H,+0,+8N, ...... (615) 615 


The figures given in brackets have been derived from those 
found for mixtures of approximately the composition given by the 
respective observers. 

Turning to the results found by our own experiments and com- 
paring the hydrogen curve with that obtained in the case of 
nitrogen, it is seen that the addition of equimolecular qauntities 
of the two gases produce a greater rise in temperature in the case 
of the former gas than in the case of the latter. It may be, of 
course, that the excess of hydrogen exercises in some unknown way 
a specific inhibitory effect on the reaction. We may, on the other 
hand, take it that we have no grounds for assuming that a higher 
temperature is required to explode a mixture containing an excess 
of hydrogen than is required for a corresponding nitrogen mixture ; 
rather we may assume that both gases are inert in the reaction, and 
that the actual temperature required for explosion is the same in 
each case. This being granted, it follows either that the greater 
conductivity of hydrogen necessitates a greater compression or that 
the value of y must be different in the two cases, and not the same 
as assumed in the calculations. Further experiments with argon 
as the diluent gas have been undertaken by one of us in order to 
determine the effect of dilution with a gas of known specific heat. 

With oxygen added to the electrolytic gas the effect is the 
opposite to that found when hydrogen, nitrogen, or argon is added 
—the addition of oxygen results in the lowering of the ignition- 
temperatures. We are not in a position to offer a satisfactory 
explanation of this. One might imagine, as Nernst has suggested, 
that a peroxide is the first result of the chemical union, and there- 
fore that the mixture containing equal volumes of hydrogen and 
oxygen would have the lowest temperature of ignition. Our experi- 
ments show, however, a continuous fall in the ignition-point as 
oxygen is added until its volume is eight times that of the hydrogen. 
The fall of the ignition-point with increased oxygen seems too large 
to be accounted for by any conceivable diminution of the specific 
heat of oxygen with increased concentration. Nor can the fall be 
due to loss of conductivity as the hydrogen is diminished, for the 
ignition-points rise as nitrogen is added to electrolytic gas. The 
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increased activity of oxygen at the higher concentrations might be 
explained if oxygen formed some active polymeride under these 
conditions, or if the concentration of the oxygen brought about 
ionisation of the hydrogen molecules. 


Tue UNIVERSITY, 
MANCHESTER. 


CXCI.—The Action of Cold Concentrated Hydro- 
chloric Acid on Starch and Maltose. 


By Artuur Jonn Dats. 


WitustartreR and Zechmeister (Ber., 1913, 46, 2401) have shown 
that whereas ordinary concentrated hydrochloric acid (37°6 per 
cent. HCl) acts on cellulose at the ordinary temperature relatively 
slowly, fuming acid (D 1°204—1°212; 39°9 to 41°4 per cent. HCl) 
dissolves cellulose within a few seconds and rapidly hydrolyses it, 
first to cellobiose and finally to dextrose. After twenty-four hours 
the yield of dextrose is nearly quantitative. As the present methods 
of estimating cellulose in plant material are of a highly empirical 
character, it seemed probable that fuming hydrochloric acid might 
be applied with advantage to this purpose; it would, however, be 
necessary to allow for the sugars formed from the starch and 
pentosans present. There would be no difficulty in this, as methods 
for estimating these substances with a fair degree of accuracy 
already exist. As the action of the fuming acid on starch and 
maltose has not yet been studied, a series of experiments was first 
made in this direction, and the results are here recorded. The 
velocity of hydrolysis of starch and maltose by fuming hydrochloric 
acid is dealt with in a separate paper (p. 2065). 

When starch is left in contact, during several days, with dilute 
hydrochloric acid (7°5 per cent. HCl) it is converted, without dis- 
solving, into the so-called “soluble starch”; when heated with very 
dilute hydrochloric acid for several hours, dextrose is formed. The 
latter process has been applied very widely as a means of estimat- 
ing starch, although the fact that a considerable quantity of dex- 
trose is destroyed renders such a method useless when any degree 
of accuracy is required (Davis and Daish, J. Agric. Seci., 1914, 6, 
152). Early workers generally regarded the dextrose as formed 
directly from starch, and therefore looked upon the action of acids 
as essentially different from that of the enzyme diastase, the pro- 
longed action of which on starch gives mainly maltose. Flourens, 
for instance-(Compt. rend., 1890, 90, 1204), and Lintner and Diill 
(Ber., 1895, 28, 12) denied that maltose is formed at all by the 
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action of acids on starch. On the other hand, Weber and Mac- 
pherson (J. Amer. Chem. Soc., 1895, 17, 312) showed the presence 
of considerable quantities of maltose in the commercial “ glucose ” 
manufactured by the action of acid on starch, whilst the analytical 
values obtained by Rolfe and Defren (J. Amer. Chem. Soc., 1896, 
18, 869) for starch transformations carried out in the autoclave 
with V/10- to V/1000-acids indicated the presence of 44 per cent. 
of maltose in a conversion carried to the point corresponding with 
that usual in the manufacture of “glucose,” namely, when [a], of 
the product is about 129°. The rest of the material seemed to 
consist of a mixture of dextrin and dextrose in nearly equal propor- 
tions. Rolfe and Haddock (7. Amer. Chem. Soc., 1903, 25, 1015) 
subsequently isolated maltosazone from a starch transformation by 
acid, and quite recently Fernbach and Schoen (Bull. Soc. chim., 
1912, [iv], 11, 303) also isolated maltosazone from the product 
obtained by hydrolysing starch paste with different acids.* 

There is, therefore, at the present time, no reason for considering 
the action of acids on starch as essentially different from that of 
enzymes as regards the series of products formed. These are appa- 
rently soluble starch, dextrins, maltose, and dextrose. With ordin- 
ary diastase, maltose is the final product; with taka-diastase, which 
contains maltase, increasing quantities of dextrose are formed as 
the action proceeds, until a species of equilibrium is reached, when 
about 85 per cent. of dextrose and 15 per cent. of maltose are 
present (Davis and Daish, loc. cit.). The results now recorded, 
obtained with cold concentrated and fuming hydrochloric acid, may 
all be explained on similar principles. The main difference is, that 
with fuming hydrochloric acid the earlier stages, in which soluble 
starch, dextrin, and maltose are formed, are passed through very 
rapidly, so that, for example, with hydrochloric acid of D 1°210, 
86 per cent. of the theoretical quantity of dextrose has been formed 
after so short a time as one hundred and thirty-five minutes. Mal- 
tose is hydrolysed to dextrose by the fuming acid not much more 
rapidly than starch itself; so that although acid of this concen- 
tration undoubtedly decomposes starch to maltose with extreme 
rapidity, the rate of production of dextrose is limited by the rate of 
hydrolysis of the maltose. As dextrose is formed, the specific 
rotatory power of the product falls continuously, until finally the 
value is the same as that of dextrose in acid of the same concentra- 
tion. At the same time the reducing power gradually increases 
until it is the same as that of dextrose under the same conditions. 

* Kluyver (Biochemische Suikerbepalingen, Leiden, 1914) has made a series of 
analyses of commercial glucose syrups, prepared from starch, by the use of 
discriminating yeasts and finds from 15 to 20 per cent. of maltose to be present in 
such products. 


HYDROCHLORIC ACID ON STARCH AND MALTOSE. 2055 


When ordinary malt diastase is used to hydrolyse starch paste 
the dextrin stages are passed through relatively slowly; the amount 
of maltose formed progressively increases, but no dextrose is pro- 
duced. With taka-diastase, however, dextrin disappears very 
rapidly, and even with small quantities of the enzyme (0°1 gram) 
after about three hours in the case of a 1 per cent. solution of 
starch, the product consists of maltose and dextrose only. As the 
dextrose increases in amount the maltose proportionately dimin- 
ishes, so that there is little doubt that the former is produced at 
the expense of the latter. There is no evidence for the view that 
the dextrose is formed in these circumstances directly from the 
starch (compare Davis, J. Soc. Dyers, 1914, 30, 249). In the same 
way the data obtained for the velocity of the action of fuming 
hydrochloric acid (p. 2065) are best interpreted by the view that the 
dextrose is formed from maltose produced as an intermediate 
product in the action. 

Willstatter and Zechmeister (/oc. cit.) have called attention to 
the extraordinarily high values of the specific rotatory power of 
dextrose obtained in fuming hydrochloric acid solutions. Thus 
when dextrose is dissolved in acid of D 1°210 after about twenty 
minutes, [a]? = 116°1° (e=1:11), the ordinary value for an 
aqueous solution of dextrose being [a]}? 52°7°. Itis probable (Davis, 
loc. cit.) that this great change of rotation, which takes place with 
extreme rapidity, a nearly constant value being obtained after a 
few minutes, is due to the transformation by the fuming acid of 
the whole, or nearly the whole, of the dextrose into the a-form, the 
specific rotatory power of which in aqueous solution is generally 
taken as about 110°. It has been shown recently that even in dilute 
aqueous solution the presence of neutral salts and of substances 
such as the alcohols, causes very considerable changes in the equili- 
brium existing between the two stereoisomeric forms of a hexose 
sugar (Walker, Proc. Roy. Soc., 1913, A, 88, 246; Worley, ibid., 
439). The effect of the fuming hydrochloric acid is apparently to 
convert the B-dextrose, with [a], + 20°, existing in the equilibrium 
mixture of a- and B-dextrose which is present in an aqueous solu- 
tion of dextrose ([a], 52°7°), largely into the a-form, having a high 
rotation. 

Worley (T., 1911, 99, 349) has drawn attention to one of the 
difficulties which arises in following exactly by means of the polari- 
meter the course of hydrolysis of polysaccharides by acids, owing to 
the dilute acid causing an alteration in the polarimetric end-point 
after the actual hydrolysis is complete. An example is given of a 
solution containing 1 molecular proportion of sucrose, 1 of hydro- 
gen chloride, and 40 of water (approximately 50 per cent. sucrose 
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solution and 5 per cent. hydrochloric acid); the reading was found 
to rise after the lowest value was reached from 161°20° to 161°335° 
during about fifteen hours. With invert-sugar it might be thought 
that the rise of the reading is due to a destruction of the levulose 
present, as the latter is known to be readily destroyed by hydro- 
chloric acid (compare Davis and Daish, J. Agric. Sct., 1913, 5, 437). 
The experiments now recorded, however, show that a similar change 
takes place in dextrose even in a 1°11 per cent. solution of the sugar 
in the presence of concentrated or fuming hydrochloric acid. In 
spite of the low concentration of the sugar, the change is far 
greater than when dilute acid is used. Thus in acid of D 1°163, 
which gave a value for dextrose after ten minutes of [a]? 63°61°, 
and after forty minutes [a]? 63°73°, a value 65°84° was obtained 
after seventy-two hours. This change of rotation must be distin- 
guished from the ordinary mutarotation change, which in concen- 
trated acid is complete after a few seconds. As the rotation rises 
the reducing power of the solution falls, so that with ordinary 
hydrochloric acid after ninety-six hours it is 92°5 per cent. that of 
dextrose. A similar phenomenon is observed in the case of the 
fuming acid (D 1°201), but it is more difficult to follow, as in this 
case actual destruction of dextrose soon occurs (after about six 
hours), which masks the rise of rotatory power. The destruction 
becomes evident by the solution turning more or less yellow. 

The rise in the specific rotatory power and the simultaneous 
diminution of reducing power of dextrose in the presence of hydro- 
chloric acid is probably due to a synthetic action occurring, accom- 
panied by the formation of a di-(or poly-)saccharide. Emil Fischer 
(Ber., 1890, 23, 3687) obtained by the action of hydrochloric acid 
on a concentrated solution of dextrose a new glucobiose, to which he 
gave the name isomaltose. This was obtained when dextrose was 
dissolved in four times its weight of concentrated hydrochloric acid, 
and the mixture left for fifteen hours at 10—15°. The yield was 
2°5 per cent. of the theoretical. More recently von Friedrichs 
(Arkiv. Kem. Min. Geol., 1913, 5, No. 4), working under somewhat 
similar conditions, states that the product after twenty-four hours 
consists of 68 per cent. of dextrose, 18 per cent. of isomaltose, 
8 per cent. of maltose, and 6 per cent. of unknown polysaccharides. 
In these experiments the sugar solutions were relatively concen- 
trated. In those recorded in the present paper it is a striking fact 
that synthetic action still takes place, at the ordinary temperature, 
when the concentration of dextrose is so low as 1 per cent. 

The gradual formation from dextrose under the influence of 
fuming or concentrated hydrochloric acid of a disaccharide having 
a higher rotatory power and a lower reducing power than dextrose 
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explains the fact that the hydrolysis of maltose or starch, when 
complete, calculated from the rotation, always seems greater by 
about 5 to 7 per cent. than when calculated from the reducing 
power. <A similar fact was observed in the case of cellulose by 
Willstatter and Zechmeister, who, however, considered that in 
1 per cent. solution of dextrose in fuming hydrochloric acid no 
isomaltose is formed, on finding that in such acid dextrose 
appeared to retain for more than forty hours the same specific 
rotatory power.* This apparent constancy of the specific rotatory 
power is, however, due to the fact that the gradual destruction of 
dextrose (after twenty-five hours the solution has become decidedly 
yellow) masks the rise of the rotatory power which undoubtedly 
occurs (see p. 2058). The values given (below and pp. 2058, 2059) 
show very clearly that both with ordinary and fuming hydrochloric 
acid a rise of specific rotatory power of dextrose occurs, accompanied 
by a falling off of the copper reducing power. A certain amount of 
synthesis therefore occurs even in so low a concentration of dextrose 
as 1 per cent. 

The fact that small quantities of a carbohydrate other than 
dextrose are formed by the action of fuming hydrochloric acid on 
cellulose and starch militates against the use of this acid as a 
means of quantitatively estimating cellulose even if actual destruc- 
tion of dextrose were avoided. 


EXPERIMENTAL. 


Specific Rotatory Power of Dextrose in Fuming Hydrochloric Acid 
(D158 1-210). 


The fuming acid was prepared by saturating the ordinary con- 
centrated hydrochloric acid with gaseous hydrogen chioride at 13°. 

Experiment 1—1‘1100 Grams of anhydrous dextrose, dried in a 
vacuum at 105°, were dissolved in slightly less than 100 c.c. of the 
fuming acid, and the volume was made up to 100 c.c. at 15°. The 
sugar was completely dissolved in nine minutes. The solution was 
examined in a 2-dem. jacketted tube at 16°3° to 17°. The tube 
was closed with an indiarubber stopper to avoid loss of hydrogen 
chloride : 


* «‘Ueberraschend ist es, dass die Ausbeute an Glucose bei unserer Salzsiure-Methode 
nicht durch Bildung von Isomaltose herabgedriickt wird. Wir finden nun dass 
ihre Bildung nur in der von E. Fischer angewandten konzentrierten Glucose- 
losung erfolgt” (Ber., 1913, 46, 2403). Ost (Ber., 1913, 46, 2995) has suggested 
that with 3 per cent. or more of dextrose “reversion” to isomaltose 
might be expected in the presence of fuming hydrochloric acid; the results here 
given show that it actually occurs even in 1 per cent. solutions of dextrose. 
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Time after 
solution started, 
in minutes. a... — 
ME  Aaecessascencis 2-578° 116-1° 
ME . “itdosdiensbunss 2-584 116-4 


The reducing power of the solution was observed at intervals by 
diluting 10 c.c. portions of the solution with water, neutralising 
exactly with solid sodium carbonate, and treating with Fehling’s 


solution under Brown, Morris, and Millar’s conditions (T., 1897, . 
71, 72): 
Time after Dextrose Dextrose 
solution started. Mean CuO, calculated, found, 
gram. gram. per cent. 
rrr 0-2747 0-1086 97-85 
SY etcncdacndideccance 0-2710 0-1070 96-4 
ay) tate asaiecenntiina 0-2667 0-1052 94-7 


After twenty-three and a-half hours the solution had become quite 
yellow, showing that decomposition of the dextrose had occurred. 

Experiment 2.—1°'9451 Grams of pure dextrose, dried in a 
vacuum at 105°, were dissolved in the fuming acid (D 1°210), and 
the volume was made up to 100 c.c. at 15°. The sugar was com- 
pletely dissolved in fifteen mirutes. The solution was examined in 
a 2-dem. tube at 16—16°5°: 


Time after 
solution started, 
in hours. Ay. —_— 
Se 4-459° 114-65° 
OP  xestihannkhe 4-453 114-44 
Ten c.c. portions were withdrawn as before: 
Time after Dextrose Dextrose 
solution started, Mean CuO, calculated, found, 
in hours. gram. gram. per cent. 
BE gutwidstsasdcecisecsepcsers 0:4457 0:1886 96-99 
25} (solution yellow) ...... 0-4326 0-1812 93-2 
39} (solution quite yellow) 0-4304 0-1801 92-6 


Care must be taken in the above experiments in neutralising the 
hydrochloric acid with sodium carbonate to avoid any considerable 
rise in temperature. If sodium hydroxide is used, the local 
development of heat generally brings about marked decomposition 
of the sugar. 

Experiment 3.—A slightly less concentrated fuming hydrochloric 
acid was used (D™ 1°201); 1:1111 grams of anhydrous dextrose 
were dissolved in the acid, and made up to 50 c.c. at 20°. The 
solution was examined in a 220-mm. tube at 20°: 


Time from start. Ap. [a], 
15 minutes ......... 4-660° 95-3° 
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After six and a-quarter hours readings were not taken, as the 
decomposition of the sugar masked any rise in the specific rotatory 
power. It was at first thought that the low results obtained for 
the dextrose calculated from the values for the reducing power were 
due to an influence exerted on the latter by the large amount of 
sodium chloride present in the solution after neutralising the hydro- 
chloric acid. Direct experiments were therefore made with a solu- 
tion of dextrose, to which the same proportion of sodium chloride 
was added as was present in the actual solutions worked with 
(6°6 grams of sodium chloride in 100 c.c. during the reduction). 
It was found that the presence of the sodium chloride made no 
perceptible difference. Thus, for instance, when 0°1513 gram of 
dextrose was taken, 0°1502 gram of dextrose was found, or 99°3 per 
cent., a result almost within the limit of experimental error of the 
method. 

From the above tables the extraordinary influence on the specific 
rotatory power of dextrose of a slight increase in the concentration 
of the fuming hydrochloric acid becomes apparent. Using acid of 
D 1°201 (39°3 per cent. HCl), the specific rotatory power of freshly 
dissolved dextrose is about 95°5°. With acid of D 1°210 (41°0 per 
cent. HCl) for a 1—2 per cent. solution, the specific rotatory power 
of dextrose may be taken as [a]i*-" 115°. It is very nearly 
constant during the short periods of one to two hours which are 
necessary to bring about complete hydrolysis of starch or maltose 
to dextrose, but even after one and a-quarter hours the values given 
above for the reducing powers show that marked synthetic action 
on the dextrose has actually occurred, and after three hours the rise 
of specific rotatory power shows that this change is still taking 
piace. The following figures obtained with the ordinary concen- 
trated hydrochloric acid (D" 1°163) show this action even more 
distinctly ; with this strength of acid it is possible to follow the 
action for longer periods without marked decomposition of the 
dextrose occurring, such as masks the change in the case of the 
fuming acid. 


Action of Ordinary Concentrated Hydrochloric Acid (D 1°163) 


on Dextrose. 


Sertes 1.—1‘1111 Grams of dextrose, dried in a vacuum at 105°, 
were dissolved in concentrated hydrochloric acid (D 1°163), and the 
volume made to 50 c.c. at 20°. The solution was examined in a 
220-mm. tube at 20°: 


2060 DAISH: THE ACTION OF COLD CONCENTRATED 


Time from start. ap [a], 
10 minutes. ...... 3-110° 63-61° 

40 eRe ee 3-116 63-73 
Re 3-118 63-77 

So ee 3-217 65-80 
ake linet 3-219 65-84 


Series 2.—5°0286 Grams of anhydrous dextrose were dissolved in 
concentrated hydrochloric acid (D 1°163), and the volume made up 
to 200 c.c. at 15°. The solution was examined in a 220-mm. tube 
at 15°. Portions of 25 c.c. each were withdrawn at intervals, 
neutralised with solid sodium carbonate, and made up to 200 c.ec. 
at 15°, 50 c.c. portions being then taken for the reducing-power 
determinations (=0°1571 gram of dextrose) : 


CuO from Dextrose 


50 c.c., found, Dextrose, 
Time from start. ay [a}'>° grams. grams. per cent. 
34 minutes ......... 3-482° 62-96° 0-3793 0-1553 98-85 
234 hours ......... 3-612 65-31 0-3686 0-1506 95-85 
it a eo 3-615 65-37 0-3619 0-1473 93-77 
Tle 9 etecceses 3-627 65-58 — — aa 
| a rrrreree 3-630 65-64 0-3580 0-1453 92-5 


Even after ninety-six hours the solution had only just begun to 
show signs of decomposition, a faint yellow coloration being pro- 
duced. With the fuming acid this occurs after twelve hours to a 
very marked degree. 


Action of Fuming Hydrochloric Acid on Starch. 


Experiment 1.—0°9276 Gram of purified potato starch, dried in 
a vacuum at 130° over phosphoric oxide, were dissolved in the 
fuming acid (D 1°210) and the volume made up to 100 c.c. at 15°. 
The starch very rapidly passed into solution, being first gelatinised 
and then dissolved. The solution was somewhat cloudy at first, but 
this soon cleared. The above weight of starch should yield 1°031 


grams of dextrose. 
The solution was examined in a 2-dcem. tube at 15°8—16°1°: 


Time after 
solution started, Gp. [a]i6 Remarks. 
BT ROUEB  ccccccccccccceccccese 2-330° 113-00° . Solution yellow. 


The reducing power of 10 c.c. was ascertained after eighteen 
hours : 


Dextrose Dextrose 
Mean CuO, found, found, 
gram. gram. per cent. 
0-2467 0-0970 94-1 


Experiment 2.—1°9172 Grams of anhydrous starch were dissolved 
in slightly less than 200 c.c. of fuming acid at 15°, and the volume 
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was made up to exactly 200 c.c. at that temperature. The starch 
was completely dissolved in eighty minutes. The above weight of 
starch should yield 2°130 grams of dextrose. The solution was 
examined in a 2-dem. tube at 15—16°3°: 


Time after solution started, 


in minutes. Ap. 
WOE. :Kbbinanacnnnesanin 3-104 
OUD) saxentacnescdéancs 2-872 
MUD ( daéchastespidinoss 2-580 
Re EE eer 2-497 
ME  enssasiceennencins 2-473—-solution becoming yellow. 


Taking the value observed when the solution is first becoming 
yellow, namely, 2°473°, and calculating on the theoretical weight 
of dextrose, 2°130 grams, we have [a]}’-'** 116°1°, which shows a 
practically complete conversion of the starch to dextrose. 

Experiment 3.—2°4147 Grams of anhydrous starch were dissolved 
in fuming acid (D 1°210), and the volume was made up to 200 c.c. 
at 15°. The starch was completely dissolved in two hours. The 
above weight of starch should give 2°6835 grams of dextrose. 

The solution was examined at intervals in a 220-mm. tube at 
16—17°: 

Time after solution started, 


in minutes. ay. 
BED  ccsacceccesescases 3-861° 
oe 3-459 
MO sessicdsenpssccsiars 3-430 —solution turning yellow. 
TE scnccnsssesconuncs 3-424 


Taking the value observed of 3°430°, we have [a]}*-” 116°2°. 

Portions of 10 c.c. each were withdrawn at intervals, neutralised 
with solid sodium carbonate, and the reducing power was deter- 
mined : 


Time after Dextrose 
solution started, Mean CuO, found, Dextrose, 
in minutes. ; gram. gram. per cent. 
Me Tanschesedatebesschlasabsabiats 0-2770 0-1095 85-6 
| ee 0-3107 0-1240 92-44 
nd oe 0-3135 0-1252 93-3 
DD * nksctak sh tbecuddicebecaselicee 90-3132 0-1251 93-23 
ROM . sidanchecdeinicsnemencssnssays 0-3108 0-1240 92-44 


The above experiments show that whereas the specific rotatory 
power of the product is practically identical ([a],, 116°) with that 
of pure dextrose in hydrochloric acid of the same concentration, so 
that the conversion is practically 100 per cent., the value found 
for the latter from the reducing power of the product, calculated 
by the ordinary tables, is about 7 per cent. low. This is un- 
doubtedly due, as explained above (p. 2057), to the action of the 
hydrochloric acid on the dextrose itself, giving rise to a di- or poly- 
saccharide (isomaltose). 
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Action of Fuming Hydrochloric Acid on Maltose. 


1:0363 Grams of maltose dried at 100—105° in a vacuum over 
phosphoric oxide were dissolved in fuming acid (D™ 1°210), and 
the volume was made up to 100 c.c. at 15°. The sugar was com- 
pletely dissolved in thirteen minutes. The above weight of maltose 
should give 1°094 grams of dextrose. 

The solution was examined in a 2-dem. tube at 15°5—16°5°: 


Time after solution started, 


in minutes. ap. 
SD dasnsdcodsccrecees 3-561° 
— eee 2-819 
UE. Saddndccpaeainions 2-541 
BME ® icectvousstuieses 2-504 
ME ddsstendcecdakedod 2-484 —-solution turning yellow. 


Taking the last value, we have [a]}”°-"*’ 113°55°. 
Portions of 10 c.c. each were taken as before, and the reduction 
was estimated : 


Time after Dextrose 
solution started, Mean CuO, found, Dextrose, 
in minutes. gram. gram. per cent. 
ME “Mobhtsdceebadivecocecenunns 0-2069 Maltose still present. 
EF Ged toeactdecrcdwosseseccies 0: 2635 0-1039 94-9 


This experiment shows that maltose in 1 per cent. solution is 
almost as resistant to hydrolysis by fuming hydrochloric acid as 
starch itself under similar conditions, the action being complete 
after about six or seven hours at 15°. Exactly the same relation- 
ship between the specific rotatory power and reducing power of the 
product is observed as in the case of starch and dextrose. 


Action of Ordinary Concentrated Hydrochloric Acid on Starch. 


Pure hydrochloric acid (D 1:163) was used (=32°1 per cent. 
HCl). The initial value of [a]! for dextrose (1:0401 grams in 
100 c.c. of this acid) was found to be 63°55°; after forty-eight hours 
it was 65°8°. 

Eaperiment 1.—3°5448 Grams of potato starch, dried in a 
vacuum at 130° over phosphoric oxide, were dissolved in concen- 
trated hydrochloric acid (D™ 1°163), and the volume was made up 
to 250 c.c. at that temperature. The greater part quite readily 
dissolved, but some starch was converted into a horny mass, which 
only dissolved slowly. All the starch was, however, dissolved in 
two hours. The above weight of starch should give 3°9390 grams 
of dextrose. The solution was examined in a 2-dem. tube at 
15°5—16°5°. The solution was quite clear: 
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Time after Time after 
solution started, solution started, 
in hours. Ap. in hours. Gp 
BP Matascstsstacccys 3-137° Be | pecechasavvacevars 2-147° 
RO csclennisentegtaee’s 2-933 Be, cxxcedenseninndes 2-119 
i . eee 2-671 OD kscccsoucianeueian 2-091 
Se tesdcdeostacercoss 2-344 MT” sctacettennuseae 2-090 


Taking the value 2°090° and calculating on 3°939 grams of 


dissolved solid (as dextrose), we have [a]j’ 66°3°. 
Portions of 10 c.c. each were withdrawn at intervals, neutralised 


with solid sodium carbonate, and the reducing power was deter- 


mined : 
Time after Dextrose 
solution started, Mean CuO, found, Dextrose, 
in hours. gram. gram. Per cent. 
BOD sctsescossnscentnanediasees 0-2865 0-1135 72-04 
DP incsiclis lock cacsasdasaes 0:3204 0:1283 81-4 
MND Sicndpecsstbaadenssdins 0-3561 0-1445 91-7 
i, SEE eI G 0-3642 0-1486 94-3 
EEG cscselbsistisesveondenceens 0-3645 0-1488 94-4 


Experiment 2.—2°0480 Grams of dry potato starch were dissolved 
in concentrated acid (D 1°163), and the volume was made up to 
200 c.c. at 15°. The starch was slowly added to the acid so as to 
facilitate the solution, and was completely dissolved in sixty-five 
minutes. The above weight of starch should yield 2°2755 grams 


of dextrose. 
The solution was examined in a 220-mm. tube at 15°5—16°5°: 


Time after Time after 
solution started. Gy. solution started, Gp. 
65 minutes ...... 4-354° ee 1-800° 
44 hours ......... 3-896 Bie SR CES 1-677 
Man) ehh 2-685 cL nee 1-682 
23 hoo 9 Meee 2-000 | RRO 1-664 
29 a -. Seeeawes 1-842 EE ss Sasacxens 1-646 


Calculating for the reading after one hundred and twenty hours, 
we have [a]* 65°7°. Portions of 10 c.c. each were taken as before, 


and the reducing power was determined : 


: Dextrose 
Time after Mean CuO, found, Dextrose, 
solution started. gram. gram. per cent. 
85 minutes ...............06. 0-0360 0:0140 12-3 
42 hours ...........sccceee 0-:0984 0-0382 33-6 
Sr aes 0:2371 0-:0930 81-7 
ee ce een eee 02711 0-1071 94-1 
ae go aoa coe 0-2791 0-1104 97-0 
PATS aot Lanciioase abo ths 0:2772 0-1097 96-4 


These two experiments show that after about fifty hours hydro- 
lysis of the starch is complete (100 per cent.), the value obtained 
for the polarisation being the same as for dextrose in acid of the 
same concentration. The difference between the results by polari- 
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sation and reduction (about 6 per cent.) is again due to the forma- 
tion of isomaltose. In experiment 2 the rotatory power remained 
constant between the forty-seventh and seventy-third hour, but sub- 
sequently destruction of the dextrose by the acid took place, and 
the solution became decidedly yellow (compare Ost, Chem. Zeit., 
1911, 35, 1125). 

Fuming hydrochloric acid (41 per cent. HCl) is seen to hydrolyse 
the starch more than ten times as rapidly as the ordinary concen- 
trated acid. 


Action of more Dilute Hydrochloric Acid (D® 1°083; 
=16°7 per cent. HCl) on Starch. 


Experiment 1.—2°0564 Grams of dry potato starch were slowly 
added to about 200 c.c. of the acid at 15°. The starch was first 
gelatinised, and was dissolved in two and a-half hours. The above 
weight of starch should give 2°2849 grams of dextrose. 

The solution was too opalescent at first to be examined in the 
polarimeter, but afterwards the following readings were taken in a 
2-dem. tube at 15°5—16°5°: 


Time after | Time after 
solution started, solution started, 
in hours. Sas in hours. a 
MEE iddabaddanasenesss 4-117 BEE cccesdscastscsades 3-930 
WE Kaddinnnaseasasacss 4-092 SERRE 3°785 
WEE Sdnecessccescecacs 4-012 WME" chuncaeeanedessaes 3-742 


Portions of 10 c.c. were taken as before: 


Time after Dextrose 

solution started, Mean CuO, found, Dextrose, 
in hours. gram. gram. per cent. 

Th” “suuaidhasacehesadetbanmanns 0-0028 — — 

PE SAdudgiadsdndticdnciaversss 0:0149 0-:0058 5-9 

SEs  Gansbbicspasdteakshéarensey 0-0163 0-0063 5-5 

WEN ddinstiecssscuuthsbesecties 0-0358 0-0139 12-1 

WM” Badiasdiacvaticbcnsnenssics 0-1171 0:0454 15-9 


(from 25 c.c.) 


Although the starch dissolves readily in hydrochloric acid of 
D 1-083, the conversion into dextrose takes place extremely slowly, 
so that after forty-eight hours only about 5 per cent. of dextrose 
has been formed. The value of [a],,, calculated as starch from the 
reading after twenty-two and three-quarter hours, is 200°2°. 

Experiment 2.—2°2708 Grams of dry starch were added to 
200 c.c. of hydrochloric acid (D% 1:049=10 per cent. HCl), and 
the whole was kept at 15°. There appeared to be very little action 
on the starch, the latter not even being gelatinised. After four 
days the solution was filtered from the starch, and examined in a 
4-dem. tube at 15°5—16°5°. The reading obtained was a, 0°412°, 
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showing that very little starch had dissolved or been hydrolysed 
to dextrose. 

Hence the limiting concentration of hydrochloric acid in which 
potato starch will readily dissolve at the ordinary temperature lies 
between D 1°083 and D 1°049. 


ROTHAMSTED EXPERIMENTAL STATION, 
HARPENDEN, 


CXCII.—The Velocity of Hydrolysis of Starch and 
Maltose by Cold Concentrated and Fuming Hydro- 
chloric Acid. 


By Artuur Joun DAIsH. 


Tue velocity of hydrolysis of starch and maltose by cold concen- 
trated and fuming hydrochloric acid has been studied polarimetri- 
cally at 20°00°; the results obtained throw an interesting light on 
the nature of the changes occurring during the hydrolysis of poly- 
saccharides, and afford confirmation of the views put forward by 
Davis (J. Soc. Dyers, 1914, 30, 249) to explain certain abnormali- 
ties in the coefficient showing the velocity of action of enzymes on 
starch and maltose. 

The great change of rotatory power which occurs when dextrose 
is dissolved in fuming hydrochloric acid is doubtless due to the 
transformation of B-glucose ([a], 19°) (which constitutes about 
63 per cent. of the equilibrium mixture existing in aqueous solution) 
into a-glucose ([a],, 110°). Similarly, if the initial specific rotatory 
power of maltose in fuming hydrochloric acid is calculated from 
the curves given on p. 2071, before any hydrolysis has taken place, 
a value of |a]i°° 157°4° is obtained for acid of D™ 1°201; for the 
ordinary concentrated acid in a similar manner a value [a]”° 141-0° 
is obtained. When maltose is dissolved in water it shows muta- 
rotation upwards, and after a short time equilibrium is established 
when [a]°°° =137°6°; this solution probably contains a mixture of a 
B-glucose-a-glucoside (Ba-maltose) with [a], 114° and a-glucose-a- 
glucoside (aa-maltose) with [a], as yet unknown, but probably 
higher than 160°. The result of dissolving maltose in fuming 
hydrochloric acid is to shift the equilibrium existing between these 
two forms so as largely to increase the proportion of the aa-maltose 
of high rotatory power. 

It has been suggested recently (Davis, Joc. cit.) that the hydro- 
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lysis of polysaccharides, for example, starch and maltose, by 
enzymes, does not follow the simple unimolecular law of mass action, 
because the action occurring is not a single change, but is made 
up of a series of successive changes. Thus in the case of maltose 
three changes at least occur: 


(1) Ba-maltose —> aa-maltose. 
(2) aa-maltose —> 2 mols. a-glucose. 
(3) a-glucose—> equilibrium mixture of a- and f-glucose. 


The velocity of the main change (2), which is brought about by 
the enzyme, will, as a mass action, be modified by the velocity with 
which changes (1) and (3) occur; in the faintly acid or nearly 
neutral solutions in which enzyme actions take place, these changes 
take an appreciable time, so that the velocity-coefficient of the main 
change (2), when calculated by the ordinary unimolecular equation, 
is not a constant, but undergoes considerable variation during the 
course of the change. 

When fuming hydrochloric acid is used to effect the hydrolysis 
of maltose the case is different. The greater part of the Ba-maltose 
is converted almost instantly into the form of higher rotatory power, 
so that immediately after the solution is made up the rotatory 
power has reached the high value [a]?”° 157°4°. 

After the hydrolysis of aa-maltose is complete the a-glucose 
remains largely or completely in the aform, without undergoing 
change into the B-form. The consequence is that the disturbing 
effect of the changes (1) and (3) on the velocity of the main change 
is largely eliminated ; this is made evident by the fact that during 
the whole of the hydrolysis of maltose by fuming acid the velocity- 
coefficient is practically a constant, varying only from 0°0103 to 
00106, a variation which can be accounted for by experimental 
error. In this case a single change only occurs. 

With ordinary hydrochloric acid, however, in which maltose dis- 
solves as an equilibrium mixture not very different from that exist- 
ing in aqueous solution ([a]*° 141° instead of 137°6°), the effect 
of equation (1) on the velocity-coefficient of the total change 
becomes distinctly visible. A steady rise in the velocity-coefficient 
occurs, namely, from 0°00170 to 0°00186, a variation of about 
10 per cent. 

When the hydrolysis of starch by acid is considered, the series 
of changes is more complex. In order to avoid the difficulty that 
arises with ordinary starch owing to the appreciable time that 
elapses before the solid passes completely into solution, soluble 
starch was used throughout. Even when soluble starch is the 
starting point, several stages have to be passed through on the 
way to dextrose ; dextrins and maltose are formed as intermediaries. 
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The result is that in the case of fuming hydrochloric acid the 
velocity-coefficient changes to a much greater extent than even with 
maltose and ordinary hydrochloric acid. There is a steady rise from 
0°0052 to 0°0063, a range of variation of 23 per cent. With 
ordinary concentrated hydrochloric acid the variation of the coeffi- 
cient is still greater, namely, from 0°00111 to 0°00144; the range is 
30 per cent. 

The transformation of cellulose into dextrose studied by Will- 
statter and Zechmeister (Ber., 1913, 46, 2401) affords an extreme 
instance of the departure of the law of action from the ordinary 
unimolecular law, owing to the occurrence of successive actions. On 
p. 2072 is given a table showing the results obtained by calculating 
from Willstaétter and Zechmeister’s data the value of the ordinary 
velocity-coefficient K=loga/a—wz. Fig. 1 shows the velocity curve. 
During the earlier period (the first two hundred minutes) this 
exhibits a double inflexion, and exactly corresponds in character 
with the curve of hydrolysis of starch to dextrose by means of 
taka-diastase (Davis and Daish, J. Agric. Sci., 1914, 6, 152); as in 
the latter case, the velocity-coefficient calculated for a unimolecular 
equation at first rises and then falls (Davis, Joc. cit.). During this 
period the cellulose is transformed into a soluble polysaccharide, 
having no rotatory power, then into dextrin-like compounds, and 
finally into cellobiose ; this substance, as shown by the experiments 
made with it by Willstatter and Zechmeister, is relatively slowly 
attacked by fuming hydrochloric acid. The latter part of the curve 
in Fig. 1 (from two hundred and fifty minutes to three thousand one 
hundred minutes) probably represents mainly the transformation 
of this sugar into dextrose; it is nearly logarithmic ; but during the 
period 205—450 minutes, cellobiose is still being formed from the 
cellulose, so that there is a reinforcing effect on the ordinary mass 
action, and the coefficient rises from 0°000401 to 0°000536. Sub- 
sequently it becomes more constant for the rest of the trans- 
formation. 

We have then, exemplified in the action of fuming and concen- 
trated hydrochloric acids on starch and cellulose, the result of a 
series of successive and overlapping changes, the mathematical 
analysis of which would be of a highly complicated character. 
These changes show very great similarity to many cases of enzyme 
action, and justify the view put forward by Barendrecht (Bio- 
chem. J., 1918, 7, 548) and Davis (loc. cit.) that the departure of 
the law of action of enzymes in many cases from a simple uni- 
molecular equation is due to the fact that in such cases a series 
of changes really occurs. When the subsidiary changes, which 
usually give rise to mutarotation effects, can, as in the case of 


2068 DAISH : VELOCITY OF HYDROLYSIS OF STARCH AND MALTOSE 


fuming acid and maltose, either be suppressed or rendered extremely 
rapid relatively to the main change, the action more and more 
closely approximates to the simple unimolecular law. 


EXPERIMENTAL. 
Action of Fuming Hydrochloric Acid on Maltose. 


1:0555 Grams of carefully purified anhydrous maltose (dried in a 
vacuum at 105°, [a] 137°6° in 1 per cent. aqueous solution) were 
dissolved in fuming hydrochloric acid (D™ 1°201); the volume was 
made up to 50 c.c. at 20°, and the solution examined in a 220-mm. 
tube at 20°00°. 

When the velocity-coefficient is calculated from the ordinary 
unimolecular equation K=1/tlog,,a/a—z, values ranging from 
0°0094 to 0°0101 are obtained, the mean value being 0°0098. 

This equation necessitates the use of an initial value correspond- 
ing with time ¢=0; this was obtained as accurately as was possible 
by continuing the curve (Fig. 2) backwards, so as to cut the axis 
of ¢. As emphasised by Worley (T., 1911, 99, 352), any error in 
this initial value affects the accuracy of the whole series of values 
calculated for K. It is therefore preferable to calculate K from 
Worley’s modified form of the equation: 


 loge= 


t.—t, G— Bq 
where a—2, and a—vz, are the concentrations of sugar at times 
t, and ¢, respectively, the successive intervals of time being taken 
as small as the accuracy of the observations will allow or the 
rapidity of the change demands. This has been done in table I. 


TaBiez I. 
Action of Fuming Hydrochloric Acid on Maltose at 20°00°. 
Time in minutes. at. %—-ag. K loge, 
SE. ceisudakipscibaseevincia 6-85 2-16 — 
MEL Aedadenaneniesnednateses 6-63 1-94 — 
EP -Mnvdenectsecnceeseseese 6-43 1-74 — 
ED,’ } ecehausinineeenecennanes 6-24 1-55 — 
C— rere 6-07 1-38 — 
— eee ere 5-90 1-21 _ 
El wdishnbesetececbiseasess 5°75 1-06 0-0103 
TE . Adapdabentdancinonbiennd 5-63 0:94 0-0105 
ME Cechbasdsebanncsiurnsecses 5-53 0-84 0-0105 
OP Wetdicedatucdncbiacesess 5-44 0-75 0-0105 
ED 5 rhisecnnniebsdedireccesces 5-36 0-67 0-0105 
re err 5-28 0-59 0-0104 
, | ABSA Pee 5-20 0-51 0-0106 
GED (WodiEnccibvosdbtincsecses 5-14 0-45 0-0106 
NR ecigbiddectendicseecnne 5-08 0:39 (0-0111) 
ME heskatetsckiontenecsonn’s 5-02 0-33 _— 
pdedaowsddaVecubssvckied 4-96 0-27 — 
ST sadeavabincnncieinndsies 4-69 


Mean 0-0105 
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The values obtained for K by this method of calculation are 
probably more accurate than those obtained from the ordinary 
equation. It is seen that within the limits of experimental error 
the value of K loge is constant. 


Action of Ordinary Concentrated Hydrochloric Acid on Maltose. 


1:0555 Grams of anhydrous maltose were dissolved in concen- 
trated hydrochloric acid (D™ 1:163), and the volume was made up 
to 50 c.c. at 20°. The solution was examined in a 220-mm. tube at 
20°00° (Fig. 1). 

Fig. 1, 
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Action of concentrated hydrochloric acid (A=1°'163) on starch and maltose at 20°. 


Calculating the value of K loge by Worley’s equation we have 


the following values for the velocity-coefficient. 


TaBieE II. 
Action of Concentrated Hydrochloric Acid on Maltose at 20°00°. 
Time in minutes. or. at-agy. K loge. 
 epinhsinietdiosescetecns — — — 
WO sadcuuebncesdsdsssaipncs 597° 2-758° — 
BED cocccvccncsssascsessoess 5-49 2-278 — 
BU aswsssssosrdoawecsoenese 5-09 1-878 — 
MD cciigisuncnccdiesbesesuass 4:76 1-548 — 
BER. abcdecdesesqecsincceoees 4:47 1-258  (0-00170) 
WE absccsbsscltdcadccsousaen 4-23 1-018 0-00174 
TN Hicvpsacissancesenacsess 4-04 0-828 0-00178 
GO ciitrnsacnranendoveiaden 3:87 0-658 0-00186 
TEP snevescnssneeneensennees 3°75 0-538 0-00184 
MN iSpevciceesccrceseitasee 3-65 0-438 0-00183 
GD scecnssconnscsssensaseses 3-57 0-358 0-00182 
J eoere 3-50 0-288 0-00179 
GID kechasesnsdccdeeeuseson 3°44 0-228 0-00186 
WD -ctcstasorsnencixessebiiaa 3-212 — — 


Mean 0-00180 
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The velocity-coefficient is clearly not constant. There is a steady 
rise in the value as time proceeds. For comparison, however, with 
the results with the fuming acid a mean value of K has been 
calculated. It is nearly constant during the latter stages of the 
action. 


Action of Fuming Hydrochloric Acid on Soluble Starch. 


1000 Gram of soluble starch ({a]}° 198°, e=2; R=1°0) dried in 
a vacuum at 130° was dissolved in concentrated hydrochloric acid 
(D 1:201), and the volume made up to 50 c.c. at 20°0°; the 
solution was examined in a 220-mm. tube at 20°0° (curve, Fig. 2). 


TasBieE III. 
Action of Fuming Hydrochloric Acid on Soluble Starch at 20°00°. 


Time in minutes. ay. a@-agy. K loge. 
i athiebunenesasbascenende — -- = 
tl Kdvddudisnpactspensavbets 10-20° 5-51° — 
DD) Binekdiandocnabuatecusds 9-90 5-21 — 
BT enanSdptibensanectonceds 9-61 4-92 — 
REOERES SAEs eeerepee = 9-32 4-63 —_ 
ENT cucedthsnecdedensasccude 9-05 4-36 — 
ne pitecisipaccasiactinteed 8-78 4-09 — 
Ee ee eer 8-54 3-85 0-0052 
GD _.. wstaidniacoccssvenesssas 8-30 3-61 0-0053 
We rt gagese as wisnesesseses 8-07 3:38 0-0054 
EN) senaNuenabteneccuesnecee 7-85 3°16 0-0055 
Ol --Siancdenncacscenedecaees 7-64 2-95 0-0057 
WO ite dhaadediaSedceticness 7-43 2-74 0-0058 
_ ERE reer 7-24 2-55 0-0060 
MO. gngceascondiocaddcceesis 7-06 2-37 0-0061 
ye RO ee 6-89 2-20 0-0062 
OD deucdicvehecscacesesesess 6-73 2-04 0-0063 
UL Kanisintendeunackindsoes 6-59 1:90 0-0064 
SD. -assdbbndscenneeasevseaae 6-46 1-77 0-0063 
PENNE Scsnschecésessasisdazsés 4-69 — a 


In the case of soluble starch the velocity-coefficient is not con- 
stant, but rises continuously throughout the hydrolysis. The range 
of variation is about 20 per cent. 


Action of Concentrated Hydrochloric Acid on Soluble Starch. 


2°000 Grams of anhydrous soluble starch were dissolved in concen- 
trated hydrochloric acid (D 1°163), and the volume was made up to 
100 c.c. at 20°0. The solufion was examined in a 220-mm. tube 


at 20°0° (Fig. 3). 


pin te halts 


PL. Went 


Wee. catia ae er 


4 Ara 


BY COLD CONCENTRATED AND FUMING HYDROCHLORIC ACID. 2071 


eR aa a Ce | 


' Fic, 2. 
10° 
g iy 
j - * N 
; g N\ 
S N 
a 8g 
N 
. 3 NS 
3 7 N 
3 
: « Phd a 
I~ p—~o_] 
x) 
35 5 : 


0 20 40 60 80 100 120 140 160 180 
Time in minutes. 


Action of fuming hydrochloric acid (A=1°201) on starch and maltose at 20°, 
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Aetio of fuming hydrochloric acid (A=1°210) on cellulose (Willstiitter and 
Zechmeister). 
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Concentrated Hydrochloric Acid on Soluble Starch at 20°0°.. 


TaBLeE IV. 
Time in minutes, Gy. 
_ Spee Acne Aaa ROR ERE —_— 
LOSS any Rearee © 8-34° 
EE Se ee 7-80 
Mc aednalcdcaksodasctneces 7-25 
BD sai ntsducdrinadaamwwbine 6-75 
RESET aR neve eater 6-29 
WE aetttcsceteescdecdecciss 5-86 
ED <gnosdeasnanesctannccccse 5-47 
WE ictducentwindadbibexnnanm 5-09 
WE paaneeserwtsssdusscicase 4-80 
eee 4-57 
ey ae Sees 4-37 
SE ~obesgicgausbiavdisaccuney 4-20 
MEME aidgbacccnsseuapinemaces 4-05 
ME .ccagadcicsscbdcencnecese 3-92 
EE ee 3-80 
ME césendeicccsacadnicende 3-72 
8 REE Se Aen ree 3-21 


The velocity-coefficient rises continuously throughout the change, 


the range being 


Action of Fuming Hydrochloric Acid on Cellulose (Fig. 3). 


Velocity of hydrolysis for the whole action, calculated for the 
simple unimolecular equation, from Willstatter and Zechmeister’s 


nearly 30 per cent. 


TABLE V. 


data. 
Time in minutes. Oe. 
_ EERE ere mee 0-00° 

GD -- exsewsdavscsseusssess 0-02 

___ rere 0-13 

| Ee ee 0-18 

MD Pee ucandcesecsteeseccs 0-25 

RT wisisiebidaniaddiodiuin 0-27 

Nh kukhatebbccendecieseus 0-28 

DE ~ saataadiicesivacstes 0-29 

MD ctahcndanaeasmabesie 0-29 

BT Fadvshachaanevetncesnn 0-34 
 secceeasiccvisercices 0-47 

Db wédicucedcdccsnkexnss 0-84 
ees ee 0-89 
TOC ED 0-93 

MEE | sulwaidbcadanineksaons 1-02 

BEE | daicheshaxadddegieces 1-68 

EE Svesnautirccasstaness 1-76 

NU”. cevdncasivusdiscdsces 1-97 


The velocity-coefficient rises to a maximum, then falls, and again 
rises and again 


falls. 
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1-95 
1-84 
1-79 
1-72 
1-70 
1-69 
1-68 
1-68 
1-63 
1-50 
1-13 
1-08 
1-04 
0-95 
0-29 
0-21 


K= tlog 


K loge. 


0-00111 
0-00119 
0-00126 
0-00137 
0-00143 
0-00145 
0-00145 
0-00139 
0-00139 
0-00141 
0-00147 
0-00144 
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TaBiE VI. 
Action of Fuming Hydrochloric Acid on Cellulose. 


Velocity of hydrolysis during latter part of action, calculated by 
means of Worley’s equation. 


a, (from 
Time in minutes. curve). a-a,. K logex 10°. 
nee rer 0-335° 1-635° — 
TD eesedanasnnceusscvons 0-570 1-400 ~ 
GED sadtitincccssocercese 0-760 1-210 — 
GRID * Sedcncnndndinidnonsoe 0-915 1-055 — 
WE asdvcssctsnesesnosana 1-040 0-930 — 
WN bcd dbebcdwnssiaaccces 1-140 0-830 a 
WY | Sadvipecaeetcsosncees 1-225 0-745 — 
GD” sendneerensapeiersens 1-300 0-670 — 
TD adaubbicacannsensense 1-370 0-600 544 
BEND swassncbcddcndesseecs 1-430 0-540 517 
BERR  catnnssanisbesioians 1-490 0-480 502 
BI ) (iy geiko vincercdonnses 1-540 0-430 487 
BY sepascocencactacssess 1-583 0-387 476 
BD kdketcdsuascecascccts 1-624 0-346 475 
DEE ntdndsundeaitincsine 1-660 0-310 476 
ee en 1-691 0-279 476 
BE Sibatsccapisccsisoans 1-724 0-246 484 
BID cccipessccdssccseessce 1-751 0-219 490 
FEE. aconncsnnseseboenanne 1-970 _— —_ 


The velocity-coefficient at first falls rapidly and then again rises. 


ROTHAMSTED EXPERIMENTAL STATION, 
HARPENDEN. 


CXCIL.—Quinone-ammonium Derivatives. Part IV. 
Products of the Extreme Alkylation of Alkylated 
isoPicramic Acid. 

By RapHaEt MELpDoLA and WILLIAM FRANcIS HOLLELY. 


In the course of experiments having for their object the synthesis 
of quinone-ammonium derivatives containing an asymmetric quin- 
quevalent nitrogen atom it has been shown that the third alkyl 
radicle may, in the case of isopicramic acid, attach itself to the 
oxygen of the hydroxyl group instead of to the nitrogen atom (this 
vol., p. 1469). Instead of the quinone-ammonium compound there 
would therefore be formed under these conditions an isomeric 
phenolic ether (Joc. cit., p. 1470). In view of this discovery it was 
pointed out in our last paper that a further study of the products 
of the extreme alkylation of the alkyl derivatives of isopicramic 
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acid under various conditions had become necessary, and we have 
accordingly carried out a series of experiments with mono- and 
di-methyl- and with mono- and di-benzylisopicramic acids, the com- 
plete alkylation of these compounds having been effected by means 
of methyl and ethyl sulphate respectively. The general result of 
these experiments is to show that in nearly all the cases studied 
the isomeric compounds I and II are formed simultaneously : 


O.e. 0 
NO,/ \vo, NO, NO, 
hs \s 
N.a.6. N.a.b.c. 

(I.) (II.) 


In confirmation of our former conclusion it appears, therefore, 
that when the nitrogen atom is weighted by a certain number of 
radicles heavier than methyl, further alkylation affects the hydroxy] 
group as well as the dialkylamino-group, notwithstanding the steric 
protection of the former. In the case of methyl alone, as made 
known in the first communication on the quinone-ammonium com- 
pounds (T., 1912, 101, 912), is the alkylation confined to the 
nitrogen atom, the hydroxyl group remaining unattacked under all 
conditions of methylation by methyl sulphate. When a and 6b are 
both represented by benzyl, the other extreme is reached, and 
alkylation is then restricted to the hydroxyl group, the phenolic 
ether being the sole product. 

The phenolic ethers and the isomeric quinone-ammonium deriv- 
atives obviously belong to different types of compounds, and differ 
accordingly in their general characters. The former all crystallise 
in ochreous scales having much lower melting points than their 
isomerides; they are readily soluble in alcohol, and are possessed 
of but very feebly basic properties, some of them dissolving to a 
slight extent in concentrated hydrochloric acid to form salts which 
are immediately dissociated by water. The phenolic ethers are 
readily de-alkylated at the alkyloxy-group by heating with sulphuric 
acid diluted with a little water. Attempts to replace the nitro- 
groups in these compounds by reduction, and the application of 
the diazo-reaction according to the method which has given such 
successful results with the quinone-ammonium derivatives have 
invariably failed owing to the highly oxidisable character of the 
diamino-bases which rapidly give rise to resinous products. The 
quinone-ammonium compounds, unlike their isomerides, are dis- 
tinctly basic, and can therefore be readily separated from the latter 
by acid extraction. They are but very sparingly soluble in alcohol, 
and resist de-alkylation by the sulphuric acid treatment ; in the case 
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of benzyl only can the radicle be detached from the nitrogen atom 
by this treatment, but this decomposition can only be effected by 
the more violent action of practically concentrated sulphuric acid 
heated to its fuming point. 

The formation of phenolic ethers instead of quinone-ammonium 
compounds was suspected, and referred to in our last paper (this 
vol., pp. 1473, 1481, and 1486). From the experimental part of this 
paper it will be seen that this suspicion has been fully justified, 
the compound containing, methyl, ethyl, and benzyl, for example 
(loc. ctt., p. 1486), having now been shown conclusively to be an 
ether, and not the quinone-ammonium derivative. At the same 
time a more exhaustive investigation of the method of alkylation 
has shown that the condition least favourable for the production 
of the quinone-ammonium compound is that the alkyl derivative 
to be subjected to extreme alkylation should be in the first place 
heated for some time in methyl or ethyl sulphate solution, and the 
reaction then completed by aqueous alkali in the usual way. Direct 
treatment of the alkyl derivative with methyl or ethyl sulphate and 
aqueous alkali as in the ordinary process in some cases favours the 
production of the quinone-ammonium compound at the expense of 
its isomeride. By taking advantage of this property of the alkyl 
sulphates we have now succeeded in preparing for the first time 
the quinone-ammonium compound containing an asymmetric quin- 
quevalent nitrogen atom attached to the radicles methyl, ethyl, and 


benzyl: 
0-0,H, 
/ \ Y -* 
NO; is 9 (or betaine formula) NO, NO, 
bb < : 
N(CH,)(C,H,)-C,H, N(CH,)°C,H, 


The yield in this case is, however, small, the main product being 
the phenolic ether, 2 : 6-dinitrobenzylmethy!-p-phenetidine (see above 
formula), already described (loc. cit., p. 1486). 

The majority of the compounds which it has been found neces- 
sary to prepare for the present research have hitherto been unde- 
scribed, and their character and modes of preparation are given 
in the following section of this paper. 


EXPERIMENTAL. 
Ethylation of Methylisopicramic Acid. 


Methylisopicramic acid (2:6-dinitro-4-methylaminophenol) was 
prepared from methyl-p-aminophenol by a modification of the 
process which has been found to give successful results in the 
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preparation of wsopicramic acid (Meldola, Hale, and Thompson, 
Chemical World, 1912, 1, 327). As there is some difficulty in 
meeting the precise conditions necessary for the successful prepara- 
tion of this compound the following details may be useful : 

Methyl-p-aminophenol is converted into a diacetyl derivative by 
dissolving the substance in acetic anhydride, and, after the first 
reaction is over, adding a few drops of concentrated sulphuric acid 
and allowing the solution to remain for some hours at the atmo- 
spheric temperature. The product is precipitated by diluting the 
solution with water so as to decompose excess of acetic anhydride 
and partly neutralising with ammonia as the diacetyl derivative is 
somewhat freely soluble in dilute acetic acid. The crystalline 
diacetyl derivative is collected, washed with water, and then hydro- 
lysed by dissolving in cold dilute sodium hydroxide solution, and 
precipitating by hydrochloric acid. By this treatment the O-acetyl 
is easily detached, and the phenolic monoacetyl derivative obtained. 
This compound crystallises from water in silvery scales melting at 
245°. The nitration is best effected in small batches (2°5 grams) 
by suspending the crystalline compound in a little glacial acetic 
acid, and then adding gradually to the solution cooled in ice the 
necessary quantity (3 c.c.) of fuming nitric acid diluted with an 
equal volume of glacial acetic acid. The addition of the nitric acid 
causes the acetyl derivative to pass into solution, the beaker con- 
taining the latter being at this stage withdrawn from the ice-bath 
and allowed to remain for about an hour at the ordinary tempera- 
ture. The solution is then poured on ice, and the product collected 
and washed with water. The dinitroacetyl derivative crystallises 
from dilute alcohol in ochreous scales, or on slow deposition in 
ochreous prisms, dissolving in aqueous alkali with an orange colour. 
The melting point is 142—143°: 


0°1015 gave 14°8 c.c. N, (moist) at 20°5° and 752°3 mm. N=16°47. 
C,H,O,N; requires N=16°47 per cent. 

If the solution is kept too long at atmospheric temperature the 
whole product may be lost; on the other hand, by nitrating rapidly 
at a lower temperature with excess of fuming nitric acid a mono 
nitro-compound has been obtained. In order to prepare the latter 
the acetyl derivative is as before suspended in glacial acetic acid, 
cooled in ice, and undiluted fuming acid added drop by drop with 
constant stirring until crystals begin to separate. After about 
fifteen minutes the solution is withdrawn from the ice-bath and 
poured on ice, when the mononitroacetyl derivative separates as 
a crystalline deposit. After being collected, washed, and crystal- 
lised from alcohol it consists of ochreous, nodular crystals, melting 
at 161—162°: 
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0°1301 gave 15 c.c. N, (moist) at 19°5° and 764°8 mm. N=13°30. 
CyH,,0,Ng requires N=13°33 per cent. 

The mononitro-compound on further nitration gives the dinitro- 
derivative (m. p. 142—143°) described above. Both the mono and 
di-nitro-derivatives are readily hydrolysed by heating with sul- 
phurie acid diluted with a little water until a drop withdrawn from 
the solution ceases to show turbidity on dilution with water. The 
free base is precipitated by diluting the sulphuric acid solution 
with water and neutralising with ammonia or sodium hydroxide. 
The mononitro-compound prepared in this way is 2-nitro-4-methy)- 
aminophenol; it crystallises from alcohol in dark reddish-brown 
scales, melting at 113—-114°, and dissolving in dilute alkali with a 
crimson colour: 
0°1002 gave 0°1832 CO, and 0°0450 H,O. C=49°86; H=4'99. 
0°0906 ,, 13:1 c.c. Ny (moist) at 17°5° and 755°2 mm. N=16°63. 

C,H,O;N, requires C=49°97; H=4°'79; N=16°67 per cent. 

The dinitro-compound obtained from its acetyl derivative by 
hydrolysis with sulphurie acid as above is 2:6-dinitro-4-methyl- 
aminophenol (methylisopicramic acid). It crystallises from alcohol 
in dark, slender, purple needles or scales according to the rate of 
deposition ; the melting point is 153—154°, and the substance is 
very similar to isopicramic acid in its general properties, dissolving 
in aqueous ammonia with a purple colour and in dilute sodium 
hydroxide with a crimson colour: 

0°1202 gave 21°2 c.c. N, (moist) at 19° and 742°6 mm. N=19°79. 

C;H,0;N, requires N=19°72 per cent. 

The constitution of these compounds is determined by the follow- 
ing considerations: The dinitro-compound on being heated for a 
short time with benzyl chloride in presence of water gives benzyl- 
methylisopicramic acid (m. p. 111—112°; this vol., p. 1484). As 
the mononitro-compound gives the dinitro-derivative on further 
nitration, the nitro-group in the former is in position 2 (or 6). The 
formule are accordingly : 


OH oH OH OH 
/ wo, NO,’ NO, ( NNO, NO,“ NNO, 
\Z bs of \Z a 
_NacOH, NAcCH, § NH-CH, NH-CH, 


M. p. 161—162°. M. p. 142—143°. M. p. 113—114°. M. p. 153—154°. 


In view of the circumstance that the hydroxyl in methyliso- 
Picramic acid is most thoroughly “ protected” by nitro-groups, this 
compound was used for further alkylation as being the more likely 
to yield quinone-ammonium derivatives. The substance was dis- 
VOL, CV. 6 T 
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solved in excess of ethyl sulphate at 100°, and kept at this tem- 
perature for about an hour. The excess of ethyl sulphate was then 
decomposed by aqueous alkali in the usual way, and the crystalline 
deposit thus obtained was removed by filtration. The compound 
is extremely soluble in alcohol, and separates from a concentrated 
solution in flat, amber-coloured needles, melting at 67—68°; it is 
slightly basic in character, dissolving in hydrochloric acid to a 
colourless solution, and separating in the original crystalline form 
on neutralising the solution with alkali. Analysis indicated that 
two ethyl groups had entered the molecule of methyl¢sopicramic 
acid : 

0°1004 gave 0°1794 CO, and 0°0526 H,O. C=48°73; H=5°82. 

071042 ,, 13°9 c.c. N, (moist) at 17° and 769mm. N=15'66. 

C,,H,;0,;N; requires C= 49°04; H=5°61; N=15°62 per cent. 

The alkaline filtrate from which the above compound had been 
separated deposited in the course of some days another crop of 
crystals consisting of deep dull red needles having no melting point 
up to 300°, but blackening at about 250°. This compound is 
strongly basic, and more soluble in water than the substance 
described above; it separates but slowly from a concentrated solu- 
tion in hydrochloric acid on the addition of alkali, and can be 
crystallised from boiling water, from which it is slowly deposited 
on cooling in orange prisms having a violet reflexion when in the 
mother liquor. The substance is but very sparingly soluble in 
alcohol, and this property, combined with its high melting point 
and strongly basic character, has led to the conclusion that it is the 
true quinone-ammonium compound. This conclusion is borne out 
by the analytical results, although the latter are complicated by 
the tendency of the compound to retain water of crystallisation : 

0°1528 (originally deposited crystals dried at 100°) gave 20°65 c.c. 

N, (moist) at 19°5° and 762°7 mm. N=15'56. 
C,,H,;0;N, requires N=15°62 per cent. 

A specimen was prepared for combustion by dissolving in hydro- 
chloric acid, neutralising with ammonia, and allowing to crystallise. 
The washed crystals, allowed to dry in a desiccator at the ordinary 
temperature, became opaque on drying at 100°, and lost water: 

0°4278 lost 0°0264 H,O=6'17. 

0°1324 (hydrate) gave 17°2 c.c. N, (moist) at 24° and 765°1 mm. 

N=14°67. 
C,,H,,0;N;,H,O requires H,O= 6°27; N=14°63 per cent. 

The combustions indicated that the specimen analysed may have 
retained a little more than the one molecule of water (C=45°02; 
H=5'7; instead of C=45°97; H=5-97 per cent.), but the general 
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results leave no doubt that the substance is the hydrated quinone- 
ammonium derivative. In this case, therefore, the etlylation of 
methylisopicramic acid resulted in the formation of the isomerides: 


0-C,H, 2 
NO, \xo, No,“ NNO, 
NZ 
N(C,H;)-CH, N(C,H;,).°"CH, 


(I.) (II.) 

(I) 2:6-Dinitro-4-methylethylphenetidine. 

(II) 2:6-Dinitro-4-methyldiethylammonium-1-benzoquinone. 

Confirmation of this conclusion was obtained by de-alkylating the 
compounds by the sulphuric acid method previously described. The 
substance of low melting point (m. p. 67—68°) dissolves at once 
in concentrated sulphuric acid diluted with about one-fourth its 
volume of water, the solution then containing the sulphate of the 
base ; this salt is dissociable by water, so that a drop of the solution 
diluted with water on a watch-glass gives an immediate yellow 
turbidity. On heating the acid solution for one or two minutes 
to its boiling point and allowing to cool, it no longer gives a 
turbidity on dilution with water, and the addition of alkali to the 
dilute solution causes the development of a purple colour, showing 
that de-alkylation has taken place. The compound of high melting 
point, on the other hand, remains unchanged under this treatment ; 
it simply dissolves in the acid, and the solution, after being heated 
as above, on dilution and neutralisation with alkali, gives the 
original quinone-ammonium derivative. 

The product obtained from the phenetidine derivative by 
de-alkylation showed, as had been anticipated, that the O-ethyl 
group had been removed, and that methylethylisopicramic acid had 
been formed. A general method for the synthesis of heterogeneous 
dialkyl derivatives of substituted p-aminophenol is thus suggested : 


0.c OH OH 
NO, NO, _, NO,( “wo, NO, NNO, 
\Z a ‘es 
N.a.6 N.a.b N(CH,)°C,H, 
(I.) (II.) (III.) M. p. 104—105°. 


Methylethylisopicramic Acid=2:6-dinitro - 4 -methylethylamino- 
phenol (III above), prepared as described, can be obtained from the 
acid solution by neutralising with ammonia, the ammonium salt 
separating on cooling in characteristic bronzy scales. The free 
compound, liberated from the ammonium salt by dissolving the 
latter in hot water and neutralising with hydrochloric acid, has all 
6172 
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the properties of the dialkylisopicramic acid derivatives. It is both 
acid and basic, and forms an ammonium salt, which is but spar- 
ingly soluble in cold water, and dissolves in hot water with a purple 
colour. It dissolves freely in boiling alcohol, and crystallises from 
this solvent on cooling in dark brown scales with a bronzy lustre, 
and melting at 104—105°: 

0°1017 gave 0°1668 CO, and 0°0439 H,O. C=44°73; H=4°80. 

071088 ,, 17°35 c.c. Ng (moist) at 26°5° and 758°8 mm. 

N=17°61. 
C,H,,0;N, requires C=44°78; H=4°59; N=17°43 per cent. 

It may be added that attempts to arrest the ethylation of methyl- 
tsopicramic acid at the intermediate stage so as to obtain the above 
methylethyl derivative directly were unsuccessful, as two ethyl 
groups are introduced by ethyl sulphate under all conditions of 
alkylation. Dimethylisopicramic acid (T., 1912, 101, 924) can also 
be ethylated by the above process. The product is, no doubt, the 
phenolic ether (m. p. about 95°), but the yield is small, and no 
quinone-ammonium compound was obtained in this case. 


Ethylation of Benzylisopicramic Acid. 


In preparing benzylethylisopicramic acid by the ethylation of 
benzylsopicramic acid a non-phenolic by-product was obtained, 
which was provisionally regarded as the phenolic ether (this vol., 
p. 1485). A further supply of this compound has been prepared, 
and its properties studied more fully than was possible with the 
small quantity of material formerly at our disposal. The result of 
this later work is to confirm the conclusion that the substance is 
the phenetidine derivative, and not the quinone-ammonium com- 
pound. 

The material required was prepared by dissolving benzyitso- 
picramic acid in excess of ethyl sulphate at 100°, and keeping the 
solution at this temperature for about an hour. The product was 
then mixed with water, and the excess of ethyl sulphate removed 
by treatment with sodium hydroxide solution in the usual way. 
The crystalline deposit, after being collected and washed with water, 
was obtained by crystallisation from alcohol in lustrous, amber- 
coloured scales, melting at 129—130°: 

0°1210 gave 0°2608 CO, and 0°0590 H,O. C=58°77; H=5-42. 

0°2033 ,, 21°6 c.c. Ny (moist) at 15°5° and 751°4 mm. 

N=12°28. 

C,,H,,0;N; requires C=59°09; H=5°54; N=12'17 per cent. 

The compound is feebly basic, dissolving with difficulty in hot 
concentrated hydrochloric acid, and forming a solution which 
immediately becomes turbid on dilution with water owing to the 
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dissociation of the salt and the liberation of the free compound, 
which slowly separates in characteristic ochreous scales, The con- 
stitution of the compound is proved by its de-ethylation by sul- 
phuric acid, with the formation of benzylethylisopicramic acid (this 
vol., p. 1485), melting at 96—97°, and the formula is accordingly: 


O°C,H, 
NO,/ no, 
be 4 
N(C,H;)°C,H, 
2 : 6-Dinitro-4-benzylethyl-y-phenetidine. 


The product of the extreme reduction of the above compound 
by tin and hydrochloric acid in the usual way was found, as in the 
case of all these phenolic ethers, to yield only resinous products 
when submitted to the diazo-reaction. The alkaline filtrate from 
which the original substance had been separated was concentrated 
by evaporation with the object of isolating any quinone-ammonium 
compound that might be formed. Nothing was deposited, however, 
on long keeping, and this derivative, if present, appears to be more 
soluble in water than its lower homologues. Such a compound, 
even if obtained, would be the benzyldiethyl derivative, and there- 
fore of no special interest from the point of view of the present 
investigation. 

A question of general interest in connexion with the phenolic 
ethers of the above type has been tested in the present case, but, 
so far, with negative results. A compound of the type (I) below 
contains a tervalent nitrogen atom, and might therefore be con- 
vertible into a compound containing an asymmetric quinquevalent 
nitrogen atom of the type (II). Some of the phenetidine derivative 
was therefore dissolved in excess of methyl sulphate and heated to 


O.¢ O.c 0 ——0 
4 
NO,/ NO, NO, NNO, NO,/ ‘NO, 4, NO, NNO, 
Sf Eg uy 
N.a.b X‘N.a.b.d Ne.b.c ———= ee 
(I.) (II.) (III.) (IV.) 


100° for an hour. After removal of the excess of methyl sulphate 
by alkaline’ treatment the substance was recovered unchanged, 
showing that no methylation had taken place. A similar result had 
been formerly cbtained with dinitrodimethyl-panisidine (T., 1912, 
101, 912), and it would appear that a free hydroxyl group in the 
para-position with tbe consequent possibility of assuming the 
“quinonoid” configuration (III) or (IV), is a condition essential 
to the formation of quinone-ammonium compounds. It is, of course, 
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possible that the nitro-groups may have some influence in checking 
the conversion of the tervalent into quinquevalent nitrogen in these 
phenolic ethers, and the experiments may be worth repeating with 
unsubstituted dialkyl-paminophenolic ethers if these compounds 
can be obtained with dissimilar radicles attached to the nitrogen 
atom. A compound of the required type, in which a, b, c, and d 
are all represented by methyl, namely, CH,-O-C,H,-N(CHg),°X, is 
said to have been prepared by Griess (Ber., 1880, 18, 649), but 
there seems to be special difficulties connected with the formation 
of such compounds with dissimilar radicles in the “para”’ series. 


Methylation of Benzylisopicramic Acid. 


A quinone-ammonium derivative obtained as a by-product 
during the methylation of benzylisopicramic acid was described in 
our last paper (this vol., p. 1484). The substance is readily pre- 
pared in quantity by methylating benzylisopicramic acid with 
excess of methyl sulphate in the presence of alkali in the usual 
way. A further study of its properties has confirmed the conclu- 
sion that it is a true quinone-ammonium compound; it has no 
definite melting point, but chars and decomposes at from 225° to 
250°, according to the size of the crystals and the rate of heating. 
The compound is not decomposed by the sulphuric acid treatment 
if the solution is not too strongly heated, but if the acid is raised 
to near its boiling point the solution suddenly becomes turbid, and 
decomposition takes place with the formation of dimethyl¢sopicramic 
acid (m. p. 182—183°; T., 1912, 101, 924): 


9 OH 
NO,/ B ia NO, / NO, 
YY Ne 

N(CH,),°C,H, N(CH;), 


The constitution of the compound is established by this result, 
and, at the same time, the weakness of the attachment to the 
nitrogen atom of benzyl as compared with the true alkyls is strik- 
ingly revealed. The ready detachment of benzyl has been referred 
to before (this vol., p. 1481), and in the case of the present com- 
pound was again observed in the course of experiments on its 
products of reduction. A specimen was reduced by tin and hydro- 
chloric acid in the usual way, and the acid solution, after removal 
of the tin as sulphide, concentrated by evaporation in order to 
obtain a diazotisable diamine. During the course of the evapora- 
tion a distinct odour of benzyl chloride was perceived, and resinous 
products were formed, from which nothing definite could he 
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obtained. A similar result was observed on attempting to reduce 
fractionally with sufficient stannous chloride to reduce one of the 
nitro-groups, but the partial reduction of the compound requires 
further study, as derivatives of considerable interest might be 
obtainable by this method if it should prove experimentally realis- 
able. 

The main product of methylation of benzylisopicramic acid is the 
quinone~-ammonium compound referred to above. There is simul- 
taneously formed a small quantity of a less basic phenolic ether 
easily separable from its isomeride by the ready solubility of the 
latter in dilute hydrochloric acid. This compound, unlike the 
quinone-ammonium derivative, is readily soluble in alcohol, and 
crystallises in amber-coloured scales, melting at 75—76°: 
0°0936 gave 10°9 c.c. Ny (moist) at 20°5° and 766°6 mm. N=13°41. 

C,;H,;0;N, requires N=13°25 per cent. 

This ether is also de-alkylated by the sulphuric acid treatment, 
losing both methyl and benzyl, with the formation of methyliso- 
picramic acid: 


0-CH, OH 
NO,/ NNO, iii NO,/ No, 
A \Z 
X(CH,):C,H, NH-CH, 


Methylation of Dibenzylisopicramic Acid. 


The distinctly basic character of the dimethylquinone-ammonium 
compound described in the preceding section suggested the possi- 
bility of directly methylating the mixture of mono- and di-benzyl 
derivatives of isopicramic acid obtained by the method of benzyla- 
tion previously described (this vol., p. 1482). The tedious pre- 
liminary separation of the benzylated products would, it was anti- 
cipated, be rendered unnecessary by the conversion of the mono- 
benzyl derivative into the basic quinone-ammonium derivative, 
which is readily soluble in dilute hydrochloric acid, and could by 
this means be separated from less basic compounds. The isomeric 
phenolic ether, which in this case is formed only in very small 
quantity, was also expected to be more soluble than the correspond- 
ing dibenzyl-anisidine derivative, and therefore to be separable 
from the latter by crystallisation. These anticipations have been 
realised experimentally. 

A mixture of mono- and di-benzylisopicramic acid was methylated 
by methyl sulphate and sodium hydroxide as before, and the pro- 
duct, after being collected and washed, extracted by warm dilute 
hydrochloric acid, The acid extract: on neutralisation with ammonia 
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gave pure 2:6dinitro-4-dimethylbenzylammonium‘1-benzoquinone 
(found, N=13°32. calc., N=13°25 per cent.), so that the dibenzyl- 
isopicramic acid by this treatment apparently gives no quinone- 
ammonium compound.* The less basic residue left after the acid 
extraction after two or three crystallisations from alcohol was 
obtained in dense, brown tablets, melting at 97—99°: 

0°1056 gave 0°2471 CO, and 0°0448 H,O. C=63°81; H=4°71. 

0°1584 ,, 15°2 c.c. N, (moist) at 22° and 768°9 mm. N=11°0. 

C,,H,,0;N; requires C=64°09; H=4°87; N=10°69 per cent. 

The properties of the compound leave no doubt that it is the 
phenolic ether, 2:6-dinitro-4-dibenzylaminoanisole (2: 6-dinitrodi- 
benzyl-p-anisidine). By the sulphuric acid treatment it parts with 
methyl and benzyl under all conditions, and gives monobenzyliso- 
picramic acid (m. p. 155—156°): 

O-CH, OH 
NO,/ NO, 

7 rd 

N(C,H.), NH-C,H, 

An attempt to replace the nitro-groups by reduction and the 
diazo-reaction resulted in the formation of the usual tarry products. 
The consideration of the form in which benzyl is detached from 
these compounds by the action of hot sulphuric acid is a point of 
some interest, which it is hoped may be made the subject of further 
investigation. 


Ethylation of Benzylmethylisogicramic Acid. 


The evidence on which was based the conclusion that the com- 
pound obtained by the ethylation of benzylmethylsopicramic acid 
is a phenetidine derivative and not a quinone-ammonium com- 
pound was given in our last paper (this vol., p. 1486). A further 
study of the substance in the light of later experience has confirmed 
this conclusion, and by the sulphuric acid treatment pure benzyl- 
methylisopicramic acid has been obtained : 


0-0,H, OH 
NO,/ No, NO,( \no, 


NZ Aa 
N(CH,)°C,H, N(CH,)°C,H, 
The complete reduction of the compound led to the formation 


* It may possibly be more soluble in water than the benzyldimethyl compound 
and therefore contained in the original alkaline mother liquor, but this has not yet 
been further examined, 
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of the oxidisable base obtained from all these phenolic ethers under 
similar conditions. 

In view of the results obtained in the foregoing series of experi- 
ments a special search was made for the isomeric quinone-ammon- 
ium derivative by concentrating the alkaline filtrate from which 
the original phenolic ether had been removed by filtration. The 
solution deposited nothing on keeping for some days, but on being 
made strongly alkaline by sodium hydroxide an orange substance 
separated on stirring, and this, after being collected and washed, 
was found to possess all the properties of a quinone-ammonium 
compound, being distinctly basic in character. It was purified by 
solution in hydrochloric acid and precipitation by sodium hydr- 
oxide, and was obtained as an orange, microcrystalline powder, 
having, when dry, a decomposing point of about 191—193°: 

0°0610 gave 6°75 c.c. N, (moist) at 28° and 760°1 mm. N=12°48. 

C,,H,,0;N; requires N=12°68 per cent. 

The compound is accordingly the required 2 :6-dinitro-4-benzyl- 
methylethylammonium-1-benzoquinone. Like all these quinone- 
ammonium compounds the substance is practically insoluble in 
alcohol, but is soluble in hot water. It appears from the cases so 
far studied that the solubility of these compounds in water increases 
with the weight of the radicles attached to the nitrogen atom. The 
main product of the ethylation is, however, in this case the phene- 
tidine derivative, and we have had but a very small quantity of 
the quinone-ammonium compound at our disposal. The research 
will be continued with the object of increasing the yield if possible, 
so as to obtain sufficient material for an attempt to resolve the 
compound into optical isomerides. 


CITY AND GuILps OF LONDON INSTITUTE ; 
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CXCIV.—Synthetical Experiments in the Group of the 
isoQuinoline Alkaloids. Part IV. The Synthesis 
of B-Gnoscopine. 


By Epwarp Hors and Rosert Rosrnson. 


Durine the course of experiments instituted some three years ago 
with the object of discovering practical methods for the synthesis of 
alkaloids of the hydrastine and narcotine type, the authors observed 
that nitromeconine (I) and cotarnine (II) condense together with 
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extraordinary facility in alcoholic solution, yielding in almost quan- 
titative amount a base, anhydrocotarninenitromeconine (III). This 
new base was believed to be nitrognoscopine (nitro-r-narcotine) 
produced according to the scheme * : 


OMe CO 
OMe Co wa OS, 
y OMe CH a 
Meo \/’s - 0’ \“ \nMe NOs ‘” 
\A/ ©8sSol | Jon, OMe CH 
No, 6H VNG PS tia, 
F CH:<o | lon 
ye 


(I.) (II.) (III,) 

As it had been found possible to obtain numerous condensation 
products of hydrastine and cotarnine with substances containing a 
nitro-group, the elimination of this group became a matter of im- 
portance, and in Part I of this series (T., 1911, 99, 1153) we have 
described a method by means of which anhydrocotarninenitro- 
phthalide may be converted into anhydrocotarninephthalide (dedi- 
methoxygnoscopine) (IV) : 

0. 
OMe CH——--CH CO 
he a 
Mat oe SN 
Ae” 
CH, 
(IV.) 

In the experimental portion of the present communication it is 
shown that the nitro-group in anhydrocotarninenitromeconine may 
be similarly eliminated, by successive conversion into *NHb, 
‘-NH-NH,, -H, or alternatively into -NH,, *I, -H. The product is 
an optically inactive base, C,.H,,0,N, melting at 180°, isomeric, 
but not identical with gnoscopine. The reactions of the new com- 
pound are precisely similar to those of narcotine and gnoscopine ; 
thus it behaves as a lactone, can be converted into nornarceine and 
narceine (this being the most convenient synthesis of the latter 
alkaloid), and on oxidation yields cotarnine and opianic acid. 

The arguments, then, which are used to establish the constitution 
of narcotine can equally be applied to the deduction of the same 
formula for the new base, and it is clear that this new compound 
is a stereoisomeride of narcotine and gnoscopine. It is proposed 


* The mechanism of this and similar condensations has been described in a previous 
communication (T,, 1911, 99, 2117). 


HCO SET as Ss: gst 4 ainsi 


REI GO a 


THE GROUP OF THE ISOQUINOLINE ALKALOIDS. PART IV. 2087 


to call the substance melting at 180° B-gnoscopine, reserving the 
name a-gnoscopine for the compound previously known as gnosco- 
pine or 7-narcotine, which melts at 229°. A partial conversion (see 
p. 2101) of B-gnoscopine into a-gnoscopine occurs when the base is 
heated for a long period in aqueous alcoholic solution at 100°. 
Stereoisomerism is observed not only in the case of a- and B-gnos- 
copines, but also in the case of their iodo-derivatives, iodo-a-gnos- 


4 copine, and iodo-B-gnoscopine, which yield a- and f-gnoscopines 
‘3 respectively on reduction with aluminium amalgam in alcoholic 
solution. 
i The following table illustrates the relations of the various 
: gnoscopine derivatives : 
Cotarnine 


condensed with 


oe or aren’ 


se OT ee ee Roe 


¥ Y XM 
; nitromeconine iodomeconine meconine 
4 | ! | 
j Y Vv Pye 
: nitro-B-gnoscopine iodo-a-gnoscopine *—> a-gnoscopine 
! 
‘ v , , , f 
amino-B-gnoscopine —> iodo-B-gnoscopine if 
! \ -. H 
v ¥ v 
hydrazino-B-gnoscopine —> B-gnoscopine —> narceine <— d- and 
i-narcotine. 


Of the three methods of obtaining a-gnoscopine indicated in this 
table, that through iodo-a-gnoscopine is by far the most convenient, 
whilst B-gnoscopine and narceine are best obtained through hydr- 
azino-B-gnoscopine. 

The interesting question regarding the nature of the stereo- 
isomerism of a- and B-gnoscopine has engaged our attention, but we 
are at present unable to go beyond speculation and suggestion. 
The stereoisomerism persists, as seen above, through a series of 
derivatives, and survives the opening of the lactone ring. The two 
dissimilar asymmetric carbon atoms which a- and B-gnoscopines 
contain would obviously account for the existence of two inactive 
forms of gnoscopine (as in the case of af-dibromo-8-phenylpropionic 
acid), and would further require the existence of four optically 
active modifications. a-Gnoscopine has already been resolved into 
its optically active components, d- and /-narcotine, by Perkin and 
Robinson (T., 1911, 99, 775), but our efforts to resolve B-gnoscopine 
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* Perkin and Robinson, T., 1911, 99, 775. 
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or one of its substitution products have so far failed. In some 
preliminary attempts to resolve f#-gnoscopine, using d-bromo- 
camphorsulphonic acid, it was not found possible to obtain a crystal- 
line salt. Later, experiments were made with a view to obtain 
complex salts like morphine f-gnoscopine sulphate and morphine 
B-gnoscopine sulphosalicylate. The fractional crystallisation of 
these salts did not, however, give any satisfactory result. A more 
prolonged investigation of these salts than is considered necessary 
for the present communication will evidently be required before 
B-gnoscopine can be resolved with their aid. 

Experiments have been made also to obtain evidence of the 
asymmetry of the B-gnoscopine molecule by fractionally crystallis- 
ing (a) the condensation product of amino-8-gnoscopine with 
d-hydroxymethylenecamphor (compare Pope and Read, T., 1909, 95, 
171; 1913, 108, 444), and (b) the condensation product of hydr- 
azino-B-gnoscopine with /-menthone. In the case of the first of 
these, the condensation product is obtained in almost quantitative 
amount, and on careful fractional crystallisation a definite sub- 
stance having [a], +150° and melting at 137—138° is obtained in 
an amount closely approaching 50 per cent. of the crude product. 
This is probably one of the expected isomerides, but it must be 
pointed out that it has proved impossible, working with the quan- 
tity recorded (p. 2094), to isolate in reasonable amount, the expected 
isomeride. A final decision regarding the exact nature of the 
substance melting at 137—-138° has not been arrived at because 
of the impossibility of obtaining the free amine from it. In the 
case of the menthone condensation product (p. 2097), which is 
obtainable in about 70 per cent. yield, repeated crystallisation 
produces a gradual change in the rotatory power, but it is evident 
that the separation of the isomerides (if the change of rotation 
may be interpreted in this way) is not sufficiently sharp to render 
the method a practicable one for the preparation of an optically 
active B-gnoscopine. 

Although the ordinary stereochemical explanation of the isomer- 
ism of a- and B-gnoscopines is probably the correct one, it may be 
pointed out that there are at any rate two other ways of accounting 
for isomeric gnoscopines. In the first place, in view of the recent 
work of Cain, Coulthard, and Micklethwait (T., 1912, 101, 2298), 
it is possible to assume the absence of free rotation of the bond 
joining the meconine nucleus to the hydrocotarnine residue. In 
that case a- and B-gnoscopine might be represented by V and VI 
respectively : 
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Some justification for this view may be derived from the inter- 
esting fact that nitro-8-gnoscopine possesses intense visible colour. 
Both nitromeconine and a- and B-gnoscopines are colourless, so that 
the yellow colour of nitro-B-gnoscopine must be ascribed to the 
mutual influence of the nitro- and -NMe-groups. The attraction 
between these groups may not find expression in a complete bond 
as in the quinonoid formula (VII), but it probably involves a 
proximity of the negative nitro- and the positive *NMe-groups in 
the molecule: 

CO OMe 
* \ 
< "4 \OMe 


\ ; / 
i o~ Y 


OMe CH NO,. 


(VIL) 

In the second place, if it be assumed that the valencies of the 
nitrogen atom are not all in one plane, then, obviously, the methy] 
group attached to the nitrogen atom may be in the cts- or trans- 
position with respect to the meconine complex. If either the first 
or the second of these possible causes operates in addition to the 
ordinary stereochemical cause, there should be eight active iso- 
merides and four inactive isomerides, whilst if both so operate 
there should be sixteen active and eight inactive isomerides. 


EXPERIMENTAL. 
CsH,0,°C H CH-C,H(O Me),*NO, 
, C,H,—-NMe O---CO ' 


Nitromeconine (5 grams) is dissolved in boiling alcohol (150 c.c.) 
and cotarnine (5 grams) added, either in the solid condition or in 


Nitro-B-gnosco pine 
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alcoholic solution. The solution becomes orange-brown, and a 
bright yellow, granular precipitate soon separates. The reaction is 
complete after boiling for ten minutes. After cooling, the product 
is collected, washed with alcohol, and dried. When obtained in 
this way, the nitro-8-gnoscopine was in an almost pure condition, 
the yield being about 90 per cent. of that theoretically possible. 
Nitro-B-gnoscopine is very sparingly soluble in ethyl and methyl 
alcohols, and in most other organic solvents, but can be conveni- 
ently crystallised from trichloroethylene, from which it separates in 
canary-yellow prisms, melting at 191°: 

0°1819 gave 0°3821 CO, and 0°0760 H,O. C=57'3; H=4'7. 

C..H.0,N, requires C=57°6; H=4'8 per cent. 

The substance is a true base, and forms salts with acids. It 
dissolves in glacial acetic acid in the cold, and when the solution is 
diluted, no precipitate is obtained. On adding picric acid to the 
solution in acetic acid an orange-yellow precipitate is obtained, 
which may be crystallised from methyl ethyl ketone, in which it 
is very sparingly soluble. This substance melts and decomposes 
at 153°, and is evidently the picrate of nitro-B-gnoscopine. If, 
however, the solution in glacial acetic acid or in dilute acetic acid 
is boiled, decomposition to nitromeconine and cotarnine occurs. 
Thus a solution of the base (2 grams) in acetic acid (10 c.c.) was 
boiled for two minutes, and, whilst hot, diluted with an equal 
volume of water. The needles which separated on cooling were 
readily identified by their melting point (160°) as nitromeconine— 
the melting point of a mixture with pure nitromeconine being also 
160°. On adding picric acid to the filtrate from the nitromeconine, 
cotarnine picrate was produced, and this when crystallised from 
water melted at 139° (Salway, T., 1910, 97, 1209). 

Hydrochloride—The bright yellow base dissolves in concen- 
trated hydrochloric acid to a pale yellow solution, which on dilution 
with water furnishes after some time a crystalline precipitate con- 
sisting of pale yellow prisms, soluble in much water. On treating 
with ammonia, nitro-8-gnoscopine is regenerated : 

0°1200 gave 0°0373 AgCl. Cl=7°6. 

CxpHo209N>,HCl requires Cl=7'1 per cent. 

This substance melts and decomposes at 142—143° to a red 
liquid, and on boiling with water yields nitromeconine and cotar- 
ninium chloride. 

Aurichloride.—This derivative is obtained by the addition of 
gold chloride to a solution of nitro-8-gnoscopine in excess of dilute 
hydrochloric acid. It is an amorphous, yellowish-brown precipitate, 
becoming crystalline on keeping. It begins to darken and decom- 
pose at 160°, violent decomposition occurring at 170°: 
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0°1297 gave 0°0316 Au. Au=24'4. 
CopHogOgNo,HAuCl, requires Au=24'8 per cent. 

The platinichloride is similarly obtained in yellow needles. 

Methiodide.—Nitro-B-gnoscopine dissolves in boiling methyl 
iodide, and soon a new substance crystallises from the solution in 
prismatic needles. Great difficulty was experienced in recrystal- 
lising this compound. It has a pale yellow colour, and melts and 
decomposes at 204—206°. It is very sparingly soluble in water 
or alcohol : 

0°1214 gave 0°0485 AgI. I=21°4. 

C.pH 0 ,N,,CH;I requires I=21'0 per cent. 


Nitronarceine. 


Nitro-B-gnoscopine methiodide was warmed with water, and 
excess of freshly precipitated silver chloride on the water-bath, and 
the resulting solution filtered and cooled. On the addition of dilute 
potassium hydroxide solution an orange precipitate of an ammon- 
ium hydroxide was formed, and this was collected, washed with 
water, and boiled with excess of water. The orange substance first 
became yellow, and then passed into solution. On concentrating, 
nitronarceine separated in orange-coloured, leaf-shaped micro- 
crystals, melting at 160—170°, and decomposing at a higher tem- 
perature: 

0°1162 * gave 5°7 cc. Ny at 19° and 765 mm. N=5'8. 

C3Hog0;g9N> requires N=5'7 per cent. 

Nitronarceine is rather sparingly soluble in hot water, but dis- 
solves in solutions of either acids or alkalis. Its potassium salt 
crystallises in pale yellow prisms when a hot concentrated solution 
of the base in potassium hydroxide is cooled. Unlike narceine, the 
substance in the solid state gives no coloration with iodine. 


3H,0,°C H-—CH-C,H(OMe),"NH, 
.H,—NMe O—CO 


In the preparation of this substance, nitro-6-gnoscopine (10 
grams) is dissolved in 50 c.c. of glacial acetic acid. A few pieces of 
granulated tin are added, and then a solution of 25 grams of 
hydrated stannous chloride in 30 c.c. of concentrated hydrochloric 
acid, the temperature being carefully kept below 15°. After the 
solution has remained for six hours, during which time the yellow 
colour disappears, water is added in sufficient quantity to redissolve 
the precipitate of the stannichloride at first produced. Then excess 
of concentrated sodium hydroxide solution is added, and the result- 


* Dried at 100°. 


A mino-B-gnoscopine, 
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ing alkaline solution extracted with chloroform. As much of the 
chloroform solution as possible is run off from the mixture, and the 
remaining partial emulsion shaken with more chloroform. The 
combined extracts are dried with potassium carbonate, and the 
chloroform distilled. When almost all the solvent is removed and 
the substance begins to crystallise, methyl alcohol is added and the 
distillation continued until very little chloroform remains. On 
allowing the liquid to cool, the product crystallises out almost 
completely. After collecting and washing with alcohol, it is in a 
practically pure condition, the yield being about 75 per cent. of 
that theoretically possible. The amine crystallises well from ethyl 
acetate in colourless, glistening prisms, melting at 205°. It also 
crystallises readily from a mixture of chloroform and benzene: 


0°1490 gave 0°3369 CO, and 0°0727 H,O. C=61°6; H=5°4. 
C..H,,0,N, requires C=61°6; H=5'6 per cent. 


Amino-B-gnoscopine is readily soluble in chloroform or pyridine, 
sparingly so in benzene, alcohol, or ethyl acetate, and very spar- 
ingly soluble in ether or light petroleum. Its salts with acids are 
all readily soluble in water. The solution of amino-£-gnoscopine 
in glacial or dilute acetic acid or dilute hydrochloric acid is not 
changed on boiling. On the addition of platinic chloride, gold 
chloride, or mercuric chloride to the solution of the hydrochloride, 
precipitates were obtained which were apparently amorphous. The 
amine is easily diazotised in dilute hydrochloric acid solution, but 
the diazo-solution quickly becomes orange, and finally reddish- 
brown. This decomposition was not noticed in the case of diazo- 
solutions prepared in concentrated hydrochloric acid solution. The 
diazo-compound yielded with alkaline 8-naphthol an azo-compound 
of intense crimson colour, which dissolved in concentrated sulphuric 
acid to a deep blue solution. On dissolving the amine in excess of 
methyl iodide and boiling the solution for a short time, crystallisa- 
tion of a methiodide occurs at a certain stage, on allowing some of 
the methyl iodide to escape. The substance so obtained is crystal- 
line, but of indistinct form. It contains only one iodine atom 
(Found, I=19°0; C,,;H,,O,N,I requires I=22°2 per cent.). The 
compound appears to contain the amino-group, since it yields a 
diazonium salt on treatment with dilute hydrochloric acid and 
sodium nitrite. This combines with B-naphthol, giving a scarlet 
azo-dye. 

Acetylamino-B-gnoscopine.—This derivative is readily obtained 
by the addition of acetic anhydride to a solution of the base in 
acetic acid. After allowing to remain for an hour at the ordinary 
temperature, water is added to the mixture, and the acetyl com- 
pound precipitated with ammonia. It is readily soluble in hot 
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alcohol, and separates, on cooling, in highly characteristic bunches 
of needles melting at 198°. If the crystallisation is allowed to 
occur slowly, the crystals separate as prisms. This derivative 
dissolves readily in dilute hydrochloric acid, and the solution is 
unchanged on the addition of sodium nitrite: 
0°1204 gave 0°2697 CO, and 0°0597 H,O. C=61'4; H=5‘5. 
O5,H,0,N5 requires C=61‘3; H=5‘5 per cent. 


Phenylearbamido-B-gnoscopine, Cy5H.,0;N*NH*CO-NHPh. 


In the preparation of this derivative, phenylcarbimide (2 grams) 
is warmed for ten minutes with amino-8-gnoscopine (1 gram) and 
sufficient benzene to cause solution of the amine. After concen- 
trating and cooling the solution, colourless, prismatic needles sepa- 
rate, and these, after recrystallisation from alcoliol (in which they 
are sparingly soluble), melt at 208°, decomposing to a dark red 
liquid : 

01231 gave 0°2863 CO, and 0°0607 H,O. C=63°4; H=5°5. 

Cy9HyO,N, requires C=63°6; H=5°3 per cent. 

This substance dissolves in very dilute hydrochloric acid, but its 
solution in the more concentrated acid, although readily formed, 
soon deposits crystals of a sparingly soluble hydrochloride. 


CO-CH, 
CO-CH,’ 


Molecular proportions cf amino-8-gnoscopine and succinic anhy- 
dride are boiled together for about four hours in chloroform solu- 
tion. The product is isolated by evaporating the chloroform and 
adding methyl alcohol as soon as signs of crystallisation appear. 
The product can be conveniently recrystallised from a mixture of 
chloroform and méthyl alcohol. The crystals are faintly yellow, 
and melt at 248—250°. This substance is practically insoluble in 
benzene, light petroleum, or ether, and sparingly soluble in ethyl 
acétate, methyl alcohol, or ethyl alcohol. It is insoluble in aqueous 
alkaline hydroxides even on boiling, but the ring (either phthalide 
or succinimide ring, or both) is broken by alcoholic potassium 
hydroxide. It is readily soluble in dilute hydrochloric acid, and 
can be precipitated by careful addition of dilute potassium hydr- 
oxide, but the addition of excess apparently ruptures the ring, for 
the precipitate redissolves : 

0°1370 gave 0°3097 CO, and 0°0648 H,O. C=61°6; H=5'2. 
CygHogO gN, requires C=61'2; H=5'1 per cent. 


Succinimino-B-gnoscopine, O,.H,,U0,N*N< 


VOL. CV. 6 U 
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d-Camphorylidenemethylamino-B-gnoscopine, 
C Hit -CH-NH-C,,H,,0,N 


As already stated in the introduction (p.2088), this compound 
was prepared in the hope that it would afford evidence of the 
asymmetry ofjthe B-gnoscopine molecule. It is readily obtained by 
mixing a solution of amino-8-gnoscopine (4°28 grams) in 60 per 
cent. acetic acid (14 c.c.) with d-hydroxymethylenecamphor* (1°8 
grams) in alcohol (4 c.c.). The reaction is complete after heating 
for half an hour on a steam-bath. On pouring the mixture into 
water and adding dilute potassium hydroxide solution a canary- 
yellow precipitate of the condensation product is formed. The 
yield of crude dry substance is 5°4 grams, that is, about 90 per 
cent. of that theoretically possible. On crystallising the crude 
material from methyl alcohol and subsequently evaporating the 
mother liquors several fractions were obtained, the rotatory powers 
and melting points of which were observed. These results are sum- 
marised in the following table. In the determination of the optical 
activity about 0°1 grem of substance was dissolved in 10 c.c. of 
chloroform : 


The crude material (total weight 5°4 grams) gave [a], +145°7°. 
Fraction (I) from methyl alcohol (3-0 grams), m. p. 134-136°, had [a],+ 151° 


- (IT) Be = (0-54 gram), m. p. 130-134°, ,, [a],+-174° 
ie (IIT) mS ie (0-2 gram), m. p. 177-181°, ,, [a],-+-220° 
a (IV) - “ (0-05 gram), m. p. 173-178°, »» [a@l>+ 206° 


Recrystallisation of fraction I did not alter its rotatory power 
to any appreciable extent. The recrystallised product had 
[a], +150°, and melted at 137—138°. Recrystallisation of this 
specimen gave a product with [a], +149° and melting point 
137--138°. Recrystallisation of fraction II showed it to be com- 
posite. When dissolved in boiling methyl alcohol and the solution 
allowed to cool, about 0°35 gram of crystals separated. These had 
[a], +155°, and melted at 137—-139°, the substance evidently being 
identical with that constituting fraction I. The mother liquors 
from this recrystallisation yielded a small quantity of crystals melt- 
ing at 165—172°. These are without doubt identical with the 
substance of high rotatory power constituting fractions III and IV. 

The result of the examination of the above product is to show 
that a definite substance (m. p. 137—138°, [a], +150°) is produced 
in the reaction, in a yield representing about 50 per cent. of that 
theoretically possible. It is probable that this is either d-cam- 
phorylidenemethyl-d-(or /)amino-8-gnoscopine, but unfortunately no 


* This had [a], +192°. 
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means has yet been found of obtaining the free amino-compound 
from it. 

On analysis, the substance melting at 137—138° gave results too 
low in carbon when copper oxide was used in the combustion tube. 
When lead chromate was substituted the following result was 
obtained : 

0°1275 gave 0°3120 CO, and 0°0770 H.O. C=66'7; H=6'7. 

Cy3HsgO0gNy requires C=67'1; Hi=6°4 per cent. 

The suggestion that the above substance is d-camphorylidene- 
methyl-d-(or/)amino-B-gnoscopine is somewhat difficult to reconcile 
with the facts that the specific rotatory power of the crude product 
is only + 146°, and that the only other substance isolated from the 
solution (and that only in small amount) had a specific rotation of 
+ 206°. 

d-Camphorylidenemethylamino-B-gnoscopine dissolves in warm 
concentrated hydrochloric acid, and, on cooling the solution, yellow 
crystals separate in tufts. These are apparently the hydrochloride, 
and when dried on porous porcelain melt at 164—168°. The original 
substance is regenerated on adding excess of alkali. Prolonged 
boiling with hydrochloric acid results in a deep red solution, from 
which nothing is precipitated by alkali. 

The condensation product is very readily soluble in chloroform, 
ethyl acetate, or benzene, even in the cold. It is quite easily soluble 
in ethyl and methy] alcohols at their boiling points, and crystallises 
out on cooling. It is only sparingly soluble in ether, and practically 
insoluble in light petroleum. When treated with bromine in alco- 
holic solution (Pope and Read, T., 1913, 108, 444) much more 
bromine was absorbed than was theoretically necessary to give the 
hydrobromide of the amino-compound and bromoaldehydocamphor, 

CBr: 
OH <n CHO 
reaction, and doubtless complex bromine substitution products were 
formed. 


. No definite product could be isolated from the 


C,H,0,°CH-——CH-C,H (OMe),"NH-NH, 
°C,H,—NMe  O--CO 


In this preparation, amino-B-gnoscopine (6 grams) is dissolved in 
concentrated hydrochloric acid (50 c.c.). Solution occurs only on 
prolonged stirring, because of the formation of a viscid mass of 
hydrochloride. on the surface of the amino-compound. When the 
main bulk has dissolved, the solution is cooled to 0°, and a solution 
of sodium nitrite carefully added until a portion of the diluted 
reaction mixture gives a colour with starch—potassium iodide paper. 
To the diazonium solution thus prepared, a solution of 20 grams of 


6u 2 


Hydrazino-B-ginoscopine 
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hydrated stannous chloride in 40 c.c. of hydrochloric acid is added 
all at once. After the reaction has proceeded for an hour, 200 c.c. 
of water are added, and then, with careful cooling, a solution of 
120 grams of potassium hydroxide in 120 cc. of water. The 
brownish-yellow precipitate thus formed was found to contain very 
little inorganic matter, and was collected, washed thoroughly with 
water, and dried over sulphuric acid. Three such experiments gave 
a total yield of 15°56 grams, or 82 per cent. of the theoretical 
amount. The crude substance was in reality almost pure, and 
melted at 197—200°. Hydrazino-B-gnoscopine may be crystallised 
from alcohol or ethyl acetate, but best from a mixture of chloroform 
and methyl alcohol, when it separates in colourless prisms, melting 
and decompdsing to a red liquid at 202—-204°. All its salts are 
readily soluble in water: 
0°1446 gave 0°3171 CO, and 0:0765 H,O. C=59'8; H=5'8. 
CyH,;0;N, requires C=59°6; H=5'6 per cent. 


Benzylidenehydrazino-B-gnoscojne. 


When hydrazino-8-gnoscopine (2 grams) is boiled for five minutes 
with benzaldehyde (2 grams) and alcohol (10 c.c.), crystals separate 
even in the hot liquid, and precipitate almost quantitatively on 
cooling. The product may be recrystallised from alcohol, in which 
it is very sparingly soluble. The almost colourless prisms thus 
obtained melt at 216—218° to a red liquid. 


isoPropylidenehydrazino-B-gnosco pine, Cy.Ho0,N*NH:N-CMey. 


Hydrazino-8-gnoscopine dissolves readily in hot acetone, but after 
boiling for a few minutes, crystals of the above compound begin to 
separate, and this separation is soon quantitative. The product 
crystallises well from a mixture of chloroform and methyl alcohol, 
and melts at 188—190°: 

0°1542 gave 0°3510 CO, and 0°0837 H,O. C=62°1; H=6°0. 

C,;H0;,N, requires C=62°1; H=6°0 per cent. 


1-Menthylidenehydrazino-B-gnoscopine, Cy.Ho0,N*N H-N.C,9Hj,. 


Hydrazino-B-gnoscopine and /-menthone when mixed alone or in 
chloroform solution do not appear to combine, but they do so 
readily in dilute acetic acid solution. In an actual experiment, 
8°8 grams of the hydrazine, 3°3 grams of /-menthone, 15 c.c. of 
acetic acid, and 15 c.c. of water were mixed and heated on a steam- 
bath. The hydrazone separated immediately, and in this way a 
66 per cent. yield of the almost pure compound was obtained. It 
was collected, and washed with water and methyl alcohol. The 
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melting point of the product before recrystallisation was 220—221°. 
It is readily soluble in chloroform, but crystallises from a mixture 
of chloroform and methyl alcohol, the melting point of the recrystal- 
lised material being still 220—-221°: 

0°1382 gave 0°3373 CO, and 0'0884 H,O. C=66°7; H=7'1. 
C.9H,,0,N, requires C= 66°3 ; H'=7°0 per cent. 

A solution of 1°26 grams in 20 c.c. of chloroform gave 
[a], —51°1°. The following table shows the effect of recrystallisa- 
tion on the substance : 


Obtained. M. p. [a]. 

< 05 grams 220—221° —48-6° 
220—221° —43-1° 
220—221° —42-5° 
220—221° —38-4° 


It would appear from the values of {a}, that the hydrazone can 
be resolved into two constituents by continued crystallisation, but 
to isolate pure specimens of these, much larger quantities of mate- 
rial than those in our possession would be necessary. The fact that 
the melting point remains unchanged in the recrystallisation is 
probably due to its being a decomposition point rather than a true 
melting point. 

The hydrazone is unchanged by hot aqueous solutions of sodium 
carbonate and sodium hydroxide, and is also recovered unchanged 
from alcoholic potassium hydroxide solution. It dissolves in cold 
dilute hydrochloric acid and in warm dilute acetic acid, being 
reprecipitated by ammonia. 


C,H,0,°C 
bH-—NMe b—bo 


In preparing this substance, amino-8-gnoscopine (3 grams) is dis- 
solved in concentrated hydrochloric acid (30 c.c.), and the solution. 
diazotised in the usual way. The solution of the diazonium salt 
is then poured into water (100 c.c.), and the diluted solution mixed 
at once with a solution of 20 grams of potassium iodide in 150 c.c. 
of water. About ten minutes are allowed for the formation of the 
iodo-compound, and then sulphur dioxide is passed into the mixture 
to remove iodine. The crystalline precipitate (which is pale yellow 
when the operation is successful) is collected and recrystallised from 
alcohol, when it separates in colourless prisms melting at 185°: 

0°1247 gave 0°2250 CO, and 0°0486 H,O. C=49'2; H=4°3. 

071120 ,, 0°0484 AgIl. T=23°4. 

C..H..0;NI requires C=49°0; H=4'1; I=23°6 per cent. 


Todo-B-gnoscopine dissolves readily in dilute acids, and is stable 


Todo-B-gnoscopine, 
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towards boiling glacial acetic acid. If dissolved in concentrated 
nitric acid, iodine separates in the free state after some time. If its 
solution in methyl ethyl ketone is treated with picric acid dissolved 
in the same solvent, the picrate of the base crystallises in bright 
yellow pyramids, melting at 189—190°. Attempts to prepare an 
iodonarceine were unsuccessful. 


3H,0,°C H—CH-C,H,(OMe), 


B-Gnoscom ne, »H,—N Me O--—-CO 


This stereoisomeride of gnoscopine has been obtained by two 
processes. , 


I. Oxidation of Hydrazino-B-gnoscopine. 


As the outcome of many trials, the following method was ulti- 
mately adopted. The crude hydrazino-B-gnoscopine was employed, 
since considerable loss accrued in its recrystallisation. The best 
results were, moreover, obtained by working with small quantities. 
The hydrazine (2°5 grams) is dissolved in a mixture of 8 c.c. of 
acetic acid and 50 c.c. of water, and then treated in the cold with 
60 c.c. of a saturated solution of copper acetate. Evolution of 
nitrogen soon begins, and the reaction is allowed to proceed until 
no more is evolved. Cuprous oxide is precipitated, and settles out 
on the sides of the vessel. The liquid from two such experiments is 
then poured into a large separating funnel containing about 2 litres 
of ether; excess of ammonia is added, and the whole shaken vigor- 
ously for some time. The ethereal solution is dried and the ether 
distilled, the residue being crystallised from methyl alcohol. In 
this way 2°75 grams of the base (m. p. 175—177°) were obtained. 
This is a 60 per cent. yield calculated on the assumption that the 
starting material was the pure hydrazine. Actually, therefore, the 
yield must be greater. A second crystallisation from methyl alcohol 
raised the melting point to 179—180°, and after three more crystal- 
lisations from methyl alcohol, ethyl acetate, and ethyl alcohol, the 
melting point was raised to 180°, after which further crystallisation 
did not have any effect. 

In an experiment using 2°7 grams of the pure recrystallised 
hydrazine a total of 1°8 grams of pure 8-gnoscopine were obtained, 
that is, 72 per cent. of the theoretical amount. 

The crystals are colourless, rectangular prisms, like miniature 
planks, and the characteristic pointed ends of crystals of a-gnosco- 
pine are absent. The melting point (180°) of a specimen of B-gnos- 
copine was depressed to the neighbourhood of 170° when mixed with 
a-gnoscopine : 
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0°1347 gave 0°3138 CO, and 0°0656 H,O. C=63°5; H=5°4. 
Cx2H»30,N requires C=63°9; H=5'5 per cent. 


II. Reduction of Iodo-B-gnoscomne. 


Iodo-8-gnoscopine (1°5 grams) is dissolved in boiling methyl 
alcohol (75 c.c.) and the solution heated on the steam-bath for 
half an hour with aluminium amalgam obtained by steeping 5 grams 
of thin aluminium foil in 2 per cent. mercuric chloride solution. 
The hot liquid is filtered from the aluminium hydroxide, but as 
this operation cannot be performed quickly enough to avoid crystal- 
lisation of a portion of the product, the residue is again boiled with 
fresh methyl alcohol and again filtered. The combined extracts are 
concentrated, and the crystals which separate on cooling collected. 
The yield of the product is practically that demanded by theory. 
After two or three crystallisations, as in the preparation described 
above, the product melts at 180°. It melts also at the same tem- 
perature when mixed with a specimen of. B-gnoscopine obtained 
from hydrazino-B-gnoscopine. 

B-Gnoscopine forms a sparingly soluble hydrochloride, which 
crystallises in small, colourless, glistening prisms. This is moder- 
ately soluble in concentrated hydrochloric acid, and is therefore 
obtained in only small yield by dissolving 8-gnoscopine in the latter. 
It is best prepared by passing gaseous hydrogen chloride into a 
solution of B-gnoscopine in glacial acetic acid. When prepared by 
either of these methods the substance melts at 86—88°, but after 
remaining overnight in an exhausted desiccator over sulphuric acid 
it melts at 224—-226°, solvent of crystallisation apparently having 
been abstracted. a-Gnoscopine has also been observed to form a 
hydrochloride under similar conditions, but this salt is more soluble, 
both in concentrated hydrochloric acid and in acetic acid. The 
hydrochloride of a-gnoscopine melts at 238—241°. 

B-Gnoscopine differs, however, from a-gnoscopine in forming a 
sparingly soluble nitrate. This salt quickly crystallises in micro- 
scopic prisms from the solution of the base in dilute nitric acid. 
The double salts of B-gnoscopine hydrochloride with gold, platiniec, 
and mercuric chlorides resemble in most respects the corresponding 
narcotine and a-gnoscopine derivatives. 

The picrate of B-gnoscopine is readily formed by the addition of 
an aqueous solution of picric acid to an aqueous solution of 
B-gnoscopine hydrochloride. It separates as a bright yellow solid, 
sparingly soluble in water, and it may be crystallised from ethyl 
or methyl alcohol, from which it separates in short, stout prisms, 
melting at 199—201°, and decomposing with effervescence at that 
temperature. The picrate melts under boiling water, and is very 
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readily soluble in acetone or methyl ethyl ketone. The freshly 
crystallised substance always seems to contain some solvent of 
crystallisation. 

B-Gnoscopine is insoluble in aqueous potassium hydroxide, but on 
being warmed with an alcoholic solution of the latter, is dissolved, 
and is not reprecipitated by the addition of water. After the 
addition of hydrochloric acid, the base is then precipitable by 
ammonia, the lactone ring evidently having been regenerated. 

8-Gnoscopine combines readily with methyl sulphate, forming a 
colourless, viscid mass. This was converted into narceine by the 
following process. The methosulphate was dissolved in hot water, 
and enough potassium hydroxide added to render the solution 
alkaline. After boiling for ten minutes the solution was acidified 
with acetic acid. On cooling, woolly needles of narceine separated. 
These, after recrystallisation from water, melted at 178°, and the 
melting point was not depressed when the substance was mixed 
with a purified specimen of narceine extracted from opium. The 
above method of obtaining narceine may be conveniently applied 
as a test-tube reaction for narcotine and a- and 8-gnoscopines. 


Oxidation of B-Gnoscopine to Cotarnine and Omanic Acid. 


This oxidation was effected by means of dilute nitric acid, but it 
was found that B-gnoscopine was more resistant to oxidation than 
either narcotine or a-gnoscopine. §-Gnoscopine (2 grams) was dis- 
solved in dilute nitric acid (prepared by mixing 10 c,c. of water 
with 4 c.c. of ordinary concentrated nitric acid), and the solution, 
which soon deposited crystals of the nitrate, was warmed on the 
steam-bath until a specimen no longer gave a precipitate with 
ammonia. The formation of teropiammon which is always observed 
in the oxidation of narcotine was not observed here. The orange 
solution was treated with excess of potassium hydroxide, and the 
precipitated cotarnine collected and identified by conversion into 
the benzoyl derivative, melting at 122°. 

The filtrate from the cotarnine was acidified with hydrochloric 
acid, saturated with ammonium sulphate, and repeatedly extracted 
with ether. The ethereal solution, after being washed, dried, and 
evaporated, gave a small quantity of crystalline material, which 
was identified as opianic acid by means of the characteristic red 
colour obtained on treatment with xylene and sulphuric acid. The 
substance also gave an odour of veratraldehyde on heating. Insuffi- 
cient material was obtained for recrystallisation, and it is probable 
that much of the opianic acid was further oxidised to hemipinic 
acid under the above conditions, 
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Conversion of B-Gnoseopine into a-Gnoscopine. 


B-Gnoscopine was unchanged by boiling with dilute hydrochloric 
acid for two hours, but a partial change to a-gnoscopine took place 
under the following conditions. §-Gnoscopine (2 grams) was mixed 
with ethyl alcohol (40 c.c.) and water (10 c.c.), and the mixture 
heated at 100° in sealed tubes for two weeks. The tubes were 
heated during the working day only, and each morning the major , 
portion of the alkaloid appeared to have crystallised in large prisms. 
(Complete solution took place at 100°.) A slight amount of decom- 
position occurred, as indicated by the pale orange tinge which the 
solution acquired. When the tubes were opened, the liquid was 
drained from the crystals (1‘2 grams), which were found to consist 
of unchanged 8-gnoscopine melting at 179°. On being diluted with 
water, the mother liquors deposited a further crop of crystals, which 
proved to be almost pure a-gnoscopine melting at 230—-232°. When 
mixed with a specimen of pure a-gnoscopine, the melting point 
was unchanged. 


Conversion of B-Gnoscopine into Nornarcetine, 


When B-gnoscopine is heated with dilute acetic acid for three days 
at 105—110°, it is partly converted into nornarceine. The con- 
version was carried out according to the method described for a- 
gnoscopine by Rabe (Ber., 1907, 40, 3280), 5°3 grams of B-gnosco- 
pine being heated for seventy hours with a mixture of 9 grams of 
acetic acid and 50 grams of water. The products were isolated as 
described by Rabe (loc. cit.), the yield of nornarceine being about 
0°07 gram. This product showed the characteristic properties of 
nornareeine. When crystallised from water it melted at 146°. It 
dissolved in aleohol, but quickly separated out again as an anhydrous 
modification, melting at 228°. The remainder of the product proved 
to he unchanged B-gnoscopine (m. p. 178—180°), no trace of a- 
gnoscopine being observed. Further, no meconine was found, as is 
the case in the similar conversion of narcotine to nornarceine. 

The hydrobromide of nornarceine was prepared in order to 
compare it with the product of bromination of nornarceine (p. 2102). 
It readily separates when nornarceine is dissolved in dilute hydro- 
bromic acid, and consists of very small needles. When first prepared 
it melts below 100°, effervescing about 115°. On keeping overnight 
in an exhausted desiccator over sulphuric acid, it melts at 
128—131°, some water of crystallisation evidently having been 
abstracted. When the substance is heated at 100—105° in order to 
drive off the water of crystallisation, it becomes viscid on the 
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surface, but after cooling can easily be powdered. The salt melts 
indefinitely between 143° and 152°. 
A specimen which had been allowed to dry in the air, and melted 
at 100—105°, was analysed : 
0°1185 gave 0°0410 AgBr. Br=14'7. 
CysH,C,N,HBr,H,O requires Br=15°1 per cent. 
Cy2H,;0,N, HBr,2H,O ‘9 Br=14°6 ,,_ ,, 


Bromonornarceine, C,,H,,0,N-CHBr-CO << So Me 
CO,H OMe 


In considering methods for the transformation of B- into a-gnosco- 
pine it was thought possible that if V-bromonornarceine could be 
prepared, elimination of hydrogen bromide from this might give the 
desired result. Experiments were therefore instituted with the view 
of preparing this compound, but it was soon discovered that sodium 
hypobromite reacts with nornarceine in acid solution to give a 
hydrobromide of bromonornarceine, the bromine being attached to 
carbon. In alkaline solution the amount of interaction is insigni- 
ficant, only very small quantities of a halogen-containing compound 
being produced. 

In the preparation of bromonornarceine, the following method 
was used. Nornarceine (6°8 grams) was dissolved in V-hydrochloric 
acid (150 c.c.) and 29 c.c. of a solution of sodium hypobromite 
(prepared by adding 2°4 grams of bromine to a solution of 1°8 grams 
of sodium hydroxide in 29 c.c. of water) were gradually run in. On 
keeping overnight, crystals were deposited from the acid liquid, the 
total yield of dry substance being 6°8 grams. The crystals, which 
were observed under the microscope to consist of large prisms, 
melted and decomposed at 124—126°. On recrystallisation from 
water, the melting point is ultimately raised to 132—134°. On 
heating for two or three hours at 110° this substance apparently 
partly loses hydrogen bromide, and an attempt to crystallise the 
heated substance from water reveals a new, much more sparingly 
soluble compound, which is bromonornarceine. The free base is 
most easily prepared by treating the aqueous solution of the hydro- 
bromide with sodium carbonate solution. Bromonornarceine is 
readily purified by recrystallisation from water. It melts at 
198—200°, effervescing violently. Under the microscope it appears 
as very minute prisms. It is insoluble in sodium carbonate solu- 
tion, but readily soluble in dilute sodium hydroxide, being reprecipi- 
tated by carbon dioxide : 

0°1400 gave 0°0493 AgBr. Br=14°9. 

C,.H,,O,NBr requires Br=15°6 per cent. 
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The substance dissolves readily in dilute hydrobromic acid, and 
the hydrobromide separates in prisms melting at 134—136°. When 
mixed with the original product of the bromination (m. p. 
132—134°) the melting point was unaltered. The hydrochloride is 
likewise produced by dissolving bromonornarceine in hydrochloric 
acid, but this salt crystallises from water quite differently from the 
hydrobromide. The pure salt melts at 126—128°. 

On treating nornarceine with sodium hypobromite in alkaline 
solution a small quantity of crystals separated, but these were evi- 
dently impure, and contained only about 4 per cent. of bromine. 
On acidifying the solution, a further small quantity of a substance 
containing bromine was obtained, but the amount was so small 
that no further investigation was made, particularly in view of the 
subsequently discovered fact that B-gnoscopine gives only a very 
small yield of nornarceine (p. 2101). 

As already mentioned in the introduction, efforts to resolve 
B-gnoscopine have so far proved unavailing. The d-bromocamphor- 
sulphonate showed no tendency to crystallise. Attempts were made 
also to prepare double salts of B-gnoscopine and morphine with 
sulphuric and sulphosalicylic acids, but, although no resolution 
has yet been effected in these cases the investigation will be con- 
tinued as soon as sufficient B-gnoscopine has been accumulated. 


CHMe 


NO, / So 
Nitro-a-methylmeconine, /  \__go/ . 
Kent 
OMe OMe 


In the preparation of this compound, a-methylmeconine (4°5 
grams), prepared by the action of magnesium methyl iodide on 
opianic acid (Simonis, Marben, and Mermod, Ber., 1905, 38, 3981), 
is treated with 25 c.c. of concentrated nitric acid in the cold for 
half an hour. The precipitate obtained on the addition of water 
is collected and crystallised from methyl alcohol. This compound 
consists of pale yellow leaflets melting at 110°, and is much more 
soluble in ethyl and methyl alcohols than is nitromeconine: 

0°1333 gave 0°2567 CO, and 0°0543 H,O. C=52°5; H=4'5. 

C,,H,,0,N requires C=52°2; H=4°3 per cent. 


Anhydrocotarninenitro-a-methylmeconine, 


C,H,,0,° ‘CH— Me: "CG, 'sH(OMe),° eat 
(,H,—NMe Co 
In this preparation, nitro-a-methylmeconine (6 grams) and cotar- 


nine (6 grams) were boiled together in 50 c.c. of methyl alcohol for 
twenty minutes. Crystallisation of the bright yellow condensation 
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product commenced while the solution was hot. After the solution 
had cooled, the crystals were collected. As they were obviously 
mixed with unchanged nitro-compound they were treated with 
dilute hydrechloric acid, and the solution was filtered and treated 
with ammonia. The precipitate of the purified condensation product 
was erystallised from ethyl alcohol, from which it separated in 
yellow needles, melting and decomposing at 160°: 

0°1075 gave 0°2327 CO, and 0°0506 H,O. C=59°0; H=5'2. 

C,,H,O,N, requires C=58'5; H=5'l per cent. 

The substance is very similar in its reactions to nitro-B-gnoscopine. 
It is more soluble in organic solvents, but is still very sparingly 
seluble in methyl aleohol. The base forms salts resembling those of 
nitro-B-gnoscopine, and when its solution in acetic acid is boiled, 
decomposition to cotarnine and nitromethylmeconine occurs. When 
reduced in the manner described under the preparation of amino-f- 
gnoscopine, it yields a colourless, crystalline base, which is readily 
diazotisable. The diazonium salt couples with alkaline B-naphthol, 
giving an intense crimson azo-compound. 


The authors desire to thank the Research Fund Committee of the 
Chemical Society for a grant,* which has defrayed a part of the 
expense of this investigation. 
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CXCV.—The Isomerism of the Oximes. Part IV. 
The Constitution of the N-Methyl Ethers of the 
Aldoximes and the Absorption Spectra of Oximes, 
their Sodium Salts, and Methyl Ethers. 


By Oscar Liste Brapy. 


Wuitst the Hantzsch-Werner stereochemical hypothesis is generally 
accepted as providing the most satisfactory explanation of the 
isomerism of the oximes, the earlier theory of Beckmann still finds 
some supporters. Thus for the two benzaldoximes we have: 
C,H,CH C,H;-CH C,H,-CH:N-OH C,H,-CH—-NH 


HO-N N:-OH 
O 


Hantzsch and Werner. Beckmann, 


* I desire to thank the Research Fund Committee of the Chemical Society for a 
grant which enabled me to contribute a share towards the expense of a former 
investigation on the synthesis of narcotine (Perkin and Robinson, T., 1911, 99, 775). 
—R. R. 
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The existence of two isomeric methyl ethers of, for example, 
p-nitrobenzaldoxime, both of which have the methyl group attached 
to oxygen, cannot be explained by Beckmann’s formula but is 
readily accounted for by that of Hantzsch: 

NO,C,H,CH NO,‘C,H,°C H 
MeO-N ‘OMe ° 


On the other hand, a third methyl ether is known, in which the 
methyl group is attachéd directly to nitrogen. Here the stereo- 
chemical theory is at fault, and the iso-oxime structure of Beck- 
mann 

NO,°C,H,‘CHN Me 
\Z 
O 


has been generally assigned to this substance. 

Forster and Holmes (T., 1908, 93, 244), from a study of the 
properties of isonitrosocamphor methyl ether, arrived at the con- 
clusion that this substance should be represented by formula I 
rather than by the more usual structure (II): 


O:N Me:O 0 
CH i<bo CHi< bo O 
(L) (II.) 
Angeli, Alessandri, and Aiazzi-Mancini (Atti R. Accad. Lincei, 
1911, [v], 20, i, 546) have extended this idea to the N-phenyl 
ethers of the oximes and they regard these compounds as contain- 
ing a quinquevalent nitrogen atom, thus: R-CH:NPh‘:O. Their 
conclusions are based on the fact that the W-ethers are unstable 
towards permanganate, differing in this respect from the oxides 
R-CH-CH-B;; further, the action of magnesiim phenyl bromide on 
4 
O 

N-phenylbenzaldoxime, giving B-phenyl]-8-diphenylmethylhydroxyl- 
amine, CHPh,*NPh°OH, is analogous to the action of that com- 
pound on  benzylidineaniline, giving diphenylanilinomethane, 
CHPh;*-NHPh; in addition, Scheiber (Ber., 1911, 44, 761) has 
failed to obtain optically active modifications of N-alkylated ald- 
oximes such as are called for by the iso-oxime structure. It would 
appear that the formula containing quinquevalent nitrogen more 
easily explains the behaviour of these compounds, especially as they 
exhibit many unusual properties. The WN-alkyl ethers of the 
aromatic aldoximes are hydrolysed with extraordinary ease; indeed, 
the V-methyl ether of m-nitrobenzaldoxime is at once hydrolysed 
by cold concentrated hydrochloric acid ; moreover, these compounds 
readily form additive products with sodium iodide (Goldschmidt 
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and Kjellin, Ber., 1891, 24, 2812), calcium chloride, phenyl- 
carbimide, and hydrogen haloids. 

Before accepting the new structure, however, there are several 
facts to be noted which do not seem to have been fully considered 
by previous investigators. 

A structure involving a quinquevalent nitrogen atom allows for 
the existence of two isomeric nitrogen ethers, namely: 


as does also the iso-oxime structure: 
R°CH 
>0o and 
CH,°N 
although here the isomerism depends only on the relative position 
of the hydrogen atom and the methyl group. 

Luxmoore (T., 1896, 69, 183) describes a second N-methyl ether 
of benzaldoxime, but Scheiber (Annalen, 1909, 356, 215) has 
shown that the second ether obtained by Luxmoore is probably a 
hydrated form of the first, the same reason being assigned for the 
discrepancy in the melting point, etc., of V-methylanisaldoxime as 
prepared by Goldschmidt (Ber., 1890, 23, 2186) and by Beckmann 
and Netscher. The existence of these hydrates is in accordance with 
the behaviour of the similarly constituted trimethylamine oxide, 
which readily forms hydrates and appears to act as NMe,(OH),, 
forming a salt, NMe,Cl-OH, with hydrochloric acid (Dunstan and 
Goulding, T., 1899, 75, 795). It is noteworthy that the V-methyl 
ether of benzaldoxime is soluble in water and can be extracted from 
its aqueous solutions only with difficulty. These compounds, how- 
ever, differ in many respects from the amine oxides; they do not 
give alkaline solution, indeed, the N-ethers of the nitrobenzald- 
oximes are but very sparingly soluble in water; they are not hygro- 
scopic, and do not form salts with the same ease ; thus the V-methyl 
ether of pnitrobenzaldoxime is soluble in 50 per cent. hydrochloric 
acid in the cold, but the solution soon deposits crystals of p-nitro- 
benzaldehyde owing to hydrolysis; this offers a serious objection to 
the formula suggested by Angeli and his co-workers. 

The only other recorded cases of isomerism among compounds of 
this class are those of the NV-benzyl ether of pnitrobenzaldoxime 
(Behrend and Konig, Ber., 1890, 23, 2571) and the N-p-chloro- 
benzyl ether of benzaldoxime (Neubauer, A nnalen, 1897, 298, 187), 
both of which exist in two forms, the second being obtained from 
the first by the action of sodium ethoxide. These are apparently 
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not stereoisomerides, their existence being explained by a change 
in the position of the double bond, thus: 


NO,-C,H,-CH:N-CH,-0,H, —> NO,°C,H,-CH,N:CH-C,H,. 
O O 


There is little direct evidence of the spacial structure of the 
N-ethers but formula III seems at first sight to be the more 
probable as these compounds are obtained more easily from the 
syn-oximes, and Beckmann (Annalen, 1909, 365, 208) has shown 
that V-methylbenzaldoxime on treatment with phosphorus penta- 
chloride in ether yields V-methylbenzamide, a reaction which may 
be regarded as a case of the Beckmann change: 

C.H,"C:0 
CH,°-NH 

On the other hand, since Beckmann has described the preparation 
of the N-methyl ethers, of such compounds as the hydroxybenzald- 
oximes from the hydroxybenzaldehydes and 8-methylhydroxylamine, 
it seems more reasonable, as the hydroxybenzaldoximes are known 
only in the anti-form (compare Brady and Dunn, this vol., p. 824), 
to assign an anti- rather than a syn-structure to these compounds. 
The mechanism of the formation of the V-methyl ethers has received 
several interpretations ; Goldschmidt (/oc. cit.) explains the forma- 
tion of the sodium iodide additive product as follows: 


C.H,-CH - C,H, CHI . 
N-ONa N(ONa)-CH, ’ 


this compound then loses sodium iodide to give the J-ether, 


0) 
AN 
C,H,CH-N-CH, 


Luxmoore (/oc. cit.) assumes that the addition takes place at the 
nitrogen atom, which becomes quinquevalent : 
C,H,-CH C,H,°CH 
[>0+Na0-OH,+CH,L —> >0O 
NH CH,’N-Na 
| 
I 
In this way a N-methyl ether is obtained from the syn-sodium 
salt, in which the hydrogen atom and the methyl group are in the 
anti-position to one another. Luxmoore, however, has had to assume 
that the sodium salt of the syn-aldoxime has the Beckmann iso-oxime 
structure, and also that the two hydrogen atoms are in a syn-posi- 
tion to one another, in fact, he combines the stereochemical and 
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iso-oxime structures. This interpretation does not seem feasible, 
R-CH-N-CH, 
and in addition a compound of the structure Ney would 
O 


not be likely to form additive compounds with sodium iodide and 
calcium chloride so readily if it is supposed that in the formation 
of these compounds the nitrogen atom becomes quinquevalent, thus: 
R-CH-N Nal-CH,. 
\ 
O 
There remains to be considered the possibility that the N-ethers 
themselves contain quinquevalent nitrogen. 

If the addition of the elements of methyl] iodide takes place at the 
nitrogen atom, the structure of the products will depend on the 
relative positions taken by the methyl group and the iodine atom ; 
if the latter is attached at the valency direction in the same plane 
as the double bonds, an anti- and a syn-N-ether will be obtained 
according as to which isomeride is employed : 


R H R H R H 
be bd \% 
C —> C —> C 
Nao-N NaO-N-CH, N-CH, 
j Z 
0 
R B R H R H 
ye a “ae 
fi - fi TT \seasil 
N-ONa CH,-N-ONa CH,-N 
I \y 


If, on the other hand, the methyl group takes up this position, 
there will be no chance of anti-syn-isomerism in the product: 


R H R H R H 
NZ \Z i 
ia Mae 
NaO-NI = IN-ONa 
CH, On, CH, 


On this supposition the fact that the sodium salt of the syn-oxime 
yields a much larger quantity cf the N-ether than that of the 
anti-oxime can perhaps be explained by the iodine taking up a posi- 
tion near the aromatic nucleus in the case of the syn-derivative, 
whilst in the case of the anti-compound, this position being occupied, 
the stable O-methyl ether is formed. A tempting explanation of the 
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action of methyl iodide on the sodium salts of the oximes is 
afforded if it be considered that the sodium salts of the oximes are 
capable of reacting in the forms: 


wi! and iz 


Methyl iodide might act on this compound in two ways, addition 
taking place either at the carbon-nitrogen or at the oxygen-nitrogen 
double bord. In the former case the reaction may be represented 
thus: 


I 
R-C-H R. 42H 
ie (/ 

NaN —_— Ne 
> NaN=:U ° 
O | 
CH, 


The dotted valency directions indicate that these are at right angles 
to the plane of the paper. 
If rotation takes place through one right angle to bring the 
sodium and iodine atoms together, the compound becomes 
I : 
Ne 


! 
O>N-CH, ’ 
} 


R 


i 


Na 
which loses sodium iodide to give: 
R:CH 
N’CH, 
4, 
Oo 

In this way the anti-form of the N-methyl ether is obtained from 
the sodium salt of the syn-oxime; conversely, the anti-sodium salt 
would yield the syn-W-methyl ether. 

If the addition takes place at the oxygen-nitrogen double bond 
the O-methy] ethers will be obtained : 

R:C-H R:C-H _— R-C-H 
a N:0 NaNI-OMe N-OMe « 

If both these actions can take place on treating the sodium salt 
of the syn-oxime with methyl iodide, it is to be expected that the 
addition will take place in such a way as to yield the most stable 
product, that is, the anti-N-methyl ether, although a little of the 
less stable syn-O-methyi ether will be obtained. On the other hand, 
the sodium salt of the anti-oxime will give mainly the stable anti-O- 
VOL, CV. 6x 
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methyl ether and very little of the syn-N-methyl ether. This is what 
is found actually to be the case, with the exception that the V-ethers 
obtained are identical, but this may be explained by the extreme 
instability of the syn-ethers, the additive compound formed by the 
addition of the methyl group and iodine at the double bond between 
carbon and nitrogen undergoing intramolecular change leading to 
the formation of the anti-N-ether. 

It is possible that the silver salts of the oximes which, with methyl 
iodide, give O-ethers unmixed with N-ether may have the normal 
structure, although a constitution similar to that of the sodium salts 
still affords an explanation of their action. Here the addition takes 
place solely at the nitrogen—oxygen double bond to ensure the more 
easy elimination of silver iodide. 

If this explanation is to be accepted, however, it must be noted 
that the sodium iodide additive compound of V-methylbenzaldoxime 
has a different structure from that assigned to it in the earlier 
portion of this paper ; it is, however, possible that the sodium iodide 
additive compound isolated in the preparation of the W-ethers, or by 
evaporating a solution of the V-ether with sodium iodide, is not the 
primary product of the action of methyl iodide on the sodium salt 
of the syn-oxime, but a secondary product formed from the N-ether 
and the sodium iodide produced by the reaction. 

The view that the sodium salts of the oximes can exist in a tauto- 
meric form with the alkali metal attached directly to nitrogen in 
preference to oxygen is not without analogy, for there is little doubt 
that the alkali cyanates should be represented as isocyanates, 
NaN:°:C°O, rather than by the cyanate structure NaO-C:N. 

The formation of the V-methyl ethers of the aromatic aldoximes 
from the aldehyde and §-methylhydroxylamine (Beckmann, Joc. cit.) 
can be explained if that compound is regarded as acting in its 
tautomeric form, NH,(CH;):O, of which the amine oxides are 


derivatives: 
— + NWHyoH):o > fH 


Similarly, the ready hydrolysis of the V-ethers may be interpreted 


thus: 
R-CH R°C-H ° 
cH, -N:0 + HO —> ui + NH,(Cd,):0. 

It was thought possible that a study of the absorption spectra of 
these compounds would throw some light on the question, and the 
author has accordingly photographed the absorption spectra of 
benzanti- and benzsyn-aldoxime and the corresponding sodium salts, 
the O-methyl ether of benzantialdoxime and the W-methyl ether of 
benzaldoxime, the two pnitrobenzaldoximes and their sodium salts 


a 
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and O-methyl ethers, and the N-methyl ether of p-nitrobenzald- 
oxime. The chief reason for choosing p-nitrobenzaldoxime as a sub- 
stituted benzaldoxime was that the author had a small quantity 
of the syn-O-methyl ether of this compound of undoubted purity 
(compare Brady and Dunn, T., 1913, 103, 1625), whereas it is 
questionable whether most of the other syn-O-methyl ethers 
described in the literature are pure, owing to the difficulty of pre- 
paring these compounds in large quantities and freeing them from 
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the anti-isomeride. The syn-O-methyl ether of benzaldoxime has 
not been described, although the characteristic fruity odour observed 
on treating the sodium salt of benzsynaldoxime with methyl iodide 
is probably due to the formation of this compound in addition to 
the N-methyl ether (Goldschmidt and Kjellin, doc. cit.). 

After taking the photographs it was found that Hantzsch (Ber., 
1910, 43, 1661) had already published the absorption spectra of 
the two pnitrobenzaldoximes and their sodium salts in a paper 
under the title of ‘‘Homochromoisomerism.” He did not, however, 
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of homochromoisomerism and have no bearing on the question in 
hand. 

The curves obtained by the present author independently are 
practically identical with those of Hantzsch, although the sodium 
salts show a rather deeper band. It was found necessary to take 
the sodium salts in a V/10-solution of sodium ethoxide and to dilute 
the solution with V /10-sodium ethoxide, as, if pure alcohol was used 
for dilution, the amount of the absorption was increased. Whilst 
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at greater concentrations the absorption of the oximes is identical, 
with more dilute solutions there is quite a marked difference, the 
usual rule being followed that the anti is more absorptive than the 
syn-isomeride, as is the case with the general absorption exhibited 
by maleic and fumaric acids. 

The sodium salts in dilute solution behave similarly, although in 
more concentrated solution a reversal takes place, and the 
syn-isomeride is more absorptive than the anti. The curves for the 
sodium salts show a very marked shift in the position of the band 


consider the ethers, and his conclusions were relative to his theory 


Re hr 5 53 
MOF gD oe ec Sei Ca 


RN i cai chee i Dh iow oe 


A 


BRADY: THE ISOMERISM OF THE OXIMES. PART Iv. 21138 


towards the red end of the spectrum, and, whilst the solutions of 
the oximes are colourless, those of the sodium salts are bright yellow. 
The curves obtained from the three methyl ethers are shown in 
Fig. 2. 

Those of the two O-methyl ethers are practically coincident with 
those of the corresponding oximes; on the other hand, the curve for 
the N-methyl ether shows a shift towards the red end of the spec- 
trum, although not so great as in the case of the sodium salts. A 
similar result is to be cbserved in the case of the O-methyl ether 
and V-methyl ether of benzaldoxime. Here, however, the effect is 
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much more marked, and, whilst the O-methyl ether exhibits only 
general absorption, the NV-ether shows a deep band. The effect of 
conjugated double bonds in producing colour or increased absorption 
has long been known, and, whilst it is necessary to observe caution 
in interpreting spectroscopic results when applied to organic com- 
pounds, it seems reasonable to suppose that the spectroscopic 
evidence is in favour of the structure R*CH:N(CH;):O for the 
N-methyl ethers of the aromatic aldoximes rather than against it 
(compare Crymble, Stewart, Wright, and Glendinning, T., 1911, 99, 
451), 

The evidence is also in favour of a structure for the two oximes 
similar to that of the O-methyl cthers, that is, the structure assigned 
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to these compounds by Hantzsch; moreover, the absorption spectra 
of the oximes resemble those of cis-trans-isomerides. 

The character of the absorption spectra of the nitrobenzaldoximes 
and their sodium salts raises the vexed question of the relation 
between constitution and colour. Baly, Tuck, and Marsden (T., 
1910, 97, 571) have discarded the quinonoid structure proposed by 
Hantzsch for the sodium salts of the nitrophenols, etc., but this 
theory still finds many supporters. Now both the syn- and anti- 
forms of pnitrobenzaldoxime are practically colourless, whilst their 
sodium salts are bright yellow. If, as Hantzsch supposes, in the case 
of the nitrophenols the sodium salt exists in the aci-form, the 
sodium salt of pnitrobenzaldoxime can be written structurally only 
in the following ways: 


NO,Na NO,Na NO,Na 
{| I ll 
fs / * 4 ‘ 
| 
\Z “/ \/ 
rt fi 7~ 
HO:N O:NH O:N 
(I.) (II.) (III.) 


Formula I is very improbable as it is impossible to obtain a 
disodium salt such as this demands; moreover, the sodium salt of 
m-nitroacetophenoneoxime, NO,°C,;H,;CMe:NOH, is also yellow, 
whilst the parent eubstance is, when pure, colourless. It is to be 
supposed that the change in this compound on salt-formation would 
resemble that of the nitrobenzaldoximes, and here there is no 
opportunity for such a structure as I above. The same reason 
disposes of formula II. There remains formula III, to which there 
are also very serious objections: first, the formation of a coloured 
N-methyl ether from the sodium salt of the syn-oxime, in which the 
methyl group is undoubtedly attached to the oximino-nitrogen atom, 
and secondly, if such a structure is assigned to both syn- and anti- 
oxime sodium salts: 


there is free rotation of the nitrogen atom, and these two compounds 
would be identical. It would, therefore, be expected that, on 
acidifying a solution of the sodium salts of either oxime, either the 


i 
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stable anti-oxime would be obtained or an equilibrium mixture of 
the syn- and anti-oximes. It is well known that on acidifying a 
solution of the sodium salt of p-nitrobenzanti-aldoxime the anti- 
oxime is obtained in a pure state, and the author has found that 
on acidifying a solution of the sodium salt of pnitrobenzsynald- 
oxime practically pure syn-oxime is recovered, even if the alkaline 
solution has remained for an hour. In addition, the preparation 
of the isomeric O-methy] ethers of p-nitrobenzsyn- and antz-aldoxime 
from the silver salts obtained from the corresponding sodium salts 
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shows that the isomerism persists even in the sodium salts. It is, 
therefore, evident that the sodium salts of the nitro-oximes do not 
exist in the aci-form. On the other hand, it is not possible to show 
that there is no change in structure on salt-formation, and it is 
quite possible that the sodium salts exist in the forms: 
R-C-H R-C-H 
NaN:O O:NNa’ 
Hartley and Dobbie (T., 1900, 77, 509) have stated that the 
absorption spectra of the two benzaldoximes are identical, and, as 


and 
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this was not in agreement with the results for the p-nitrobenz- 
aldoximes, this work has been repeated. It has been found that 
the anti- is slightly more absorptive than the syn-isomeride, the 
benzaldoximes thus forming no exception to the general rule. 

In a private communication to the author Dr. Dobbie states that 
this was observed by himself and the late Prof. Hartley, but, as 
the difference did not amount to more than a few units, it was 
not considered at the time of sufficient importance for special 
attention to be called to it. 

There is some difficulty in deciding whether a band exists in the 
absorption spectra of the benzaldoximes, as Drs. Dobbie and Fox 
(private communication) by taking a large number of thicknesses 
between 30 and 15 mm. of V/10,000-solution have confirmed the 
presence of a shallow but decided band in the position originally 
found by Hartley and Dobbie. The author, however, has taken 
several photographs of this substance without detecting this band. 
The benzantialdoxime used by the author was prepared in the 
usual way, and after pressing on several porous plates to remove 
oily matter it was recrystallised from benzene and light petroleum.* 
The syn-oxime was recrystallised from warm benzene, was without 


odour and melted sharply at 132°. The sodium salts of these com- 
pounds exhibit a decided shift towards the red end of the spectrum 
and show a shallow band. The oximes and their sodium salts show 
in this respect an analogy to the O- and N-methyl ethers of benz- 
aldoxime. 


In conclusion, the author wishes to express his indebtedness to Dr. 
Crymble for taking the photographs of the p-nitrobenzaldoximes and 
their ethers, and to Miss R. M. Johnson for assistance in taking the 
other photographs. 


RovaL CoLueceE oF SCIENCE, 
THE IMPERIAL CoLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. 


* The failure of the present author to obtain a band does not seem to be due to a 
defect in the instrument or to impurity in the oxime. The same solution as was 
used to photograph the absorption spectrum of the oxime was employed, with the 
addition of a few drops of sodium ethoxide solution, to photograph that ot the sodium 
salt ; in the latter case the band is plainly marked, whereas, if the increased absorp- 
tion was due to the spectroscope being at fault, or to an impurity being present, it 
would hardly be expected that light previously cut off by either of these causes 
would now be transmitted. 
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CXCVIL.—The Velocities of Combination of Sodium 
Derwatives of Phenols with Olefine Oxides. 


By Davip Runciman Boyp and Ernest Rosert MARLE. 


OBSERVATIONS on the action of epichlorohydrin and of aryl ethers 
of glycide on alkaline solutions of phenols (Lindeman, Ber., 1891, 
24, 2147; Boyd and Marle, T., 1910, 97, 1788) have shown that 
the olefine oxide group reacts readily with sodium phenoxides to 
produce phenolic ethers: 

CHR:-CH, + C,H,-ONa = CH R(ON)-CH,°0°C,H, ; 


No% 


and the reaction appeared to us to be one that might with advan- 
tage be studied quantitatively with the object of ascertaining how 
the speed of combination varies with (i) the constitution of the 
phenol, and (ii) that of the olefine oxide. 

The olefine oxides which we have chosen for investigation are 
ethylene and propylene oxides. 

It was observed by Roithner (Monatsh., 1894, 15, 674) that the 
former combines with phenol when heated with it for some hours 
at 150°. The reaction, however, proceeds much more rapidly in 
the presence of an alkali, and can, we find, be conveniently carried 
out in alcoholic solution at temperatures between 50° and 100°. 


Method of Experiment. 


The following is a brief account of the method which we adopted 
for carrying out our experiments. Further details will be found in 
the experimental portion of the paper. 

A standard solution of each phenol in 98 per cent. ethyl alcohol 
was prepared, and a suitable quantity of this was mixed with 
sodium ethoxide solution and ethyl alcohol in the proportions 
necessary to produce a liquid normal as regards the amount of 
phenol and twentieth normal as regards the sodium present. The 
ethylene or propylene oxide was weighed in a sealed bulb, the 
amount taken varying in most cases between 0°1 and 0°5 gram. 
The bulb was placed in a glass tube along with an equivalent 
quantity of the alkaline phenol solution, and the tube was then 
sealed at the blowpipe, care being taken to prevent the introduc- 
tion of any carbon dioxide during the process. In the majority of 
the experiments the reaction tube was of such a length that the 
Space unoccupied by the reaction liquid was about one and a-half 
times or twice the volume of the liquid; but it was found that 
an increase of the air space up to at least three times the volume 


a 
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of the liquid present had no important influence on the speed of 
the reaction. After the bulb containing the olefine oxide had 
been broken, the reaction tube was placed in a thermostat at 70°4° 
and heated for one hour or longer. It was then quickly cooled 
and opened, and the contents were transferred to a separating 
funnel. Ether was added (or in some cases light petroleum), and 
the ethereal solution was shaken repeatedly with a dilute solution 
of potassium hydroxide, until the alkaline washings were found 
to be free from phenol. The series of alkaline liquors was then 
shaken two or three times with fresh quantities of ether. The 
combined ethereal solutions were dried over potassium carbonate, 
and the ether distilled off from a tared flask.. The resultant glycol 
aryl ether was dried for some hours in a vacuum desiccator over 
sulphuric acid, and then weighed. 

Preliminary experiments in which the olefine oxides were heated 
with WV /20-sodium ethoxide solution in the absence of any phenol, 
and the process otherwise carried out as above indicated, resulted 
in no weighable quantity of product being obtained on evapora- 
tion of the ether. 

Theory of the Reaction. 


Ethylene oxide, as already stated, can combine with phenols in 
the absence of alkali, but at 70°4° the temperature employed in 
our experiments, the speed of combination in the case of the less 
acidic phenols is small in comparison with the speed with which 
the oxide unites with the sodium phenoxide. This is shown by the 
following figures obtained in the case of pcresol : 


Percentage of ethylene 
oxide converted into 
glycol p-tolyl ether in 


Reaction solution. 2 hours at 70-4°. 
DU PMEEIN, slocddasccsuccusaseasoedotesexass 1-0 
(ii) N-p-Cresol, N/20-Nar ........cccccesseeeee 72-5 


The yield of glycol p-tolyl ether obtained in the second case is 
thus due almost entirely to the sodium p-tolyloxide; and since the 
concentration of the sodium tolyloxide must remain constant so 
long as a considerable excess of p-cresol is present, it follows that 
the rate of formation of glycol ptolyl ether during the greater 
part of the reaction-time must be approximately in accordance 
with the formula for a unimolecular reaction. The following 


figures illustrate this: 
Yield of glycol 


p-tolyl ether. ac i 100 
Reaction solution, Time of heating. Per cent. ee & i00—z 
N-p-Cresol \ ° -276 
wiONa jor" 1 hour 47-0 0:27 


2 hours 71-8 0-275 
2 73-2 0-286 
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In the case of propylene oxide no weighable quantity of the 
propylene glycol ether was obtained when propylene oxide was 
heated with W-p-cresol in the absence of alkali for two hours. 

In the case of the more acidic phenols the effect of the presence 
of the free phenol is more important, as the following figures for 
ethylene oxide and 2:4:6-trichlorophenol show: 

Yield of glycol 


trichloropheny] 
ether. _ 1 7” 100 
Reaction solution. Time of heating. Per cent. or 8 100—z. 
(i) N-Trichlorophenol ... 2 hours 2-0 — 
(ii) N-Trichlorophenol f . 
N/20.Ne- & s 29-4 0-075 
— 48-1 0-071 
4 o 51-2 0-078 
Mean 0:°075 


In this case the velocity-constant calculated for the sodium salt 
is too high. The corrected constant for sodium trichlorophenoxide, 
taking into account the effect of the free trichlorophenol, would be 
approximately 0°071. As this correction, however, does not affect 
the main results of the investigation, the uncorrected results only 
are given in the table on p. 2123. 

Another factor which affects the values of the observed velocity- 
constants is the action of the olefine oxide on the alcohol used as a 
solvent. It is probable that olefine oxides react slowly with ethyl 
alcohol, and more rapidly with sodium ethoxide, to form glycol 
ethyl ethers: 


b>? + C,H,-OH = CH,(0H)-CH,*0-C,H,. 


Owing, however, to the solubility in water of the products of this 
reaction in the case of ethylene or propylene oxide, the occurrence 
of this subsidiary reaction does not prevent the approximate esti- 
mation of the yield of glycol aryl ether by the method we have 
adopted. It has the effect, however, of slightly diminishing the 
values of the velocity-constants obtained for the sodium phenoxides. 
The magnitude of the effect so produced can be estimated from 
a consideration of the speed of combination of the olefine oxide 
and alcohol, and this can be determined approximately by measur- 
ing the maximum yields of glycol aryl ethers obtained in the case 
of the more acidic phenols, when the solutions remain neutral 
throughout the whole experiment. 

The following data refer to ethylene oxide: 

Yield in 2 hours. Maximum yield. 


* Reaction solution. Per cent. Per cent. 
-p-Nitrophenol x, ~ 
N/20-Na‘ \ 5-6 74 


jo 
N-m-Nitrophenol : 
N/20-Ne J... 13-4 87 
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Since a large excess of alcohol is present during the whole : 
experiment, the reaction between the alcohol and the ethylene oxide ; 
may be regarded as a unimolecular one, and hence the ratio of the 
speeds of the two concurrent reactions, combination with alcohol, 
and combination with the sodium derivative of p-nitrophenol, may 
be taken as 26/74. Consequently, in the case of the pnitrophenol 
solution we obtain for the percentage of ethylene oxide lost in two 
hours by combination with alcohol, 26/74 x 5°6=2 approximately. 4 
The figures in the case of m-aitwophenol give a similar result. ‘ 
Hence in the case of phenols sufficiently reactive for the experi- 
ments to be completed in two or four hours it has not been thought 
necessary to make any correction for this factor. 

The yield of glycol aryl ether in two or four hours with some 
phenols, however, is so small that experiments were made involving 
longer periods. 

In such cases the correction becomes important, as is shown by 
the following figures : 


Yield. 
Time in hours. Percent. &k uncorrected. k& corrected. 
N-o-Nitrophenol, N/20-Na’, and ethylene oxide. 
2 3-3 0-0073 0-00736 
46 47-5 0-0061 0-00740 
N-p-Hydroxybenzonitrile, N/20-Na’, and propylene oxide. 
2 6-69 0-0150 0-0152 
11 29-6 0-0138 0-0144 
N-Salicylonitrile, N/20-Na’, and propylene oxide. 
2 8-49 0-0193 0-0195 ; 
15 45-0 0-0173 0-0192 ) 
The formula used for correction of the velocity-constant is as 
follows: : 
% ig 
rete. ae We 
~ 100 |¢ °F) a ,’ 
1- Yy 


* Let X =velocity-constant of formation of aryl ether. 


eS oii = ee ethyl ether. 
»» % =percentage of ethylene oxide transforméd into aryl ether in ¢ hours. 
” 2 = ” ” ” ethyl ” ” 
», VY =maximum percentage yield of aryl ether. 
Then x+2!=total percentage of ethylene oxide transformed in ¢ hours. 
Hence = om 100 — 
K+ K'=% log y00-(@+aly 
x i 100z 
es . . Beep compen 
But ai 100" - et+e=—P. 


, K+ K'=1 log 100 
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e where X is the corrected velocity-constant for the reaction between 
i the olefine oxide and the sodium phenoxide, z is the percentage 
: yield in ¢ hours, and Y is the maximum yield per cent. 

This formula is based on the assumption that the reactions 
between the olefine oxide and the alcohol and sodium phenoxide 
respectively may both be regarded as unimolecular. 

With regard to the mechanism of the reaction between the olefine 
oxide and the sodium phenoxide, three possibilities present them- 
; selves, 

The reaction may occur (i) between the oxide molecule and the 
undissociated sodium phenoxide, or (ii) between the oxide molecule 
and the sodium and phenoxy-ions, or (iii) it may consist in the 
combination of the oxide molecule with the phenoxy-ion only, a new 
ion being formed. This would then react with the excess of phenol 
to give the undissociated glycol ether: 


, CH,*0°C,H, 
(i) gto + aH ONa= bi" one 
_CH,-0-C,H, 
(ii) BHO + CoH °0'+ Na’ éu, .ONa 
’ 
ss oa | (CH,:0-C,H,)’ 
(iii) B70 + CoH ‘0’ = en 0 f 


As far as our experiments admit of a conclusion being drawn 

with regard to this question, it would appear that the third 
hypothesis is the most probable one. This is shown by the follow- 
ing considerations. 
j The effect on the velocity of reaction produced by an alteration 
in the concentration of the sodium phenoxide must evidently be 
different in the three cases. If, for example, the concentration of 
the sodium phenoxide were reduced from V/20 to WV/40, then, 
owing to the increase in the degree of dissociation resulting from 
the dilution, the active mass of undissociated sodium phenoxide 
would be reduced to less than one-half of its previous value; hence, 
assuming equation (i) to represent the mechanism of the reaction, 
a diminution of the speed of the reaction to less than one-half of 
its previous value must follow. 


1 1 
ak 
And K Y : Fs ah 
Ki Ki= 00° ae K=Jo9(A + K}). 


ys} 1 
, R=T00\ log om 
t.*) 
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In the case represented by equation (ii), halving the concentra- 
tion of the sodium phenoxide would result in a reduction of the 
speed of the reaction to one-quarter of its former value, supposing 
the degree of dissociation were unaltered. The increase in the 
degree of dissociation which accompanies the dilution would prevent 
the reduction in speed being quite so great, but the total result 
must be again a diminution in speed to less than one-half. On the 
other hand, in the case represented by equation (iii) a diminution 
in the concentration of the sodium phenoxide from W/20 to V/40 
would result in a diminution in the speed of the reaction to a 
value greater than one-half the original one, for the increase in the 
degree of dissociation will counterbalance, to some extent, the 
diminution in concentration of the phenolic salt. 

Experiments with p-cresol and ethylene oxide gave the following 
results : 


Yield. 
Reaction solution. Time. Per cent. k. Mean k. 
(i) N-p-Cresol “ m 
N/20-Na’ g- 1 hour 47 -0 0-276 
2 hours 71-8 0-275 0-279 
as 73-2 0-286 
(ii) N-p-Cresol |} P 
N/40-Na’ jes S a 48-9 0-146 
: a 52-5 0-162 0-157 
4 77-6 0-163 


These facts are in harmony with the view of the reaction repre 
sented by equation (iii). 


Summary of Results. 


The following table contains the results of experiments carried 
out at 70°4° with NW-phenol, V/20-Na’ alcoholic solutions. The 
velocity-constants given are mean values calculated on the results 
of at least two experiments of different periods of duration. The 
experimental error varies somewhat with different phenols, but the 
figures already quoted for p-cresol, 2:4 :6-trichlorophenol, o-nitro- 
phenol, p-hydroxybenzonitrile, and salicylonitrile may be taken as 
typical of the results obtained generally. 

In a number of cases two or more experiments of the same period 
of duration were carried out, and in the column headed “ Yield 
in two hours” the limits obtained in separate experiments of two 
hours’ duration are given, the number of experiments carried out 
being indicated by the figure in brackets. 


j 
: 
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Ethylene oxide. Propylene oxide. 
a 3 | gi 3 8" 
fe 2g tf 4g 
= wey a ins is 7 a ar int 8 
a a ag = 
4 of #88 8 fs 58 Bf 
} vey ts oe, Se “a 8 "8. ae 
g -) bs a 8 las Bo 38 rm Ilse 
$ Ug ci qm ] Cle 4 u 
A A val =) 2 a = ne 
1. y-Cumenol ... 78-9 94-2 0-338 44-8 89-6 0-125 
2. Thymol ...... 74-9 90-7 0-311 39-9—38-5 (3) 90-6 0-107 
3. m-Dimethy]l- 
aminophenol * * * 38-9 92-6 0-105 
4. p-Cresol ...... 73-2—71-8 (2) 97-0 0-279 38-5—36-3 (3) 92-5 0-101 
5. Carvacrol ... 68-8 92-9 0-257 38-8 89-8 0-101 
6. m-Cresol ...... 69-8—68-1 (2) 98-0 0-256 32-1—31-:8 90-9 0-083 
7. p-Xylenol ... 67-8 91-9 0-244 t 88-9 0-092 
8. Eugenol ...... 65-6—62-8 (2) 96-0 0-226 32-0 95-8 0-080 
9. o-Cresol ...... 64-5—64-1 (2) 94-5 0-225 30-8—28-9 (2) 94-1 0-078 
10. Phenol......... 60-8—60-3 (2) 96-7 0-205 30-1—28-5 (3) 92-7 0-075 
11. a-Naphthol . 54-9 97-5 0-173 30-9 97-9 0-083 
12. Guaiacol ... 53-7 99-3 0-171 26-2 91-6 0-064 
13. 8-Naphthol . 48-7—48-3 (2) 95-1 0-144 22-5—21°1 94-2 0-053 
14. p-Chloro- 
phenol 40-6—38.3 (2) 95-5 0-108 17-7—16-8 92-9 0-042 


15. o-Chloro- 
phenol 39:0—38°6 (2) 95:9 
16. m-Chloro- 
phenol 37-5—36-8 (2) 95-7 
17. 2: 4: 6-Tri- 
bromophenol 38-6—37-6 (3) 93-9 
18, 2:4: 6-Tri- 


chlorophenol 29-4 92-7 
19. p-Benzene- 

azophenol 20-9 90-7 

20. m-Hydroxy- 
benzonitrile 19-1 90-5 
21. Salicylonitrile 14-3 81-9 
22. m-Nitrophenol 13-4 87-2 

23. p-Hydroxy- 
benzonitrile 11-1 81-6 
24. p-Nitrophenol 5-6 73-6 
25. o-Nitrophenol 3-3 71-1 


0°104 21:0—19-7 (2) 96-1 0-050 


0-101 17-9 92-0 0-043 
0-099 26-9—25-8 (3) 90°8 0-065 
0-075 19-4—18-8 (3) 92-2 0-045 
0-050 10-2 86-0 0-023 
0-044 9-99 86-8 0-0224 
0-033 8-49 79-5 0-0193 
0-032 6-73 85-0 0-0152 
0-026 6-69 81-4 0-0150 
0-013 3-2—3-14(2) 71-6 0-0075 
0-0073 2-38 73-4 0-0035 


* Owing to the solubility in water of glycol m-dimethylamiuophenyl ether it 
was not found possible to estimate the yield in the case of ethy!ene oxide. 

T The velocity-constant was calculated from experiments of one, three, and four 
hours’ duration. The percentage yield in three hours was 470. 


Below are given the results of a few experiments carried out 
with W-phenol solutions and ethylene oxide in the absence of 


alkali : 


2:4:6-Tribromophenol ......... 
2:4:6-Trichlorophenol ......... 
p-Nitrophenol  ..........scecescecees 
o-Nitrophenol 


in hours. Per cent. 


Time,. Yield. ka! x 


~ ¢100(100—z): 


24 7-14 32 x 10-® 
2 1-01 51 
2 2-7 139 
2 2-0 102 
2 0-43 22 
2 0-14 7 
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Conclusions. 


Directing attention in the first place to the results obtained in 
the case of ethylene oxide, the following conclusions may be drawn: 
(1) The reactivity of the sodium phenoxide is enhanced by the 
presence of positive groups, for example, -CH;, *C,H,, 
-CH,°CH:CH,, 
and diminished by the presence of negative groups, for example, 
‘OMe, -CH:CH’CH:CH-, -Cl, -Br, C,H;"N°N>, -CN,.-NO,. 

(2) Broadly speaking, it may be said that the speed of the 
reaction between ethylene oxide and the sodium phenoxide dimin- 
ishes with increase in the acidity of the phenol. Exact data with 
regard to the relative acidities of the majority of phenols are, 
unfortunately, not available. 

The following figures, however, bring out the general correctness 
of the foregoing statement : 


Hydrolysis of sodium salt 
at 25° V,. (Hantzsch Velocity-constant of com- 
and Farmer).* bination of sodium salt and 
Phenol. Per cent. ethylene oxide at 70-4°. 


Phenol . 0-205 
p-Chlorophenol 2- 0-108 


o-Chlorophenol 0-104 

p-Hydroxybenzonitrile ... 0-5: 0-026 

2:4:6-Trichlorophenol “i 0-075 

p-Benzeneazophenol “3: 0-05 

p-Nitrophenol . 0-012 

* Ber., 1899, 32, 3066, 3089. 

Of the seven phenols mentioned in the above list, five show a 
remarkably close agreement as regards the reactivity of the sodium 
salt towards ethylene oxide on the one hand and its tendency 
towards hydrolysis in aqueous solution on the other. The two 
_ exceptions are p-benzeneazophenol and 2:4:6-trichlorophenol. 
With regard to the former it is to be noticed that, as Hantzsch and 
Farmer point out, the method employed by them to determine the 
percentage of hydrolysis of the sodium salt, namely, hydrolysis of 
methyl acetate, is unsatisfactory in the case of this particular 
phenol, owing to its insolubility in water. A subsequent determina- 
tion of the percentage of hydrolysis of the barium salt by Farmer 
by a different method (T., 1901, 79, 864) gave 0°90 at Vz. and 25°, 
a result which agrees well with the value found for the reactivity 
of the sodium salt towards ethylene oxide. 2:4:6-Trichlorophenol, 
on the other hand, stands out as a remarkable exception to the 
rule, the reactivity of its sodium salt towards ethylene oxide being 
five or six times as great as would be expected from the extent of 
its hydrolysis in aqueous solution. 

This relationship between the speed of reaction of ethylene oxide 
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with the sodium derivative of a phenol and the acidity of the 
phenol finds a plausible explanation in the view already expressed 
that the process consists essentially in a combination of the olefine 
oxide with the phenoxy-ion: 


H CH,-0-C,H,)’ 
“YY — ] 2 6™"5 
i sii is i. } 


Pronounced acidity on the part of a phenol implies a compara- 
tively small tendency on the part of the phenoxy-ion to form an 
additive compound with a hydrogen ion; that is to say, it implies 
a considerable capacity on the part of the phenoxy-ion for stable 
independent existence in a suitable solvent. The p-cyanophenoxy- 
ion, to take one example, must be essentially a more stable grouping 
than the simple unsubstituted phenoxy-ion; and it seems not 
unreasonable to suppose that this stability would be exhibited, not 
only in relation to the hydrogen ion, but also in respect to other 
possible additive reactions, for instance, combination with an 
ethylene oxide molecule. In any case the facts appear to indicate 
that a certain analogy does exist between the two reactions: 


C,H,°0' + H’ =C,H,-OH 
and 


1 
C,H,*0' + pe = 0,H,-OCH,°CH,;0’. 
2 


(3) The reactivity of the sodium phenoxide depends on the 
positions of the substituent groups or atoms, as well as on their 
chemical nature; thus, thymol is considerably more reactive than 
the isomeric carvacrol, pcresol than o-cresol. It is not possible, 
however, in the case of mono-substituted phenols to recognise any 
general rule connecting the position of a substituent and the 
magnitude of its effect on the reactivity of the sodium salt. In the 
four different o-, m-, and pseries which we have investigated, the 
order of reactivity is different in each case: 

Hydroxy- 
Chloro- benzo- Nitro- 

Cresols. k. phenols. k. nitriles. k. phenols. k. 
p- 0-28 p- 0-108 m- 0-044 m- - 0-032 
m- 0-26 o- 0-104 o- 0-033 p- 0-012 
o- 0-23 m- 0-101 p- 0-026 o- 0-0073 
(4) The velocity-constants of 2:4:6-trichloro- and 2:4:6-tri- 

bromo-phenol give no indication of steric hindrance in the case of 

these phenols. 

It would even appear from a consideration of the abnormal 
reactivity of sodium trichlorophenoxide already referred to, that 
two ortho-placed substituents, instead of hindering the combination 

VOL, CV. 6 Y 
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of the phenoxy-ion with the ethylene oxide molecule, actually favour 
it in some special way. 

Turning now to the data in the case of propylene oxide, the 
following additional points may be noted: 

(5) The speed of reaction between a sodium phenoxide and 
propylene oxide is always much lower than the speed of reaction 
between the same sodium phenoxide and ethylene oxide. In the 
case of phenol we have: 


Velocity constant for ethylene oxide _ 0-075 — 0:37 
Velocity constant for propylene oxide 0:205 ; 


and the ratio has approximately the same value for the majority 
of the less acidic phenols. . 

In the case of the more acidic phenols it has a higher value; for 
p-nitrophenol 0°58, for m-hydroxybenzonitrile 0°51. The highest 
value, 0°66, is reached in the case of 2:4: 6-tribromophenol. 

(6) The phenols stand, as regards the reactivity of their sodium 
salts, in almost the same order in the case of propylene oxide as in 
the case of ethylene oxide. The most notable exceptions are the 
trichloro- and tribromo-phenols, a-naphthol and o-chlorophenol. 
These four phenols, two of which are ortho-substituted and the 
other two diortho-substituted, are much more reactive towards 
propylene oxide than would be expected from a consideration of 
the results obtained for the same phenols in the case of ethylene 
oxide. This is the more remarkable since in the case of ortho 
and more especially in that of diortho-substituted phenols one 
might have anticipated a special retardation of the velocity as the 
result of the steric influence of the methyl group. Experiment 
shows, however, that precisely the opposite is the case. Instead of 
the reaction of the propylene oxide being retarded relatively to that 
of the ethylene oxide by the presence in a phenol of two ortho- 
substituents, it appears actually to be accelerated by the presence 
of these substituents. 

(7) Very striking evidence in favour of the view that two 
ortho-placed substituents exert an accelerating influence on the 
reaction between olefine oxides and sodium phenoxides is found in 
the propylene oxide data for p-chlorophenol and 2:4: 6-trichloro- 
phenol. In spite of the much greater acidity of the trichlorophenol, 
its velocity-constant is as great as, if not greater than, that of 
p-chlorophenol. 

(8) With regard to the results of the experiments in which 
ethylene oxide was heated with free phenols, it may be remarked 
that they show a qualitative agreement with the view that the 
formation of the glycol aryl ether depends on the combination of 
the ethylene oxide molecule with the phenoxy-ion. Thus, although, 
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as shown by the experiments with sodium phenoxides, the 
p-tolyloxy-ion is much more reactive than the trichlorophenoxy- 
ion, nevertheless, owing to the concentration of ions being much 
greater in the solution of free trichlorophenol than in that of 
p-cresol, the actual speed of formation of glycol aryl ether in the 
absence of alkali is greater in the case of trichlorophenol than in 
that of p-cresol. 

The velocity-constants of the free o- and pnitrophenols also 
approach that of free p-cresol much more nearly than the constante 
for the sodium derivatives of the nitrophenols do that of sodium 
p-tolyloxide, as would be expected from the fact that the disso- 
ciation constants of the nitrophenols are greater than that of 
p-cresol. 

(9) The experiments with benzeneazophenol show that the 
product obtained by the action of ethylene oxide on the sodium salt 
of this phenol is the same substance as is produced by the action 
of ethylene oxide on the free azophenol. This observation gives 
support to the view that the free azo-compound is present in aqueous 
alcoholic solution mainly, if not entirely, as a hydroxy-compound, 
and not to any considerable extent in the form of a quinone 
hydrazone. 


Comparison of Results with those of Previous Investigations. 


Several investigations have in recent years been carried out with 
the object of determining the influence of substituents on the 
reactivities of phenols. 

Schryver (T., 1899, 75, 661) investigated the behaviour of the 
sodium salts of a number of phenols towards the anhydride of 
camphoric acid, and found that in the majority of cases reaction 
takes place readily between the solid sodium salt and the camphoric 
anhydride dissolved in xylene, in accordance with the equation : 

XONa+R<G0>0=R Cox 

Two classes of substituted phenols proved, however, to be incap- 
able of reacting with camphoric anhydride under the conditions 
employed by Schryver, namely, o- and p-nitrophenols and di-o- 
bromophenols. 

Although the sodium salt of m-nitrophenol reacts with a xylene 
solution of camphoric anhydride fairly readily at water-bath tem- 
perature, no reaction could be brought about between camphoric 
anhydride and the sodium salts of o- and p-nitrophenols, even on 
prolonged heating at 180°. Again, although reaction occurred 
readily between the xylene solution of camphoric anhydride and 
the sodium salts of 4-bromo- and 2:4-dibromo-phenol, no reaction 


er2 
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could be brought about between the camphoric anhydride solution 
and the sodium salts of 2:6-dibromo- and 2:4: 6-tribromo-phenol 
even when the mixtures were heated in sealed tubes at 150—180°. 
These results of Schryver with regard to o- and p-nitrophenols 
and the diortho-substituted phenols offer a remarkable contrast to 
our observations, a fact which is the more interesting since the two 
reactions appear at first sight to be distinctly similar in character: 


X-ONa+ Roo O=R Corx 
x: ONa+ Uat>O= a" iar 


It is to be noted, however, that whilst our experiments were 
carried out in alcoholic solution with the result that the reaction 
probably took place mainly, if not exclusively, between the phenoxy- 
ion and the olefine oxide molecule, in Schryver’s experiments a 
solution of camphoric anhydride in xylene was allowed to act on 
the solid sodium salt of the phenol, and the reaction was probably 
limited almost entirely to the undissociated phenolic salt. More- 
over, under the conditions employed by Schryver an important 
factor in determining the speed of reaction must necessarily be 
the solubility of the sodium salt in xylene, and it appears not 
impossible that this factor may have had some influence in produc- 
ing the phenomena observed by him. 

In the somewhat analogous case of the action of aqueous 
hydriodic acid on phenolic ethers it was found by Boyd and Pitman 
(T., 1905, 87, 1255) that 2:4:6-+trichloro- and 2:4:6-tribromo- 
anisole showed an exceptional stability towards this reagent; but 
this stability is due in all probability merely to the insolubility of 
these ethers in the reagent, since it disappears when the hydriodic 
acid is allowed to act on them in a medium in which the ethers are 
soluble. 

This solubility factor, unfortunately, also throws obscurity upon 
the meaning to be attached to the results obtained by Bischoff 
(Ber., 1900, 38, 1249) in an investigation of the action of the 
sodium salts of various phenols on a-bromopropionic, a-bromo- 
butyric, a-bromoisobutyric, and a-bromorsovaleric esters. 

The method of experiment consisted in boiling the sodium salt 
of the phenol with a solution of the bromo-ester in light petroleum 
for one hour, and determining the yield of phenoxy-derivative. 
Some of Bischoff’s results differ to a remarkable extent from ours, 
as is shown by the following figures: 


™ 
| 
x 
x 


SODIUM DERIVATIVES OF PHENOLS WITH OLEFINE OXIDES. 2129 


Yield of propionic ester Yield of ethylene oxide 
derivative in one hour derivative in two hours 
at 65—70°. at 70-4°, 
Phenol. Per cent. Per cent. 
Thymol ......... 98 75 
o-Cresot Iasseonte 95 64 
Phenol ......... 92 61 
p-Cresol ......... 62 72 
p-Xylenol ...... 59 68 
y-Cumeno 44 79 
Guaiacol ...... 40 54 
p-Nitrophenol 0 5-6 


Thus, whereas we find it to be an invariable rule that the intro- 
duction of one or more alkyl groups increases the reactivity of 
phenol, in several of Bischoff’s experiments the reactivity of the 
alkyl-substituted phenol is less than that of phenol itself. Parti- 
cularly striking is the case of y-cumenol, which Bischoff finds to be 
the least reactive of all the alkyl-substituted phenols investigated 
by him, but which we find to be the most reactive. It is, of course, 
the case that the reaction investigated by Bischoff is a double 
decomposition, whilst that studied by us is an additive reaction. 
Even this difference of character, however, would hardly have been 
expected to produce such entirely opposite results. Bischoff’s 
observations on the retarding influence of negative groups, parti- 
cularly nitro-groups, agree with our own. 

Similar observations on the retarding influence of negative 
groups were made by Auwers and Haymann (Ber., 1894, 27, 2795), 
who studied the action of ethyl chloroacetate in alcoholic solution 
on the sodium salts of certain phenols. Auwers and Haymann 
found, for example, that no reaction took place on digesting the 
sodium salts of o- and p-nitrophenol for thirty hours on a water- 
bath with an alcoholic solution of ethyl chloroacetate. The latter 
reaction has been re-investigated recently by Hewitt, Johnson, and 
Pope (T., 1913, 108, 1626). These authors obtained a fair yield 
of ethyl m-nitrophenoxyacetate by the action of ethyl chloroacetate 
in absolute alcoholic solution at water-bath temperature on the 
sodium salt of m-nitrophenol, but they were unable to isolate the 
isomeric ethyl o- and p-nitrophenoxyacetates after treating the 
sodium salts of o- and p-nitrophenol in a similar way. From this 
result they draw the conclusion that in the sodium salts of o- and 
p-nitrophenol the grouping ?C-ONa is wanting. 

Our experiments, however, which show a steady gradation in the 
reactivities of the three nitrophenols, lend no support to the view 
that the sodium salts of o- and p-nitrophenol differ in constitution 
from the sodium salt of m-nitrophenol. The velocity-constants of 
reaction with ethylene oxide for the sodium salts of phenol and the 
three nitrophenols are as follows: 
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Phenol, 0°21; m-nitrophenol, 0°032; p-nitrophenol, 0-012; 
o-nitrophenol, 0°007. 

The introduction of the -NO, group in the meta-position thus 
lowers the reactivity of phenol to about 1/7 of its value; the same 
group in the para-position reduces the reactivity to about 1/17, and 
in the ortho-position to about 1/30. Such differences are not 
greater than might naturally arise from the differences in the 
position of the ‘NO, group in the benzene nucleus. 

Our results, of course, do not preclude the possibility that all 


three nitrophenols give rise to nitronic salts, 0:C,.HN<O ny,» and 


that these react with the olefine oxides to produce nitronic esters 
which are quickly transformed into the more stable phenolic ethers. 


EXPERIMENTAL. 


As regards the method employed for the estimation of the glycol 
aryl ethers, one or two points in addition to those already mentioned 
on p. 2117 may be indicated. 

In order to prevent any possibility of alcohol vapour catching 
fire during the process of sealing the reaction tube and so intro- 
ducing carbon dioxide which would cause the precipitation of 
sodium carbonate, it was found advantageous to displace the air 
in the tube by means of nitrogen. It was found useful also to 
place in the reaction tube a small piece of glass rod, as this 
rendered the breaking of the bulb containing the olefine oxide 
much easier. 

For the removal of the excess of phenol remaining after the 
reaction was over, a roughly normal solution of potassium hydr- 
oxide was employed. 

In the majority of cases it was found necessary to shake seven 
or eight times with potassium hydroxide solution in order to 
remove the phenol completely. In certain cases, namely, those of 
thymol, carvacrol, p-xylenol, and y-cumenol, it was found impossible 
to extract all the free phenol by shaking an ethereal solution with 
aqueous potassium hydroxide. 

The difficulty, however, was overcome by employing light petrol- 
eum (b. p. below 50°) as the solvent for the glycol ary! ether, the 
excess of the phenol being then removed by six or eight shakings 
with aqueous potassium hydroxide. In order to prevent loss of 
glycol aryl ether in the aqueous solution, it was necessary to shake 
the series of alkaline liquors several times with fresh quantities of 
ether, or light petroleum, as the case might be. From 50 to 100 c.c. 
of ether were employed in the first extraction, and three or four 
portions, each of 50 c.c., in extracting the alkaline liquors, whilst 
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about 30 c.c. of aqueous potassium hydroxide were used in each 
washing. In commencing experiments with a new phenol, the 
last portion of ether was always evaporated separately, in order to 
ascertain if the extraction of the glycol aryl ether had been 
approximately complete. The following was found to be a conveni- 
ent test for proving that the excess of phenol had been completely 
removed from the ethereal solution. Two or three c.c. of the last 
washing liquor were boiled to remove dissolved ether, then mixed 
with an equal volume of concentrated nitric acid, and boiled again 
for a few minutes. The liquid after cooling was mixed with excess 
of sodium hydroxide, when the solution acquired a brownish-yellow 
colour if phenol were present. 

The greater part of the solvent used in extraction was evaporated 
in a water-bath, but in order to prevent possible loss of glycol ether 
by vaporisation, the last few c.c. were removed in a current of air. 

Some of the glycol aryl ethers are hygroscopic, and, when oils, 
they were found to retain persistently small quantities of the 
solvent ether. Hence it was sometimes necessary to dry in a 
vacuum desiccator over sulphuric acid for several days before the 
weight became constant. In a few cases it was found that appre 
ciable vaporisation takes place in a vacuum, and a constant loss 
of 1 to 3 milligrams in twenty-four hours was observed. In esti- 
mating the yields in these cases an allowance was made correspond- 
ing with the number of days during which the glycol ether had been 
drying, and the constant loss observed. 

The majority of the aryi ethers obtained from ethylene oxide 
were crystalline substances, and of a high degree of purity, as was 
shown by analysis. The oily ethylene glycol ethers all readily 
gave crystalline p-nitrobenzoates, the purity of which was also 
ascertained by analysis. 

The derivatives of propylene oxide, on the other hand, were, in 
the majority of cases, oils at the ordinary temperature, and in all 
cases appeared to consist of two compounds. The explanation of 
this fact is suggested by the following formule: 


CH,-CH(OH)-CH,-OR and CH,-CH(OR)-CH,-OH. 


The quantities of the propylene glycol ethers prepared were small, 
and in no case enough to effect a complete separation of either 
constituent in sufficient amount to permit of a decision as to which 
of the two isomerides had been separated. In a few cases, however, 
one constituent proved to be so sparingly soluble in light petroleum 
that the other could be obtained in a state of purity by recrystal- 
lisation. 

Usually a mixture of the two isomerides was analysed after one 
or two crystallisations, and the results of the analyses indicate that 
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the product of the action of propylene oxide on a sodium phenoxide 
consists entirely of substances having the empirical formula 
C,;H,O,R, in agreement with the view that a mixture of compounds 
having the above formula is in question. 

In the case of propylene glycol 2:4:6-tribromophenyl ether a 
complete separation was effected. After repeated crystallisation 
from light petroleum, followed by crystallisation from dilute alcohol, 
three fractions were obtained, melting at 78—79°, 64—65°, and 
42°5—43'5° respectively. The first and third fractions gave 
analyses agreeing with the composition C,H,O,Br;, the second 
was not analysed. It would appear that the first two are probably 
the isomeric ethers, whilst the third, the most soluble, is a eutectic 
mixture of these. 

In view of the uncertainty as to which of the two isomerides is 
in question in those cases in which fractions having a sharp melting 
point were obtained, only typical ethers were analysed, sufficient to 
prove that the reaction proceeds as indicated, and that the products 
have the above empirical composition corresponding with one or 
both of the constitutional formule given above. 

The alcohol employed as solvent was commercial ethyl alcohol 
which had been boiled for some hours with solid sodium hydroxide 
and distilled. It had D7? 0°79058, corresponding with 98-1 per 
cent. of ethyl alcohol. The presence of 2 per cent. of water made 
it possible to obtain WV /20-solutions of the sodium salts of the nitro- 
phenols, which are only sparingly soluble in absolute alcohol. 

The N-phenol, V/20-Na’ solutions of the nitrophenols, were 
prepared in the reaction tubes by mixing standard solutions of 
the nitrophenols and sodium ethoxide in the proper proportions. 
In the case of o-nitrophenol a small quantity of the sodium salt 
separated at room temperature, but a clear solution was obtained 
at 70°49. The W-phenol, V/20-Na’ solution of benzeneazophenol 
was prepared at 35° instead of at room temperature. 

The ethylene oxide, after redistillation, boiled at 12°5—13°/ 
757 mm. 

The propylene oxide was prepared from propylene glycol by first 
converting this into the chlorohydrin by the action of sulphur 
chloride. The crude product was fractionated ten or twelve times, 
and the resulting liquid, boiling at 127—129°, was cautiously 
treated with concentrated aqueous potassium hydroxide and dis- 
tilled. The crude propylene oxide so obtained was allowed to 
remain over potassium carbonate, distilled, and left in contact 
with metallic sodium to remove the last traces of water, and then 
repeatedly fractionated. 

The treatment with sodium appeared to be necessary, as distilla- 
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tion over other dehydrating agents was not sufficient to remove 
the water. Unfortunately, the yield of propylene oxide was very 
much reduced by this treatment. Several other methods of pre- 
paration were tried, but the yield was even less satisfactory, and 
the product less pure. The fraction boiling at 34—36° under 
atmospheric pressure was used in the experiments. 

The purity of the phenols was controlled by melting-point or 
boiling-point determinations. 


Experimental Data. 


The following examples of the experimental data obtained are 
given in full for illustrative purposes: 


Phenol. 
Ethylene Oxide. Propylene Oxide. 


Time, Oxide. Ether. Yield. Time, Oxide. Ether. Yield. 
hours. Gram. Grams. Percent. &k. | hours. Gram. Gram. Percent. k. 

2 0-414 0-783 60-3 0-201 2 0-332 0-247 285 0-073 

2 0-414 0-790 60-8 0-203 2 0-427 0-336 30-1 0-078 

4 0-517 1-389 85-7 0-211 2 0-182 0-138 289 0-074 
117(0 )0-160 0-486 96-7 4 0-192 0-247 49-2 0-074 

48(0) 0-123 0-299 92-7 

Glycol phenyl ether p-nitrobenzoate was prepared by treating a 
solution of the ether in pyridine with p-nitrobenzoy] chloride, the 
method followed being that described by Henderson and Heilbron 
(P., 1913, 29, 381). It crystallises from alcohol in needles melting 
at 63°. 

In bulk the crystals showed a very pale yellow colour: 


0°1961 gave 8'4 c.c. N, (moist) at 19° and 767 mm. N=4°97. 
C,;H,,0;N requires N=4°88 per cent. 

Glycol o-tolyl ether, C,H,-O-CH,°CH,°OH, is a colourless oil 
boiling at 1419/19 mm. The p-witrobenzoate crystallised from 
alcohol in colourless, iridescent plates, melting at 78°5—79°5°: 

0°2172 gave 88 cc. N, (moist) at 16° and 771 mm. N=4°79. 

C,,H,,0O;N requires N=4°65 per cent. 

The mixture of isomeric propylene glycol o-tolyl ethers formed a 
yellow oil. The p-nitrobenzoates, after crystallisation from alcohol, 
formed white, microscopic crystals, melting between 78° and 84°: 

0°2308 gave 9°4 c.c. N, (moist) at 21° and 769 mm. N=4°68. 

C,,;H,;,0;N requires N=4°45 per cent. 


Glycol m-tolyl ether was obtained as a colourless oil boiling at 
145—147°/19 mm. The p-nitrobenzoate crystallised from alcohol in 
clusters of minute, colourless plates, melting at 80°5—-81°5°: 
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0°2006 gave 8°3 c.c. N, (moist) at 14° and 760 mm. N=4°87. 
C,.H,;0;N requires N=4'65 per cent. 

Glycol p-tolyl ether crystallises from hot light petroleum in 
colourless prisms, melting at 44—45°: 

0°1666 gave 0°4331 CO, and 0°1187 H,O. C=70°89; H=7°97. 

C,H,,0, requires C=71°01; H=7°96 per cent. 

Glycol p-aylyl ether, CsHy*O-CH,°CH,°OH, crystallises from hot 
light petroleum (b. p. 40—65°) in clusters of fine needles melting 
at 46°: 

0°1488 gave 0°3939 CO, and 0°1126 H,O. C=72°19; H=8°48. 

C,9H,,0. requires C=72°23; H=8°51 per cent. 

Glycol w-cumyl ether, C,H,,-O-CH,°CH,°OH, crystallises from 
light petroleum in colourless, prismatic crystals, melting at 
70—71°: 

0°1390 gave 0°3736 CO, and 0°1116 H,O. C=73°28; H=9-00. 

C,,H,,0, requires C=73°24; H=8'97 per cent. 

Since this ether is not very readily soluble in cold light petroleum 
a mixture of light petroleum with a small quantity of ordinary 
ether was used as the extracting solvent in the experiments on the 
velocity of reaction. 

Glycol 3-methyl-6-isopropylphenyl ether, C,)H,,*O°CH,*CH,°OH, 
remained as an almost colourless oil on evaporation of the light 
petroleum used as extracting solvent. Some months later it spon- 
taneously crystallised on being poured from one vessel to another, 
forming a white, crystalline mass. It was dissolved in hot light 
petroleum (b. p. 68—73°), from which, on seeding the cold solution, 
it separated in transparent prisms melting at 53—54°: 

0°2097 gave 0°5687 CO, and 0°1739 H,O. C=73°96; H=9°29. 

C,,H,,0, requires C=74'16; H=9°36 per cent. 

The mixture of isomeric propylene glycol 3-methyl-6-isopropyl- 
phenyl ethers formed a yellow, viscous oil. The p-nitrobenzoates 
formed a pasty mass completely soluble in light petroleum, from 
which crystals slowly separated on evaporation of the solvent. The 
crystals were drained from oil on a porous plate, and recrystallised 
from alcohol. In this way the less soluble isomeride was obtained 
in pale yellow crystals melting at 60°5—62°: 

0°4570 gave 16:1 c.c. N, (moist) at 21° and 762 mm. N=4'02. 

C.)H230;N requires N=3°92 per cent. 
Glycol 2-methyl-5-isopropylphenyl ether, 
C,,H,,°O-CH,°CH,:OH, 
separates from light petroleum (b. p. 40—60°) in silky needles 
melting at 51—52°: 
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0°1407 gave 0°3830 CO, and 0°1174 H,O. C=74:25; H=9°36. 
C,,H,,0. requires C=74'16 ; H=9°36 per cent. 

Glycol o-methoxyphenyl ether, CH,*O-C,H,-O-CH,°CH,°OH, was 
obtained as a colourless oil boiling at 166—167°/22 mm. On 
remaining it slowly changed to a mass of deliquescent, white crystals 
with a low melting point. The p-nitrobenzoate separated from 
alcohol in rosettes of white crystals melting at’ 87—88°: 


0°1919 gave 7°5 c.c. No (moist) at 14° and 749 mm. N=4'53. 
Ci¢H,;0,N requires N=4°42 per cent. 
Glycol 2-methozy-4-allylphenyl ether, 
CH,°0-C,H,;(C,H;)*O-CH,:CH,-OH, 

dissolves very readily in ether, benzene, alcohol, or ethyl acetate. 
It was recrystallised by dissolving in dry ether and adding to the 
solution sufficient light petroleum to produce a slight turbidity. 
On cooling the turbid liquid in a freezing mixture, the substance 
separated quickly in colourless needles, melting at 36—37°: 

9°1392 gave 0°3518 CO, and 0°0965 H,O. C=68°93; H=7°77. 

C,,H,,0, requires C= 69°18 ; H=7°76 per cent. 

Glycol anaphthyl ether, C,)H,-O°-CH,°CH,*OH, was obtained as 
a red, crystalline mass. It was purified from small quantities of 
colouring matter by extracting the crude product repeatedly with 
light petroleum. On cooling the petroleum solution the glycol 
ether separated as an oil, which solidified on rubbing with a crystal. 
It was then dissolved in dry ether, in which it is very readily 
soluble, and to this solution light petroleum was added until a 
faint opalescence was produced. 

A crystal of the glycol ether was then introduced, and the 
solution left for some time, when clusters of minute, colourless plates 
separated, which melted at 42°: 

0°1450 gave 0°4054 CO, and 0°0836 H,O. C=76°26; H=6°46. 

C,,H,.0, requires C=76°56; H=6°44 per cent. 

The mixture of isomeric propylene glycol a-naphthyl ethers 
formed an oil which slowly solidified to a mass of pink crystals. 
These were moderately soluble in boiling light petroleum, and from 
this solution one of the ethers separated as a woolly mass of needles 
melting at 64—65°, the other being left as an oil. 

Glycol B-naphthyl ether was obtained as a crystalline solid with 
a slightly pink colour. It was recrystallised twice from hot benzene, 
from which it separated as an almost colourless, crystalline powder,,. 
melting at 76°: 

0°1667 gave 0°4669 CO, and 0°0964 H,O. C=76'38; H=6°48. 

C,.H,,0, requires C=76°56; H=6°44 per cent. 
The mixture of isomeric propylene glycol B-naphthyl ethers can- 
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sisted of pink crystals. Crystallisation from dilute alcohol, followed 
by crystallisation from light petroleum, gave a colourless fraction 
melting at 80—82°: 

0°1290 gave 0°3629 CO, and 0°0825 H,O. C=76°72; H=7°16. 

C,3H,,0, requires C=77°19; H=6°98 per cont. 

Glycol o-chlorophenyl ether, C,H,Cl-O-CH,°CH,*OH, was ob- 
tained as a colourless oil boiling at 159—161°/22 mm. The p-nitro- 
benzoate crystallises from alcohol in small, transparent plates, with 
a pale yellow tinge and melting at 81—82°: 

0°1944 gave 7°3 c.c. N, (moist) at 18° and 768 mm. N=4°38, 

C,;H,;,0;NCl requires N=4°36 per cent. 

Glycol m-chlorophenyl ether is a colourless oil boiling at 
163—164°/22 mm. The p-nitrobenzoate crystallises from alcohol 
in small, dense crystals with a very pale yellow tint, and melting 
at 104°: 

0°1672 gave 6°2 c.c. N, (moist) at 17° and 768 mm. N =4°35. 

C,;H;,0;NCl requires N= 4°36 per cent. 

The mixture of isomeric propylene glycol m-chlorophenyl ethers 
formed an oily liquid. The p-nitrobenzoates, after repeated crystal- 
lisation from light petroleum and from alcohol, were partly separ- 
ated. The specimen analysed melted at 98°5—101°: 

0°2129 gave 8°1 c.c. N, (moist) at 15° and 738 mm. N=4°33. 

C,.H,,O;NCl requires N=4°18 per cent. 

Glycol p-chlorophenyl ether was obtained as an almost colourless, 
crystalline mass, melting at about 28°. The p-nitrobenzoate crystal- 
lises from alcohol in needles with a very pale yellow tinge, and 
melting at 90—91°: 

0°1729 gave 6°5 c.c. N, (moist) at 18° and 766 mm. N=4°38. 

C,;H,;,0;NCl requires N=4°36 per cent. 
The glycol 2:4:6-trichlorophenyl ether, 
C,H,Cl,-O-CH,°CH,-OH, 
was crystallised from hot light petroleum (b. p. 68—75°), from 
which it separates in prismatic needles melting at 77°: 
0°1946 gave 0°3471 AgCl. Cl=44°13. 
C,;H,0,Cl, requires Cl=44°08 per cent. 

Glycol 2:4:6-tribromophenyl ether, C,H,Br,-O-CH,*CH,:OH, 
crystallises from hot ethyl alcohol in fine needles melting at 116°: 

_ 01710 gave 0°2583 AgBr. Br=64'27. 

C,H,O,Br, requires Br=63'97 per cent. 

The mixture of isomeric propylene glycol 2:4:6-tribromophenyl 
ethers by repeated crystallisation, first from light petroleum and 
afterwards from dilute alcohol, was separated into three fractions 
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melting at 78—79°, 64—65°, and 42°5—-43'5° respectively. The first 
and third fractions were analysed : 
I. 0°0867 gave 0°1263 AgBr. Br=61°96. 
III. 0°1402 ,, 0°2031 AgBr. Br=61°64. 
C,H,O,Br, requires Br=61°67 per cent. 

Glycol p-benzeneazophenyl ether, C,H,*N,°C,H,-O-CH,-CH,°OH, 
crystallises from benzene in orange-coloured needles melting at 
100°: 

0°1231 gave 12°4 c.c. N, (moist) at 14° and 759 mm. N=11°84. 

C,,H,,0,N, requires N=11°57 per cent. 

In order to ascertain whether benzeneazophenol, in the absence 
of alkali, would react with ethylene oxide as a quinone-hydrazone, 
producing a derivative of the formula 

C,H,"N(CH,°CH,°OH)-N:C,H,:0, 
a solution of the free phenol was heated with ethylene oxide for 
some hours. Since it has been shown by Knorr (Ber., 1899, 32, 
729) that ethylene oxide does not react easily with amines in the 
absence of ,water, the solvent employed in this case was a mixture 
of alcohol and water in about equal proportions by volume. The 
product under these conditions was quite similar in appearance 
to the substance produced when alkali was present, and had the 
same melting point. A mixture of the two products in about equal 
proportions also melted at the same temperature. 

It would appear, therefore, that the same substance, namely, that 
of the formula C,H;*N-N-C,H,°O-CH,°CH,°OH, was produced in 
each case. 

The mixture of isomeric propylene glycol benzeneazophenyl ethers 
consisted of orange crystals, sparingly soluble in light petroleum. - 
This solvent readily effects a separation of the two ethers, the more 
soluble isomeride crystallising with difficulty. The specimen ana- 
lysed melted at 99—101°5°: 

0°1970 gave 18°3 c.c. N, (moist) at 12° and 751 mm. N=10°86. 

C,;H,,0,N, requires N=10°94 per cent. 

Glycol o-cyanophenyl ether, CN-C,H,°O°CH,°CH,°OH, was ob- 
tained as a colourless oil boiling at 203°/19 mm. The p-mtro- 
benzoate separates from alcohol in almost colourless, minute, pris- 
matic crystals, melting at 108°: 

0°1913 gave 14°7 c.c. Nz (moist) at 16° and 766 mm. N=9°03. 

C,¢H,,0;N, requires N=8'98 per cent. 

Glycol m-cyanophenyl ether was crystallised by dissolving it in 
pure dry ether, and adding to the solution sufficient light petroleum 
to produce an opalescence. The glycol ether separated slowly in 
colourless, microscopic crystals, melting at 52—53°: 
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0°1467 gave 10°7 c.c. N, (moist) at 12° and 760 mm. N=8'66. 
C,H,O,N requires N=8'59 per cent. 

Glycol p-cyanophenyl ether crystallises from benzene in prismatic 
needles, melting at 86°: 

0°1437 gave 10°6 c.c. N, (moist) at 12° and 750 mm. N=8'64. 

C,H,O,N requires N=8'59 per cent. 

The mixture of isomeric propyleneglycol p-cyanophenyl ethers 
formed a yellow, viscous oil, which crystallised, on long keeping, 
in almost colourless needles melting between 46° and 67°: 

0°2911 gave 20°75 c.c. N, (moist) at 21° and 764 mm. N=8'16. 

C,)H,,O,N requires N=7°'91 per cent. 

Glycol o-nitrophenyl ether, NO,°C,;H,-O-CH,°CH,°OH, was ob- 
tained as a yellow oil, which solidified after keeping for some days. 
Tt was crystallised by dissolving in cold ethyl acetate and adding 
to the solution sufficient light petroleum to produce an opalescence. 
On introducing a crystal of the substance into the solution cooled 
in a freezing mixture, a rapid separation of the ether in small, but 
well-defined, transparent prisms took place. In bulk the crystals 
had a distinct, although pale, yellow colour; they melted at 
35—36° : 

0°1732 gave 11°4 c.c. Ny (moist) at 15° and 766 mm. N=7°78. 

C,H,O,N requires N=7°65 per cent. 


Glycol m-nstrophenyl ether, in the crude state, formed crystals 
with a very pale yellow tinge. It was recrystallised by dissolving 
in cold ethyl acetate and adding light petroleum to the solution, 
when almost colourless, prismatic crystals separated, melting at 
_ 87—-88°: 

0°0929 gave 6°0 c.c. N, (moist) at 12°5° and 778 mm. N=7°81. 

C,H,O,N requires N=7°65 per cent. 

Glycol p-nitrophenyl ether was obtained in almost colourless 
crystals melting at 92—-94°, but giving a turbid liquid, which did 
not become clear until about 100°. In spite of several recrystallisa- 
tions it was not found possible to obtain a specimen with a sharp 
melting point. The temperature of fusion of the crystals varied 
slightly according as benzene, alcohol, or ethyl acetate was employed 
as the solvent. The sample analysed had been crystallised by dis- 
solving in cold ethyl acetate and adding light petroleum. It formed 
almost colourless, prismatic needles, softening at 84° and melting at 
89-—92°: 

0°1614 gave 10°4 c.c. No (moist) at 11° and 757 mm. N=7°66. 

C,H,O,N requires N=7°65 per cent. 


The mixture of propylene glycol p-nitrophenyl ethers formed a 
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brown oil, from which one of the isomerides slowly separated in 
pale yellow, transparent prisms. 

These were soluble in hot light petroleum, and on cooling a pale 
yellow oil separated, which slowly crystallised in large, clear, amber 
prisms, melting at 65-—68°. The crystals were pressed to remove 
adhering brown oil, and recrystallised from light petroleum, when 
they melted at 71°: 

0°2263 gave 14°15 c.c. N, (moist) at 16° and 769 mm. N=7°38. 

C,H,,0O,N requires N=7'11 per cent. 

The mixture of isomeric propylene glycol m-dimethylamtnophenyl 
ethers formed a dark-coloured oil, showing signs of incipient crystal- 
lisation. An aqueous solution of the hydrogen owalates of the 
ethers was evaporated under diminished pressure over sulphuric 
acid, and the residue was crystallised from alcohol. In this way 
the hydrogen oxalate of one of the isomerides was obtained in white 
crystals, melting at 133—134°: 

0°1913 gave 8°35 c.c. N, (moist) at 16° and 764 mm. N=5'12. 

C,,H,;0,N,C,H,O, requires N= 4°91 per cent. 
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CXCVII.—The Osmotic Properties and Physical 
Constitution of Caoutchouce Solutions. 


By Wittiam Avcustus Caspari. 


THE osmotic pressures exerted against a semi-permeable diaphragm 
by various colloids in aqueous solution have been frequently deter- 
mined, and the results in many cases have been of considerable 
interest. The real significance, however, of the osmotic rise of a 
colloidal solution—assuming equilibrium to have been experiment- 
ally attained—is often a matter of some dubiety. Not only is the 
condition of such a solution liable to variation with age, tempera- 
ture, mode of preparation, and other factors, but additional com- 
plications, into which it is unnecessary here to enter, are introduced 
by the inevitable presence of small quantities of foreign electrolytes 
or by the partial ionisation of the colloid itself. When, as in the 
present experiments, the solvent is a non-ionising organic liquid, 
matters are simplified in so far as electrolytic complications may be 
disregarded. On the other hand, those colloidal solutions which, 


/ 
t 
H 
' 


2140 . CASPARI: THE OSMOTIC PROPERTIES AND 


like those of caoutchouc, are extremely viscid at concentrations of 
a few per cent., are clearly different in their constitution from 
solutions of crystalloids and from the numerous colloidal solutions 
approximating in their habit to those of crystalloids, all of which 
have viscosities increasing only slightly more rapidly than the con- 
centration until very high concentrations are reached. It cannot, 
therefore, be surprising if solutions of the caoutchouc type show 
peculiarities of their own when their osmotic pressure is measured 
by the direct method. 

Osmotic measurements are usually undertaken with the aim of 
ascertaining the molecular weight of the dissolved substance. It 
has been shown by Perrin (Compt. rend., 1908, 146, 967; 147, 
594) that particles large enough to be microscopically visible obey, 
when suspended or emulsified in a liquid, the osmotic laws of Raoult 
and van’t Hoff in the same way as crystallised substances in mole- 
cular solution, and there is no reason to suppose that freely moving 
particles of dissolved substance in a colloidal sol behave otherwise, no 
matter whether the particles be large or small, liquid or solid, or 
whether the sol be transparent or opalescent, mobile or viscid. Pro- 
vided, therefore, that the colloidal particles be not too large to show 
any osmotic effect measurable by the ordinary methods, and that 
the osmotic phenomena be not too much blurred by the superimposi- 
tion of effects not ascribable to osmotic pressure in the strict sense, 
conclusions may be legitimately drawn as to the mean size and 
mass of the particles. Even then the quantities so found corre- 
spond only with the particles actually existing in solution, which 
in the nature of things are much more likely to be highly associated 
than the mainly unimolecular particles of dissolved crystalloids. In 
other words, the deduction of molecular weight from osmotic data 
is least likely to be illusory when the colloidal solutions approach 
those of crystalloids in their general properties and when they 
follow the Raoult-van’t Hoff relation in regard to concentration 
and temperature-coefficient. 

As regards the measurement of osmotic quantities, the cryoscopic 
and ebullioscopic methods, although they have from time to time 
been applied to colloids, have usually failed to yield any precise 
information, partly because they are not delicate enough to cope 
with the very large molecules concerned, and partly because impuri- 
ties exert their full effect. By direct measurement of the pressure 
inside a semi-permeable septum, a higher delicacy is obtained 
(10 cm. of benzene correspond with 0°018° of cryoscopic depression), 
whilst the latter source of error is largely obviated by the per- 
meability of the diaphragm to impurities of comparatively low 
molecular weight. With caoutchouc, the depression of freezing 
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point in benzene solution is so small (Gladstone and Hibbert, Phil. 
Mag., 1889, [v], 28, 38) as to be of little quantitative value. It 
therefore seemed not uninteresting to investigate the osmotic pres- 
sure of caoutchouc solutions by the direct method. 


ExPERIMENTAL. 


The solvents employed were benzene and light petroleum (b. p. 
80—120°). For a semi-permeable diaphragm it was found, after 
trials of various materials, that ordinary cylindrical 
cells of white porous earthenware served very well. 
These cells, when free from concealed flaws or iso- 
lated large pores, retained the more viscous caout- 
chouc solutions very successfully, whilst permitting a 
free passage of solvent; with thin solutions, however, 
their semi-permeability proved to be somewhat un- 
certain. Consequently it was found desirable to block 
the pores of the cells, in the manner described below, 
with cold-vulcanised caoutchouc, which is imperme- 
able towards dissolved caoutchouc and, in thin layers, 
tolerably permeable towards solvent. The dimen- 
sions of the cells were: height, 75 mm.; diameter, 
25 mm.; thickness of wall, 3 mm.; the capacity of 
the osmometer when fitted up was about 25 c.c. 

Three forms of osmometer, adapted to dilute, 
intermediate, and concentrated solutions, were used. 
The intermediate form (Fig. 1) had a short, wide 
glass tube of 10 mm. bore, closed by a well-ground 
stopper, cemented into the cell. The manometer- 
stalk, consisting of thick-walled tubing of about 
1 mm. bore and 40—-50 cm. length, was sealed in 
laterally. With this type of osmometer the charging 
of the cell was greatly facilitated, whilst leakage of 
solution past the stopper could be effectually pre- 
vented by smearing the latter with glucose-syrup and 
clamping it down by means of springs. Owing to the 
narrow bore of the manometer, a correction for 
capillarity (5 to 10 mm.) had to be subtracted from all 
readings. As thus constructed, the osmometer was not well suited to 
the reading of pressure-heads amounting to but a few cm.; for very 
dilute solutions, therefore, a simpler form was adopted, having a 
straight glass stalk of 4 mm. bore and 20 cm. length, cemented 
directly into the cell. A disadvantage of this type was that small 
movements of head in the stalk involved the inward or outward 
diffusion of somewhat large quantities of solvent; it was accordingly 
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reserved for cases where the eventual position of the meniscus was 
approximately known at the outset. For concentrated solutions 
giving pressures, in terms of solution, of 50 cm. or more, mercury 
osmometers were used differing from the first-named type only 
in that the short lateral tubulure was bent downwards and then 
upwards, and carried a small reservoir in the shorter arm. 

In order to fix the glass parts into the cell, the lower end of the 
inserted tube was continued by a short piece not much narrower 
than the bore of the cell itself, and trumpeted out so as to pass 
in with a little friction. A stiff paste of powdered asbestos and 
syrupy sodium silicate was worked into the interstitial space and 
slightly banked up on the outside. The cement was allowed to 
harden for at least twenty-four hours, and the apparatus was then 
heated for several hours in a drying oven. It was observed that 
the trustworthiness of the joint depended on keeping the annular 
space between glass and cell as narrow as possible. 

The glass parts having been attached, the cells were filled with 
a 10 per cent. solution of deviscified caoutchouc in benzene and 
immersed in the same liquid, and were placed under diminished 
pressure. After the air included in the pores had thus been ex- 
tracted, the apparatus was left to itself under the ordinary pressure 
for some hours, so that the cells might be fully impregnated with 
caoutchouc solution. They were then immersed, inside and out, in 
a 3 per cent. solution of sulphur monochloride in benzene, whereby 
the caoutchouc taken up was vulcanised ; finally, they were washed 
by repeated soaking in fresh benzene. 

The cells were held, by means of perforated ground-glass disks, 
in ordinary gas-cylinders containing the outer solvent. The 
cylinders were kept in a thermostat at 25°. Readings of the mano- 
metric columns were carried out in some cases by means of paper 
scales gummed to the stalks, in others by the aid of a rigid, 
movable scale. Before beginning an experiment, the inner and 
outer liquids were brought to a temperature of 25° in order to 
avoid “thermometer effect,” that is, initial rise in the manometer 
due to thermal expansion. With the stoppered osmometers this 
was easily effected by charging and fitting up the osmometer, with- 
out inserting the stopper, and keeping it in this condition for an 
hour in the thermostat before securing the stopper in position. 

; With osmometers having a capillary manometer, the rise of liquid 
in the latter became perceptible very soon after closure, and pro- 
ceeded, in general, at a rate of 2—3 cm. (of organic liquid) per 
hour during the first few hours; the rate, as might be expected, 
varied not only with the solution, but also with the particular 
osmometer employed. In the neighbourhood of equilibrium the 
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rise slowed down to 1—2 cm. per day, or less. At this stage the 
manometer column, unless the cell were leaky or the solution losing 
viscosity very rapidly, remained constant within a few mm. for 
several days, and then underwent a slow and steady fall correspond- 
ing with the spontaneously decreasing viscosity of the solution. 

Before the connexion between viscosity and osmotic rise had 
become apparent, this fall seemed to indicate leakiness of the cells. 
Genuine cases of leakiness, however, were readily detected by the 
abnormally rapid fall in the manometric stalk when the osmometer 
was charged inside and out with pure solvent. Some forms of 
caoutchouc which lose viscosity in solution more rapidly than others 
were rejected ; with the pale plantation crape used for the present 
experiments, the rate of manometric fall due to this cause ranged 
from 1 to 3 mm. per day. 

Pressure-equilibrium in the osmometers was frequently put to 
the test by lowering or raising the level of the liquid in the mano- 
meter. With capillary stalks, the original level was always restored 
to within a few mm. in the course of half a day, from either side. 
With wide stalks the return, as might be expected, was too slow 
to be complete within reasonable time. Transpiration of caout- 
chouc through the cell-walls was controlled from time to time by 
analysis of the outer liquid. In no case (apart from demonstrably 
leaky cells) were more than 1°5 grams of caoutchouc per litre found 
in solution, which quantity may be considered negligible. More- 
over, no change in the manometric column was ever noted as the 
result of substituting fresh solvent for the outer liquid. 

Solutions of caoutchouc were prepared at the highest concentra- 
tion at which they were intended to be used, and a series of less 
concentrated solutions was made by diluting the original one. 
Osmometric readings were taken as soon as possible after the mano- 
metric column had been observed to reach equilibrium, and the 
actual concentration of the solution was then determined, as also 
its viscosity. The latter was determined at 20° by the capillary- 
flow method in an Ostwald viscometer; the same instrument was 
used throughout, the times of efflux being for pure benzene seven- 
teen seconds and for pure light petroleum sixteen seconds. 

Table I shows the osmotic rises and viscosities of a series of 
benzene solutions of deresinified plantation rubber, containing in 
suspension nitrogenous and mineral matter to the extent of 3 per 
cent. of the rubber, and having only a slight opalescence. The 
figures under c represent grams of substance in 100 c.c. of solution, 
H the manometric column in millimetres as read off, H’ the same 
calculated to atmospheres, V the viscometric time of efflux. 
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TasBie I 
(Fresh Caoutchouc, Benzene.) 


H. . H’. 

45 (mercury) 0-0592 
360 0-0307 
251 0-0214 
137 0-0117 
77 0-0066 
42 0-0036 

On comparing ¢ with H, it will be seen that the osmotic rise 
increases far more rapidly than the concentration. The manner in 
which the c—H curve turns upward has something in common with 
the well-known trend of the curves connecting the viscosity of caout- 
chouc solutions with their concentration, and for this reason the 
one curve was always, in the present experiments, compared with 
the other. 

The parallelism between osmotic rise and viscosity was confirmed 
in other ways. Solutions of caoutchouc invariably undergo a slow 
diminution of viscosity on keeping, which diminution can be 
artificially hastened by heat or light. When a portion of the same 
solution as in table I had thus been partly deviscified, the follow- 
ing figures were obtained. 


TaBLeE II. 
(Partly Deviscified Caoutchouc, Benzene.) 


H. H’. Vv. 

275 0-0235 771” 

185 0-0158 402 

136 0-0116 285 

105 0-0088 213 

42 0-0036 86 
Here it is seen that solutions of the same material and the 
same concentration vary in osmotic effect pari passu with the 
viscosity, independently of the concentration. A further series of 
experiments was made with caoutchouc deviscified to an extreme 
point by boiling the solution for more than eighty hours. The 
condition of the caoutchouc then isolated by evaporation was that 
of a treacly and exceedingly adhesive mass almost destitute of 
elasticity. Resinous oxidation-products were extracted by shaking 
the solution repeatedly with 95 per: cent. alcohol; nevertheless, 
owing to residual traces of such impurities, the osmotic rises at first 
went considerably beyond the eventual position of equilibrium. In 
order to allow for this, the column was lowered by the aid of a 
capillary pipette after twenty-four hours’ keeping, and the experi- 

ment thus started afresh. The results were as follows: 
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TaB_e III. 


(Highly Deviscified Caoutchouc, Benzene.) 

Cc. H. H’. V. 
9-95 37(mercury) 0-0487 287” 
6-89 330 0-0282 150 
4-11 165 0-0141 68 
2-06 71 0-0060 35 


A graphic conspectus of all the results with benzene solution is 
given in Figs. 2 and 3. 
Similar series of determinations with solutions of the same 
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Osmotic rises in benzene. 
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caoutchouc in light petroleum gave the results tabulated below. 
These solutions were strongly opalescent, and showed, in concentra- 
tions of 1°5 per cent. and more, a much more strongly marked 
ropiness, or elastic viscosity, than benzene solutions. This differ- 
ence evidently corresponds with the greater ease with which the 
pectous constituent of raw india-rubber (see J. Soc. Chem. Ind., 
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1913, $2, 1041) disperses itself in benzene than in paraffin hydro- 


carbons. 
TaBLE LV. 
(Fresh Caoutchouc, Light Petroleum.) 
Cc. A. Ps Vs 
3°54 394 0-0282 —_ 
2-67 246 0-0176 11330” 
1-79 130 0-0093 960 
0-99 51 0-0036 285 - 
0-50 22 0-0016 102 E 
Fie. 3. 
Viscosities in benzene. 
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TABLE V. 
(Partly Deviscified Caoutchouc, Light Petroleum.) 
c. i. n. Vz 
3-63 304 0-0218 564” 
1-76 98 0-:0070 138 


0-91 34 0-0024 60 
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Here, again, the osmotic rise is seen to depend largely on the 
physical condition of the solution, apart from concentration. With 
solutions of about the same degree of freshness (compare tables I 
and IV), the osmotic rises in benzene and light petroleum solution 
are not very different. The curves for light petroleum solutions 
are given in Figs. 4 and 5. 

Finally, in order to demonstrate still more clearly the influence 
of the physical condition of solutions, osmometers were set up with 
4 solutions of the same material and concentration on either side of 
the septum, differing only in viscosity. The deviscified solutions 
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Osmotic rises in light petrolewm. 
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constituted the outer liquid. The more viscous solutions invariably 
showed an osmotic rise against the less viscous, as is apparent from 
the following figures: 


TaBLe VI. 
Benzene: 
c inner. c outer. V inner. V outer. Rise. 
2-51 2-49 9926” 972” 261 mm. 
1-99 2-02 3395 464 150 


Light petroleum: 


4-13 4:07 24920” 545” 316 mm. 
2-02 2-00 1060 131 112 
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It further seemed of interest to determine the osmotic rise of 
gutta-percha solutions. Washed gutta-percha was freed from resin 
as far as possible by extraction with acetone, and from mechanical 
impurities by filtration of the solution. Owing to the presence of 
residual traces of resin, the first rises were in most of the experi- 
ments abnormally high; the same procedure, therefore, was adopted 
as in the case of highly deviscified caoutchouc. The following 
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results were obtained with benzene as solvent. In column M&M the 
molecular weight, as calculated by the van’t Hoff relation, is 


shown. 
Taste VII. 
(Gutta-percha, Benzene.) 
c. HA. ms V. M. 
6-03 38(mercury) 0-0500 270” 29500 
3°04 279 0-0238 81 31100 
2-04 171 0-0146 45 34000 
1-26 101 0-0086 35 35600 


It appears from the above experiments that the osmotic rise of 
caoutchouc solutions against their solvent at a given temperature 
is by no means purely a function of the concentration, but depends 
largely on the physical condition of the solutions. This pheno 
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menon is evidently connected with their colloidal nature, and may 
well, in a greater or less degree, be common to all colloidal solutions. 

If the rises are regarded as due solely to osmotic pressure proper, 
the anomalous relations between osmotic rise and concentration can 
only be set down to variations in the mean size of the molecule. 
The effects of,co-volume and of intermolecular attraction cannot, at 
such low concentrations, account for c—H curves so strongly curved 
as those of tables I and IV. There must, then, in a given viscid 
solution of caoutchouc be a predominance of large, highly associated 
molecules at lowest concentrations, and a rapidly increasing dis- 
sociation as the concentration rises. Also, in a solution of given 
concentration, molecular association must increase as the viscosity 
decreases. These conclusions, however, are directly opposed to what 
is known of the general relations existing between concentration, 
molecular association, and viscosity. 

A more probable explanation would seem to lie in the colloidal 
characteristics of caoutchouc and the two-phase constitution of its 
solutions. There can hardly be any doubt that solutions of caout- 
chouc, like those of gelatin (see Garrett, Phil. Mag., 1903, [vi], 6, 
374), are composed of a sol-phase and a gel-phase, the latter of 
which, although uniformly dispersed in the former, has sufficient 
cohesion of its own to impart a certain elasticity to the solution. 
The ropy habit of moderately dilute caoutchouc solutions affords 
prima facie evidence of a gel-phase. This hypothesis, then, sup- 
poses that caoutchouc solutions of near 100 per cent. consist of 
little sol and much mechanically strong gel containing but little 
solvent ; that very dilute solutions consist of relatively more sol and 
relatively little gel, the latter weak and highly distended; and that 
between the extremes there is a continuous gradation. Hence the 
viscosity, as measured by efflux, rises much more rapidly than the 
total concentration. At any given concentration there is a meta- 
stable equilibrium between the gel-phase and the sol-phase, the 
swelling tendencies of the former being counteracted by the true 
osmotic pressure of the latter. Spontaneous or accelerated ageing 
tends to shift the equilibrium in favour of the sol-phase. 

Supposing, then, that a caoutchouc solution has part of its volume 
occupied by sol and the remainder by gel, the observed osmotic 
rises may be accounted for in two ways. Either, firstly, the gel- 
phase is osmotically inoperative, and the rise depends solely on the 
concentration of the sol-phase. If that were so, it would follow 
that as the total concentration rises the sol-phase becomes more 
concentrated than the gel-phase, and that as the viscosity of a 
given solution decreases the sol-phase becomes more dilute. Or, 
secondly, so much of the gel-phase as is in contact with the 
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diaphragm (corresponding with the ratio of gel-volume to sol- 
volume in the liquid) exerts simultaneously a pressure of the same 
character as that which causes caoutchouc, gelatin, etc., to swell 
when immersed in solvents, the observed rise being then a composite 
one. One would then expect the pressure developed inside a semi- 
permeable diaphragm to reach many atmospheres as the solution 
approached 100 per cent.; and, indeed, the pressures capable of 
being exerted by swelling colloids are well known to be of no mean 
magnitude. Which alternative is the more probable is not easy to 
decide in the present state of knowledge. 

To the question of the molecular weight of dissolved caoutchouc 
the osmotic rises give no very definite answer. The van’t Hoff 
relation can be applied only to the sol-phase, and postulates that 
the concentration of that phase be known; but with the dilutest 
solutions, in which the gel-phase may be assumed to have almost 
disappeared, the measurement of osmotic pressure becomes very 
uncertain. From the data in tables I—V, a convergence of the 
molecular-weight value towards 100,000 is indicated in benzene 
and light petroleum solutions. The molecular weight of gutta- 
percha in benzene solution appears to be considerably smaller, since 
40,000 is the limit towards which the values shown in table VII 
converge. 


UNIVERSITY COLLEGE, 
LONDON. 


CXCVIII.—The Velocities of Flame in Mixtures of 


Methane and Arr. 
By ALBERT PARKER and ALAN VicToR RHEAD. 


THE progress of flame in mixtures of methane and air and hydrogen 
and air in various proportions was carefully investigated by Mallard 
and Le Chatelier (Bull. Soc. chim., 1882, [ii], 39, 369). They 
devised several methods of measuring velocities of flame, but none 
of these was entirely satisfactory. In the case of mixtures with 
methane, the velocities were determined by passing the gases 
through a tube at a known rate, igniting the mixture at the end, 
and gradually reducing the velocity until a point was reached, 
when the flame commenced to travel back along the tube. At this 
point the velocity of inflammation must have been greater than 
the rate of flow of the gas. The velocity of flame was taken as the 
minimum speed at which the gas had to be driven to prevent the 
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mixture firing back. Bunte (Ber., 1898, 31, 19) also used a similar 
method in his experiments on the initial velocities of hydrogen, 
coal gas, acetylene, and methane when mixed with air. The results 
of the above-mentioned investigators are of great value in connexion 
with the combustion of air-gas mixtures for heating or lighting 
purposes, but for the study of fire-damp explosions in coal mines it 
is necessary to make observations of the properties of flame as it 
“travels through” mixtures of methane and air. 

The object of the following experiments was to measure the 
velocities of the flame of mixtures of methane and air at different 
points in a tube. At the same time it was decided to investigate 
the effect of material by using tubes of copper, lead, iron, and glass. 

Preparation of the Gaseous Mixtures——The gases were mixed 
over water in a graduated gas-holder of 150 litres’ capacity. About 
100 litres of each mixture was made, and this was sufficient to allow 
each experiment to be carried out several times if necessary. A 
careful analysis of each mixture was made by explosion, after the 
addition of measured quantities of pure methane and oxygen to 
ensure complete combustion. 

Methane.—This gas was prepared by Campbell and Parker’s 
method (T., 1913, 108, 1292) from aluminium carbide and water ; 
it was purified as described by these authors. 

A pparatus.—In the first experiments carried out, the tubes used 
were each approximately 2°5 cm. in diameter and 10 metres long, 
and were made up of shorter lengths held close together by stout 
rubber bands. In the tubes of lead, copper, and iron, short glass 
tubes (5 cm. long and 2°5 cm. wide) were interposed at every 
metre, to act as windows for observing the flame. It was found, 
however, that accurate results could not be obtained by this method, 
as usually the flame travelled at too great a velocity to be easily 
followed by the eye. 

This method was therefore abandoned, and the following, which 
afterwards proved to be most efficient, was adopted. 

The arrangement of the recording apparatus is shown in Fig. 1. 
Instead of following the progress of the explosion by eye, as in the 
earlier experiments, thin strips of Wood’s alloy * (melting at 72°) 
are used as flame indicators. These are stretched across the middle 
of the tube 7 at the points of connexion (0, 1, 2, 3, 4, 5, and 6) of 
the shorter lengths. The metal bridges are then placed in elec- 
trical connexion with the magnet X,, by means of the switchboard 
S and a copper: plate. The firing agent employed consists of a 


* The metal strips are made by pouring the molten alloy down the channel 
produced by folding a piece of paper at an angle of 60°. The streak of metal must 
not be disturbed while cooling, otherwise it becomes brittle. 
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single-break spark produced from the Ruhmkorff coil (?), by 
screwing up the hammer break of the primary coil, and rapidly 
breaking the circuit by moving the mercury switch H from posi- 
tion 1 to 2. As soon as the flame reaches O, the metal bridge at 
this point is melted, releasing the stylus X,, and producing an 
upward mark on the moving drum. The switch S is then rapidly 
moved to position 1, again completing the magnet circuit until the 
corresponding bridge is melted, and so on until all the bridges have 
been broken. 

The velocity of the revolving drum is measured by means of a 
clock pendulum. When the pendulum is in the position (#), the 
electro-magnet X, is in connexion with an accumulator, by way of 
the mercury contained in M@, and M,, the copper wire (a) and the 


Pia. 1. 


mercury switch H. When the pendulum is in any other position 
the connexion is broken, since the wire (a) is raised above the 
surface of the mercury in M,. In this way the stylus X is moved 
up and down with each swing, and corresponding lines are traced 
on the blackened paper. From the time of one swing of the 
pendulum, the distances between the bridges, and the distances 
between the styli marks on the drum, the velocity of an explosion 
may be calculated. 


Results of Experiments. 


(i) Curved Tubes.—in all cases the mixtures were fired near an 
open end of the tube, the further end being closed. In the first 
experiments carried out, in which the Wood’s alloy bridges were 
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used as flame indicators, the explosions were examined in tubes of 
glass, copper, iron, and lead, each approximately 10 metres long 
and 2°5 cm. in diameter. These 10-metre tubes consisted of a hori- 
zontal 5-metre length placed vertically above a 4-metre length, the 
two being joined by a 1l-metre semi-circular tube. The two hori- 
zontal portions were made up of shorter pieces, with bridges 
between, and held close together by stout rubber bands; the glass 
windows, previously interposed in the metal tubes, were removed. 
In some experiments the mixtures were fired from the upper ends 
of the tubes, and others from the lower ends. Mixtures of methane 
and air containing 6°9, 7°3, 7°75, and 84 per cent. of methane 
were examined. 

It was found that the bends in the tubes had some effect on 
the results. When fired from the upper end, the velocities of the 
6°9 and 7°3 per cent. mixtures were generally found to decrease as 
the flame descended the bend, whereas when fired from the lower 
end the velocities increased as the flame ascended. The following 
results obtained in the iron tube of 2°72 cm. diameter, with a 
73 per cent. mixture, serve as an example. 


Methane=7°3; air=92°7 per cent. 


Velocity of explosion in 
em. per second. 


Bridges numbered Direction of flame. 
from firing Distance P 

point. in em. ~ a 
o—1 106 36-4 37-0 
1—2 100 35-4 35-5 
2—3 100 37:8 39-0 
3—4 100 46-6 43-3 
4—5 100 46-6 73:9 
5—6 100 37-5 42-2 
6—7 100 47-5 41-0 
7—8 100 37-9 47°5 
8—9 100 38-0 36-4 
9—10 100 41-6 42-6 


In the above results it is noticeable that the velocity decreased 
from 46°6 to 37°5 cm. per second as the flame descended the bend, 
whereas the velocity increased from 43°3 to 73°9 cm. per second 
as the flame ascended. 

When the richer mixtures were sparked, it was found that the 
propagation of combustion always increased considerably at the 
bend, whether the flame were made to ascend or descend. Probably 
the effect. of the bend was similar to that produced on firing a 
mixture from the closed end of a tube. 

This is illustrated by the following results, taken from those 
obtained with a 7°75 per cent. mixture in the iron tube. 
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Methane=7°75; air=92°25 per cent. 


Velocity of explosion in 
em. per second. 


Bridges numbered Direction of flame. 
from firing Distance F ; 

point. in cm. _ => 
o—1 107 40-3 40-0 
1—2 100 36-0 36-5 
2—3 100 48-2 41-8 
3—4 100 44-7 49-3 
4—5 100 42-6 76-5 
5—6 100 86-2 94-5 
6—7 100 44-7 56-9 
7—8 100 41-1 41-2 
8—9 100 41-1 40-7 
9—10 100 45-9 45-9 


From the above results it is noticeable that the velocity increased 
from 42°6 to 86°2 cm. per second as the flame descended the bend, 
and from 49°3 to 94°5 cm. per second as the flame ascended. 

(ii) Straight Tubes.—As the effect of a bend in the explosion 
tube, on the velocities of flame, varied considerably with the com- 
position of the gaseous mixture, the curved 10-metre tubes were 
replaced by straight horizontal tubes, each about 6°5 metres long. 
It had also been found extremely difficult to make air-tight joints 
with rubber bands; these were therefore removed, and the joints 
made with soft wax. The tubes were always tested before use, by 
exhaustion. The gases were fired, as in previous experiments, near 
an open end of the tube, the further end being closed. Mixtures of 
methane and air varying in composition from the lower to the upper 
limits have been examined. 

Curves plotted from the results obtained in the glass tubes of 
2°65 cm. internal diameter, with mixtures containing different 
proportions of methane, are shown in Figs. 2 and 3. The ordinates 
represent the distances travelled by the flame, and the abscisse 
represent the times in seconds. On sparking the 5°99 and 12°25 per 
cent. mixtures, the explosion travelled far enough to melt the first 
two bridges, but died out before reaching the third. The same 
thing occurred when these mixtures were fired in the tubes of 
copper, iron, or lead. The propagation of flame in mixtures con- 
taining 6°83 and 7°6 per cent. of methane took place with a fairly 
uniform velocity throughout the entire length of 6°5 metres; 
similar results were obtained in the metal tubes. 

When 11°74 per cent. was sparked, it was generally found that 
the propagation of flame took place with a uniform velocity; but 
sometimes, even in the same tube, the velocity increased from 
about 38 cm. per second at the fifth metre to 50 or 60 cm. per 
second at the sixth. In one experiment in the iron tube the rate 
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of propagation rose to 101°5 cm. per second in the second metre, 
afterwards falling to a fairly uniform velocity of 38 cm. per second 
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In the other mixtures examined, containing 7°95, 10, 10°95, and 
11°3 per cent. of methane, the explosion always travelled in a 
manner similar to that given in the curves. The velocity of the 
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flame was perfectly uniform in the first metre, and when the experi- 
ments were repeated, constant results were obtained for the same 
tube. In the second and third metres, the flame began to oscillate, 
but not always to the same extent, even when the experiments were 
repeated under apparently the same conditions. At the fourth and 
fifth metres the rate of propagation suddenly increased, and the 
velocity measurements in this portion of the tube varied by as 
much as 25 per cent. in different experiments. At the sixth metre 
the flame slowed down to a fairly uniform velocity. 

In some experiments with the less explosive mixtures it was 
noticed that immediately after the setting up of vibratory move- 
ments the flame was extinguished. This was probably due to the 
violent agitation, causing the mixing of the burning gases with a 
large quantity of burnt mixture. 

From the above results it may be concluded that the propagation 
of flame in mixtures of methane and air generally occurs in three 
distinct periods when fired in a tube from an open to a closed end. 
The flame first travels with a perfectly uniform velocity; vibratory 
movements are then set up, and immediately afterwards the rate of 
explosion suddenly increases. In the third period the velocity 
again falls to a fairly uniform rate as the flame approaches the 
closed end of the tube. 

(iii) Initial Period of Explosion—From the above experiments 
it has been found that the measurements of velocity in the second 
or vibratory period of explosion varied considerably. Values of the 
times required for the combustion of the mixtures throughout the 
entire 6°5 metres could not therefore be obtained sufficiently 
constant to enable the effect of the material of the tube to be deter- 
mined. The only resuits that may be used for this purpose are 
those which were obtained in the first period, as this is the only 
period in which perfectly constant and uniform measurements of 
velocity could be made. The rates of propagation of flame are 
given in the following table. The internal diameters of the tubes 
were: glass, 2°65 cm.; lead, 2°64 cm.; copper, 2°3 cm.; and iron, 
2°72 cm.: 


Methane in Initial velocities in em. per second. 
mixtures. Aen seemenimet aa ieree een 
Per cent. Glass. Lead. Copper. Tron. 
5-99 21-72 19-42 18-32 21-22 
6-83 33-4 32-52 32-68 34-1 
7-6 45-6 43-5 42-4 43-8 
7-95 48-6. 48-2 45-2 —_— 
8-94 63-66 58-7 59-4 63-3 
10-0 69-8 65-0 63-2 67-3 
10-98 61-1 53-9 54-1 57-5 
11-3 53°3 45-4 47-7 50-6 


35-2 34-5 36-1 
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The velocities measured in the lead tube are lower than those in 
the glass. The diameters of the two tubes are so very nearly the 
same that the differences observed in the velocities must have been 
due to the effect of material. 

Lead, being a far better conductor of heat than glass, must have 
cooled the burning gases, and so reduced the speed of propagation 
of the flame. The values obtained in copper are generally lower 
than those in lead ; this may be accounted for by the better conduc- 
tivity for heat and the smaller diameter of the copper tube. In the 
iron tube the velocities of the flame were found to be greater than 
in the lead (due probably to the larger diameter), but less than in 
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glass. From these results it may therefore be concluded that the 
initial velocities of flame in mixtures of methane and air, in tubes 
of the same diameter, vary with the heat-conductivity of the 
material of the tube; the greater the conductivity for heat, the 
smaller the velocity of the flame. 

The initial velocities measured in the glass tube are shown 
graphically in Fig. 4, where the rates of inflammation are plotted 
against the amount of methane contained in the mixtures. The 
curve has been produced to the line of zero velocity, where the 
points of intersection should approximately represent the lower and 
upper limits of explosion of methane and air. This velocity curve 
appears to give the lower and upper limit values as 4°5 and 13:1 per 
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cent. respectively. Direct determinations of the limits place the 
lower value at 5°77 per cent. (Parker, this vol., p. 1002), and the 
upper value at 12°8 per cent. (Eitner, J. fiir Gasbeleuchtung, 1902, 
45). The most explosive mixture, if considered to be the one of 
maximum velocity, contains about 10 per cent. of methane, and 
travels at an initial rate of 70 cm. per second, 

Curves of the results of Mallard and Le Chatelier and of Bunte, 
who used the method of igniting the mixtures at the end of a 
tube, are also shown in the same diagram. The lower velocities and 
higher methane percentages obtained by these investigators are 
probably to be explained by the different method of determination 
and by the fact that the methane they used could not have been 
very pure. 


General Conelusions. 


(1) The propagation of flame in mixtures of methane and air 
generally occurs in three distinct periods when fired from an 
open to a closed end- of a tube In the first period the flame travels 
with a constant and uniform velocity. 

The second period consists of vibratory movements and a sudden 
increase in velocity. In the third period the rate again falls to 
a uniform value, as the flame approaches the closed end of the 
tube. 

(2) In tubes of a given diameter the initial velocity of explosion 
varies with the material of the tube; the velocity is less in tubes 
possessing a high conductivity for heat. 

(3) The maximum initial velocity is possessed by a mixture con- 
taining 10 per cent. of methane, the rate of propagation of which 
is 70 cm. per second. The initial velocity then falls with change 
of methane content, moving towards zero at 4°5 and 13:1 per cent. 

(4) The effect of a bend in the explosion tube varies considerably 
with the nature of the bend and the percentage composition of the 
mixture. 


It is intended to investigate further the conditions affecting the 
explosion of methane with air. 


Tur UNIVERSITY, 
MANCHESTER. 
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CXCIX.—Action of Monochloroacetic Acid on Thi- 
carbamide and Monoalkylated Thiocarbamides. 


By Prarutta Cuanpra RAy and Francis Vito FERNANDES. 


One of us (P., 1914, 30, 140) has shown that whenever mercuric 
nitrite is treated with thiocarbamide or any other thio-compound 
which admits of the possibility of furnishing the thiol group (SH) 
by tautomeric changes, the primary reaction is of the type 


‘SH + Hg(NO,),=°(S:HgNO,) + HNO,. 

It seemed to us that clearer light would be thrown on the 
mechanism of tautomeric changes by studying the reaction of 
thiocarbamide—a typical representative of this class of substances 
—and also its substituted alkyl derivatives with monochloroacetic 
acid. The expectation has been fully realised. 

Volhard found that by the interaction of thiocarbamide and 
monochloroacetic acid, glycollylthiocarbamide was formed 
(Annalen, 1873, 166, 385). This substance is now regarded as 
y- or iso-thiohydantoin, and it is now generally admitted that 
during its formation the parent substance, thiocarbamide, assumes 
the static configuration of iminothiocarbamic acid (compare Dixon 
and Taylor, T., 1912, 101, 2502). As Volhard brought about the 
reaction by gentle heating, hydrogen chloride and water were 
simultaneously eliminated, resulting in the formation of the above 
cyclic compound. In the present paper it will be shown that by 
the interaction of the components in aqueous solution in the cold, 
condensation of the simple character represented by the following 
equation takes place: 

NH,°C(:NH)-SH + CH,Cl-CO,H = 

NH,°C(-NH):S°CH,*CO,H + HCl. 

If, however, the components are brought together in acetone 
solution in the cold, condensation of exactly the same type occurs, 
with this difference, that the hydrogen chloride which is eliminated 
is fixed by the base, with the formation of its hydrochloride. 
Glycine itself has feebly basic properties, and forms a hydro- 
chloride; the present compound is evidently a stronger base, as it 
contains an amidine group. Monomethyl- and monoallyl-thio- 
carbamides also give rise to the corresponding condensation pro- 
ducts in acetone solution, but no condensation takes place in 
aqueous solution. No sharp melting point of any of these com- 
pounds could be determined, as they all decompose, with slight 
charring, at about 200°. On examining the results of analysis, it 
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will be noticed that the purest products were obtained from the 
alkylated thiocarbamides. 

The formation of these compounds throws some light on the 
constitution and reactions of thiocarbamides. Dixon and Taylor 
(loc. cit.) state that in the formation of isothiohydantoin “the 
parent thiocarbamide has behaved as a thiourea,’ but they add 
that a compound of the type H,N-C(‘NH)-SX “is essentially un- 
stable, and there does not appear to be any reason why conjuga- 
tion with a molecule of haloid acid should render it stable.” They 
are further of the opinion that “mere dissolution in the cold by 
a non-hydrolysing solvent has no effect in producing hydrogen 
chloride ; but this is eliminated in presence of various hydrolysts.” 
The successful isolation of the hydrochlorides described in this 
paper, and that in a non-ionising solvent like acetone, disposes of 
this hypothesis. 

Moreover, Werner has shown (T., 1912, 101, 2166) that in the 
formation of formamidine disulphide, 

NH,°C(°NH)-S-S-C(°-NH)-NH,, 
by the interaction of iodine and thiocarbamide, a tautomeric 
change of the latter is involved; the halogen acid which is 
eliminated combines with the base, resulting in the formation of 
its hydriodide. It is evident that not only free halogen, but also 
a halogenated compound, which can readily part with its halogen, 
is equally effective in this respect. Another instance of the tauto- 
merism of thiocarbamide is the formation of the compound 
NH,°C(°NH)-S-CCl,-CH(OH), 
recently isolated by Sen (Proc. Asiatic Soc. Bengal, 1914) by the 
interaction of thiocarbamide and chloral hydrate (compare Coppin 
and Titherley, this vol., p. 32). 


ExPERIMENTAL, 
Formamidinethiolacetic Acid, NH,*C(°NH)-S:CH,°CO,H. 


The components, dissolved separately in water, were mixed and 
allowed to remain overnight. A white, amorphous product was 
obtained, which was well washed with cold water and dried in a 
vacuum. The substance was sparingly soluble in hot water: 

0°1849 gave 0°1831 CO, and 0°0747 H,O. C=27:00; H=4°59. 

O°0707 =~,, 12°8 e.c. Ng at 34°5° and 760 mm. N=19°64. 

01318 ,, 0°2157 BaSO,. S=22°47. 

C,;H,O,N.S requires C=26°86; H=4:47; N=20°89; S=23°89 

per cent. 

The slightly lower percentages of nitrogen and sulphur point to 
the fact that the compound was not obtained quite pure. Unlike 
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the compounds from the substituted thiocarbamides, it had a slight 
tendency to decompose. 

The hydrochloride was obtained as a white, crystalline substance 
when the components were mixed in acetone solution as before 
and left for twenty-four hours. It was freely soluble in hot water, 
and moderately so in hot alcohol: 

0°1551 gave 0°1248 AgCl and 0°2264 BaSO,. Cl=19°90; 

S =20°04. 
C,;H,O,N.S,HCl requires Cl=20°80; S=18°77 per cent. 

As the analysis indicates, this hydrochloride was also obtained 
in a somewhat impure state. 


Methylformamidinethiolacetic Acid Hydrochloride, 
NHMe-C(-NH):S-CH,°CO,H,HCI. 


The solvent used was acetone, as in the previous instance. Long, 
white needles were obtained, which were readily soluble in water: 

0°0883 gave 0°0720 AgCl. Cl=20°16. 

071406 ,, 01802 BaSO,. S=17°59. 

0°0587 ,, 82 cc. Ng at 31° and 760 mm. N=15'24. 
C,H,O,N,S,HCl requires Cl=19°24; S=17°34; N=15'17 per cent. 

The chlorine of this compound could also be estimated by 
directly precipitating it as silver chloride in aqueous solution by 
means of silver nitrate. The substance is therefore a true hydro- 
chloride. 


Allylformamidinethiolacetic Acid Hydrochloride, 
C3H;-NH°C(:NH):°S-CH,°CO,H,HCI. 


In this case, clusters of thin, white needles were obtained, which 
were soluble in water : 

0°0608 gave 0°0744 CO, and 0°0346 H,O. C=33°44; H=6°32. 

0°092 » 118 cc. Ng at 31° and 760 mm. N=14'12. 

00718 ,, 0°0518 AgCl. Cl=17°84. 

0°0823 ,, 0°0932 BaSO,. S=15°55. 

C;H,,O,N,S,HCl requires C=34°20; H=5°22; N=13°30; 
Cl=16°86; S=15°20 per cent. 
PRESIDENCY COLLEGE, 

CALCUTTA. 


2162 RAY: MAGNESIUM BORIDE AND AMORPHOUS BORON. 


CC.—Magnesium Boride and Amorphous Boron. 
By Rames Cuanpra Ray. 


Tur object of the present investigation was to determine whether, 
as Winckler (Ber., 1890, 23, 772) and Moissan (Compt. rend., 
1892, 114, 392) have suggested, there might exist borides of 
magnesium other than the boride Mg,B,. Preliminary experi- 
ments were carried out in which boron trioxide and magnesium 
powder were heated in varying proportions, and to different tem- 
peratures. However, so far as could be ascertained from the 
analyses of the products, and from the action of water and acid 
on them, no other boride could be obtained by this method. When 
a mixture of 1 part of boron trioxide was heated with 2} parts 
of magnesium powder to a red heat in a current of hydrogen for 
forty-five minutes, a product was obtained which was almost com- 
pletely soluble in dilute hydrochloric acid, and appeared, from the 
results of analyses, to consist of magnesium boride, Mg;B., and 
magnesium oxide in the theoretical proportions. If this product 
was heated to a higher temperature, or for a long time at a red 
heat, magnesium was driven off, and a mixture of amorphous and 
crystalline boron separated. Free boron was always obtained if 
excess of boron trioxide was used, and if excess of magnesium 
was employed, the product had a metallic appearance, and seemed 
to contain free magnesium. 

After completing these preliminary experiments the prepara- 
tion of magnesium boride from magnesium and boron was 
attempted, and as it was found that crystalline boron and mag- 
nesium did not enter into combination, when they were heated 
together, the experiments were carried out with amorphous boron. 
The magnesium and boron were heated together in an iron vessel, 
which was lined with a mixture of magnesia with a little boric 
acid. The vessel was fitted with a screw cap, and a rapid stream 
of hydrogen was passed through it from the commencement of 
the experiment until the apparatus had become quite cold. The 
vessel was heated to a bright red heat. 

On analysing the product of the reaction, it was found that 
it always contained from 8 to 9 per cent. of oxygen, and as the 
only possible source of this oxygen was the substance which was 
supposed to be amorphous boron, it was necessary to carry out 
a series of experiments to determine whether this was actually 
the case. 

Moissan (loc. cit.), who described a method of preparing 
amorphous boron by the reduction of boron trioxide with mag- 
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nesium powder, stated that the product contained as much as 
95 per cent. of boron. In 1909 Weintraub (7'rans. Amer. Electro- 
chem. Soc., 16, 165) carried out an investigation on the same 
subject, but as this journal was not available in Bangalore, and 
as the paper was not abstracted into other journals, I was not 
acquainted with the results of his experiments until after the 
completion of my own work. He found that the so-called 
amorphous boron always contained oxygen, and drew the con- 
clusion that it is really a suboxide. However, Weintraub’s paper 
does not contain a single complete analysis of the amorphous 
boron; and my own results and conclusions differ from his in 
certain important particulars. 

In preparing the boron the mixture of magnesium and boron 
trioxide or borax was heated in a crucible through which a rapid 
current of hydrogen was passed. After cooling, the contents of 
the crucible were treated repeatedly with hot and moderately 
dilute hydrochloric acid. The product was then washed with 
water and dried in a desiccator. Finally, the powder was placed 
in a hard glass tube, which was connected with a mercury pump, 
and heated to the softening point of the glass. The following are 
the results of the analyses, and certain particulars with regard 
to the preparation of the various samples: 


Composition 
of mixture. a. II. III. IV. 
By ods .<s0tedssce 1 1 3 3 
ME kcvccsisadesies 2} 2} 1 1 
Time of heating...... Lh. 20m. Lh. 20m. 30 m. 30 m. 
Analysis of Product. 
Boron soluble’ in 
dilute nitric acid . 67-41 64-12 75-88 64-08 
Boron insoluble in 
dilute nitric acid . 4-04 9-42 5-23 2-71 
ge aeeinie eee 3-39 7-58 2-36 11-12 
O (by difference) ... 25-16 18-88 16-53 22-09 
Composition 
of mixture. V. VI. 
WE © -sccbdacunncess cds 1 5 
PD sbaccckivcocstenetoncocs 1 4 
Time of heating ............ Lh. 40 m. Lh. 20m. 
Analysis of Product. 
Boron soluble in dilute 
nitric acid..... esibbuambaa 52-60 61-93 
Boron insoluble in dilute 
NETIC ACIC.......ccccceeeeee 20-94 3-90 
DE sccssracecdsssoceconcescnesens 7-68 9-97 


O (by difference) ..........+ 18-78 24-20 
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Weintraub does not appear to have made any distinction 
between the “amorphous boron,” which is readily soluble in warm 
dilute nitric acid, and the crystalline boron, which is always 
present in smaller or larger quantity, and is insoluble in nitric 
acid. With regard to the magnesium content of the product he 
refers to the fact that samples containing less than 1 per cent. 
of magnesium had been obtained by heating mixtures of 4 parts 
of boron trioxide with 1 part of magnesium, and to the complete 
removal of the magnesium when the “boron suboxide is re-fused 
at high temperature with boric anhydride” in the electric vacuum 
furnace. The product then obtained is said to contain 16 to 14 
per cent. of oxygen, but no analyses are given. This point will 
be discussed later. 

The object of the present investigation was to obtain amorphous 
boron, which should be free from oxygen, and, therefore, samples 
of the substance containing oxygen were heated with excess of 
magnesium, and with metallic sodium. In the first case, mag- 
nesium boride was formed, and subsequently decomposed at the 
higher. temperature employed. The final product in each case 
was crystalline boron, which was insoluble in nitric acid, and did 
not combine with magnesium to form a boride. The following 
are the results of the analysis of one sample of the crystalline 


boron: 


COCO C Hee ee Hee EH EEE EH EEE EEE EEE EE 
COCO e eee meee eee eee eee eeeeeeeeeeeese 


See ee eee eee eee eseeeseeseeeee 


Cee eee Peters eeeeeeeeeee® 


It would appear that the substance which Weintraub considers 
to be boron suboxide, and has generally been supposed to be 
amorphous boron, is really a solid solution of a lower oxide of 
boron, in boron. This view is supported by the fact that, as 
Travers and Gupta have shown, an oxide, which has the formula 
B,O;,* and is insoluble in acids or alkalis, actually exists, and also 
by the work of Louis (Diss., Stuttgart), who has shown that 
the so-called monoxide of zirconium is possibly a solid solution 
of a dioxide in the amorphous element. It is not at all im- 
probable that amorphous substances, which must be regarded as 
supercooled liquid, are only stable when they contain impurities. 
As will be shown presently, the magnesium in the substance is 
probably present as the oxide, possibly as a borite in solid solu- 
tion. If this is assumed to be the case, the atomic ratio of the 
boron, which is soluble in nitric acid, to the oxygen which is not 


* Communicated to the Royal Society. 
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combined with the magnesium, is found to have a fairly constant 
value: 


No. of experiment. I. ma ie Ww. YF VI. 
PG GI ehastbiciiisitiininnc’ 42 66 66 G61 52 52 


One would expect the results to be more concordant if the 
substance were a compound, such as a suboxide. Further, the 
existence of an oxide, BgO, does not appear to be likely. 

Fairly conclusive evidence that the magnesium is present in 
combination with oxygen, and not in combination with boron, is 
derived from certain experiments, which were carried out with 
the view of testing Weintraub’s statement that the magnesium 
could be removed by fusion with boron trioxide. Two samples 
of the amorphous boron were taken for these experiments, one of 
them containing a small, and the other a large, proportion of 
crystalline boron. The following are the results of the experi- 
ments : 

Experiment A. 


Before fusing with After fusing with 


boron trioxide. boron trioxide. 
Boron insoluble in HNQ,............ 2-71 3-12 
Boron soluble in HNQ,...........++++ 64-08 77-35 
TE diguipsenbssouesndbassasneipniaisenses 11-12 0-58 
© (by GiMewenes) nc ccccccsecceceesees 22-09 18-95 
Ratio B/O (combined with B)...... 6-10 6-02 


Experiment B. 


Boron insoluble in HNO,..........++ 20-94 20-18 
Boron soluble in HNO,...........+++ 52-60 58-41 
TEL <anquspninendenveanpnennennibatiienitaiits 7-68 3°23 
O (by difference) ........secccscsseees 18-78 18-18 
Ratio B/O (combined with B)...... 5-20 5:30 


In calculating the value of the ratio B/O (combined with B), 
it is assumed that the magnesium is present in both cases as the 
oxide MgO. As this ratio remains practically unchanged, even 
when nearly the whole of the magnesium has been removed, it 
it obvious that the removal of the magnesium must have been 
accompanied by the removal of oxygen, that these two elements 
were present in the system in combination, and that the mag- 
nesium was not present as a boride. That the magnesium is not 
removed by heating the amorphous boron with hydrochloric acid 
in a sealed tube to 150°, whilst it is readily removed by fusion 
with boron trioxide, may be explained by the fact that the rate 
of diffusion of the magnesium oxide in the “solid” solution is 
very much greater at the higher than at the lower temperature. 

It should, furthermore, be pointed out that on heating the 
samples of boron which were prepared from borax they evolved 
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a considerable quantity of hydrogen, but that the loss of weight 
on heating was only equivalent to the weight of hydrogen lost. 
The atomic ratio of the hydrogen to the total oxygen is in the 
first case 1/1°3 and in the second case 1/3. In both cases the 
atomic ratio of the boron soluble in nitric acid to the total oxygen 
is the same, namely, 5°2, and this, together with the fact that 
the loss of weight is equal to the weight of the hydrogen lost, 
makes it probable that the hydrogen is actually occluded in the 
substance, and is not originally present as water. Thus from 
1 gram of substance there was obtained, in the case of No. V, 
0°009 gram of hydrogen, and 0°004 gram in the case of No. VI. 
The samples of boron prepared from boron trioxide gave off only a 
trace of gas. 

It will be observed that both the samples of amorphous boron 
which yield hydrogen on heating contain a large quantity of 
crystalline boron, and that it is the crystalline boron which 
occludes the hydrogen appears, from the following experiment, to 
be highly probable. A quantity of amorphous boron, containing 
about 3 per cent. of crystalline boron, which yielded only a trace 
of hydrogen when heated, was heated strongly with a small quan- 
tity of magnesium, and the residue, after treating with hydro- 
chloric acid, and washing with water, was dried in a vacuum 
overnight. The residue, containing 30 per cent. of crystalline 
boron, was dried in a desiccator for a day, and the quantity of 
hydrogen which was given off on heating was determined. 
Further determinations of the quantity of hydrogen evolved on 
heating were made after sixteen and seventy-two days. The 
following are the results of the experiments: 

Quantity of hydrogen 


Time. per cent. 
BRN daicbaicanacssncsivbascdeauss 0-52 
SUM «id eincidwinnmicanucadiness 0-46 
TP Gk  bhsnennnenanenennsscateses 0-34 


As might be expected the occluded hydrogen is slowly oxidised 
when the boron is exposed to the air. 


Magnesium Boride. 


As it was found that no change took place when crystalline boron 
was heated with magnesium, that it was impossible to obtain 
amorphous boron free from oxygen, and that magnesium boride 
decomposed when heated strongly into magnesium and boron, it 
was obviously impossible to obtain the boride in the pure state, 
but only a mixture of the boride with magnesium oxide and a 
small quantity of crystalline boron. However, by investigating 
the reaction between magnesium and the amorphous boron, and 
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making a series of analyses of the products, it was possible to 
arrive at a definite conclusion as to the composition of the one 
boride which appears to exist. 

In these experiments the samples of amorphous boron I and 
III, of which the analyses are given above, were employed. The 
brown powder was packed tightly between two layers of mag- 
nesium powder into the magnesia-lined iron crucible. The cover 
was then screwed on to the crucible, which was heated to a red 
heat for about half-an-hour, a rapid current of hydrogen being 
passed into it from the commencement of the experiment until 
the apparatus was cold. The crucible was then opened, and the 
mass of boride was separated without difficulty from the two 
plates of metallic magnesium which lay above and below it. It 
was then crushed and analysed. The following are the results 


of the analyses: 
ai. FUER IV. Vi 

Insoluble in nitric acid +82 2-42 1-03 0-76 0-76 
Insoluble in hydrochloric acid . “86 2-48 1-10 0-80 — 

Magnesium . 74-48 73°33 72-99 74-13 
Boron soluble in nitric acid . 14-82 16-76 18-48 18-76 
Oxygen (by difference) ° 8-28 8-88 7:77 6-35 


Magnesium as oxide 3:26 12-42 13-32 11-64 9-51 


Magnesium as boride, or as metal 
(A) . 62:06 60-01 61:35 64-62 
Boron as boride (/) . 14-82 16-76 18-48 18-76 


Ratio 4/B ; 19/1 16/1 1-5/1 15/1 
In this series of experiments it will be observed that the 
difference between the amount of the residue insoluble in nitric 
acid and of the residue insoluble in hydrochloric acid is extremely 
small, showing that the whole of the boron was present either as 
boride, or as crystalline boron. It is, therefore, certain that not 
more than 1°5 gram-atoms of magnesium is required to combine with 
1 gram-atom of boron. Further, when the ratio A/B rose much 
above 1°5, as in the case of experiment No. II, the residue had a 
metallic appearance, and obviously contained metallic magnesium. 
In order to determine whether a boride containing less mag. 
nesium than the compound Mg;B, could exist under the con. 
ditions under which these experiments were carried out, samples of 
product No. II were heated for increasing periods in a vacuum in 
quartz tubes. The following are the results of the experiments: 


IIa. IIb. Le. 
251 460 855 
2:48 630 12-23 
72:44 68-02 63-10 
1516 16-65 15-23 
9:89 10:73 13-12 
14:82 16-08 19-68 
57-62 51:94 43-42 
15-16 14:90 13-55 
1-7/1 1-59/L—-1-47/1 
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The results of these experiments show that on heating in a 
vacuum such a mixture, for which the value of the ratio A/B is 
much greater than 1°5, magnesium volatilises, but that, at first, 
the quantity of free boron does not increase. When, however, 
the value of the ratio falls to the neighbourhood of 1°5, the quan- 
tity of crystalline and amorphous boron in the mixture begins to 
increase rapidly. It may, therefore, be concluded that under the 
conditions of temperature and pressure at which the experiment 
was carried out, no boride of magnesium other than the com- 
pound Mg,B, can exist. 


Conclusions. 


(1) The element boron has only been obtained in one form in 
a state approaching purity, namely, that of a crystalline substance 
which is practically insoluble in nitric acid. 

(2) Weintraub’s conclusion that the so-called amorphous boron 
always contains a considerable quantity of oxygen has been 
confirmed, 

(3) It appears probable that the so-called amorphous boron is 
a solution of a lower oxide of boron and of magnesium oxide, 
possibly in combination as a borite, in elementary boron in the 
amorphous or superfused liquid state. The magnesium oxide may 
be removed by fusion with boron trioxide, but not by heating 
with acids. 

(4) On heating crystalline boron with magnesium no reaction 
takes place, but on heating the so-called amorphous boron with 
magnesium, a mixture of magnesium boride (Mg,B,) and mag- 
nesium oxide is obtained. 

(5) At a red heat and under normal pressure only one boride 
having the formula Mg,B, is formed. 

(6) On heating the boride, magnesium is driven off and the 
greater part of the boron separates in the crystalline state. 

DEPARTMENT OF GENERAL CHEMISTRY, : 
INDIAN INSTITUTE OF SCIENCE, 
BANGALORE, INDIA. 


ACTION OF MAGNESIUM PHENYL BROMIDE, ETC. 2169 


CCI.—The Action of Magnesium Phenyl Bromide 
on Derivatives of Phenyl Styryl Ketone. 


By Ipa Smeptey MacLean and Sipyt Tarte WIppows. 


In an investigation which had for its object the preparation of 
an optically active compound, we desired as starting materials the 
p-ecarbethoxy- and pdimethylamino-derivatives of 8-dipheny]l- 
propiophenone. It was expected that these substances would be 
produced by the action of magnesium phenyl bromide respectively 
on the pcarbethoxy- and pdimethylamino-derivatives of phenyl 
styryl ketone. These reactions have therefore been carried out 
and the products investigated. As the behaviour of these sub- 
stances in subsequent reactions did not lead to the results antici- 
pated, it has been found necessary to modify our original scheme, 
and we desire therefore at this stage to record the properties of 
the substances prepared in the course of this investigation. 

The action of unsaturated ketones with the Grignard reagent 
has been extensively studied by Kohler and his co-workers. He 


finds that in compounds containing the grouping >C:C-C:0, the 
addition of the magnesium compound may take place in two ways, 
namely, (a) by afB-addition, leading to the formation of an un- 
saturated alcohol, 

CHX:CH:CY:O0 —> CHX:CH:CRY-OMgBr — 

CHX:CH-CRY-OH, 

or (b) by ad-addition, leading to the formation of a saturated 
ketone, 

CHX:CH-CY:O —> CHXR:CH:CY-OMgBr —> 

CHXR-CH,:CY°:0. 

As the result of the investigation of a large number of these 
compounds, Kohler (Amer. Chem. J., 1907, 38, 511) concludes 
that the mode of addition to substances containing the chain 
>C:C-C:0 is affected more by the number and arrangement of 
the hydrocarbon residues in the ketone than by their chemical 
character; on the other hand, the relation between the mode of 
addition and the nature of the magnesium compound is less easily 
determined, but from the results obtained by the action of various 
magnesium compounds on styryl ethyl ketone, Kohler suggests that 
the mode of addition to any given ketone depends more on the 
chemical than on the spatial character of the hydrocarbon residues 
contained in the magnesium compound. 

The action of magnesium phenyl bromide on phenyl styryl 
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ketone was investigated by Kohler (Amer. Chem. J., 1903, 29, 
352; 1904, $1, 642), who showed that the product consisted of 
diphenylpropiophenone. Addition of the magnesium compound 
had therefore taken place in the ad-position. 

We expected, therefore, that the action of magnesium phenyl 
bromide on phenyl pcarbethoxystyryl ketone and on phenyl 
p-dimethylaminostyryl ketone would take place similarly, and that 
in each case the saturated ketone would be formed. The possi- 
bility that the carbethoxy-group in the benzene nucleus might also 
react was not excluded, and a diminished yield of the desired 
ketone in this event might be expected. We find, however, that 
whereas the main product of the reaction with phenyl 
p-carbethoxystyryl ketone is a saturated ketone (the reaction being 
therefore similar to that with phenyl styryl ketone itself), in the 
case of phenyl p-dimethylaminostyryl ketone the product is un- 
saturated, and the addition of the magnesium compound appears 
therefore to have taken place in this case in the af-position, the 
final product being the unsaturated alcohol. 

CO,Et’C,H,-CH:CH-CPh:0 —> 

CO,Et-C,H,;CHPh:CH:CPh-OMgBr — 
CO,Et-C,H,-CHPh-CH,°CPh:0. 
NMe,°C,H,°CH:CH-CPh:0 — 
NMe,°C,H,°CH:CH:CPh,-OMgBr— 
NMe,°C,H,°CH:CH-CPh,:OH. 

In the case of the substances now investigated, therefore, the 
chemical nature of the substituent appears to exercise a consider- 
able influence on the mode of addition, and the electronegative 
character of the groups to be a factor of considerable importance 
in determining whether addition shall take place in the aB- or 
the ad-position. In each case the carbethoxy- and dimethylamino- 
groups occupy the para-position, and the difference in the size of 
the groups -‘C,;,H,NMe, and -C,H,°CO,Et can hardly be sufficient 
to account forthe marked difference in the nature of the reaction 
observed. It seems difficult, therefore, to explain the results now 
described by the phenomenon of steric hindrance, the chemical 
nature of the substituents in the phenyl nucleus being here, appar- 
ently, a factor of considerable importance. 

We propose to investigate further the effect of the substituted 
amino-group on the reaction of unsaturated ketones with the 


Grignard reagent. 
EXPERIMENTAL. 


The p-cyanobenzaldehyde required for the preparation of phenyl 
p-carbethoxystyryl ketone was obtained from toluene by the 
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series of reactions previously carried out by Mellinghoff (Ber., 
1889, 22, 3208) and Reinglass (Ber., 1891, 24, 2421), employing 
the improved method of oxidation of Moses (Ber., 1900, 33, 2624) 


Phenyl pCyanostyryl Ketone. 


This compound was prepared by condensing p-cyanobenzaldehyde 
with acetophenone in the presence of alkali, 

CN-C,H,-CHO + CH;°CO-C,H, = 

CN-C,H,°CH:CH-CO-C,H,; + H,O. 

Sixteen grams of pcyanobenzaldehyde were dissolved in 150 c.c. 
of alcohol, and 15 grams of acetophenone added. The alcoholic 
solution was heated to 40°, and 20 grams of a 10 per cent. solution 
of sodium hydroxide were added, the whole being well stirred. 
The solution became deep yellow, and almost immediately the 
condensation product began to separate. The solid was collected 
and washed with alcohol, when 26 grams of the crude product 
were obtained, being a yield of 90 per cent. of the theoretical. 
After three recrystallisations the substance separated in colourless 
masses of branched needles, and melted at 156—157°: 

0°1720 gave 0°5190 CO, and 0°0784 H,O. C=82°38; H=5-06. 


01940 ,, 10°2 c.c. Ny (moist) at 14° and 761°5 mm. N=6°2. 
C,,H,,ON requires C=82°40; H=4°72; N=6:0 per cent. 
On allowing the mother liquor obtained from the crude phenyl 
p-cyanostyryl ketone to remain, a small amount of a colourless 
substance separated, which was not further investigated. 


Phenyl p-Carboxymethylstyryl Ketone, 
CO,Me-C,H,°-CH:CH:-CO:C,H;. 


The hydrolysis of the cyano-group and the esterification of the 
carboxyl group were effected by passing a current of hydrogen 
chloride through a hot alcoholic solution of phenyl p»cyanostyryl 
ketone. 

Ten grams of this compound were dissolved in about 200 c.c. of 
methyl alcohol in a flask fitted with a reflux condenser, and into 
this solution, heated on a water-bath, a current of dry hydrogen 
chloride was passed for eight hours. On remaining overnight a 
crystalline precipitate separated, which, when recrystallised twice 
from alcohol, gave colourless needles, sparingly soluble in ether, 
and melting at 121—122°: 

0°1884 gave 0°5320 CO, and 0°0848 H,O. C=77°01; H=4'99. 

01913 ,, 05358 CO, ,, 0°0898 H,O. C=7638; H=5-21. 

C,,H,,0, requires C=76°69; H=5°26 per cent. 
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Similarly, the ethyl ester was prepared from the solution of the 
ketone in ethyl alcohol. After twice recrystallising from alcohol, 
colourless plates, melting at 83—84°, were obtained. These were 
rather more soluble in ether than the corresponding methy] ester: 


0°1527 gave 0°4344 CO, and 0:0800 H,O. C=77'50; H=5°81. 
C,3H,,0; requires C=77:14; H=5°71 per cent. 


p-Carb ethoxy-BB-diphenyl promophenone, 
CO,Et-C,H,-CH(C,H,;)*CH,*CO-C,H;. 


This substance was prepared by the action of magnesium phenyl 
iodide on phenyl p-carbethoxystyryl ketone. As the result of a 
large number of experiments, in which the proportion of the 
Grignard reagent was varied, it was found that the best result was 
obtained when two molecules of magnesium phenyl bromide were 
taken to one molecule of the ketone. With one molecule of the 
Grignard reagent, a considerable part of the ketone remained un- 
attacked, whilst the yield of the product was not improved by 
adding a larger excess of the Grignard reagent. The reaction was 
also carried out in benzene and in amyl] ether solution, but the 
results were less successful than with ether. It was found most 
advantageous to add the Grignard reagent to the ethereal solution 
or suspension of the ethyl ester, heated on the water-bath. 

Ten grams of the ethyl ester were added to 150 c.c. of ether, 
and the solution was warmed on the water-bath ; magnesium phenyl 
iodide, prepared from 5°64 grams of magnesium and 15°5 grams 
of iodobenzene, was slowly run in with constant shaking. (Three 
times the calculated quantity of magnesium was taken, as recom- 
mended by McKenzie and Martin, T., 1913, 103, 113, and 
Schmidlin and Massini, Ber., 1909, 42, 2381.) After the addition 
of the Grignard reagent, the heating was continued for about 
three-quarters of an hour, when the product was decomposed by 
the addition of ice and dilute sulphuric acid, and the ethereal solu- 
tion separated. After distilling off the ether, the residue was 
distilled in a current of steam to remove excess of iodobenzene and 
diphenyl. The product, after steam distillation, was extracted 
with ether, the ethereal solution dried and distilled, and the resi- 
due left over sulphuric acid in a vacuum desiccator. The yellow, 
viscous mass was very soluble in all the ordinary organic solvents, 
and resisted all attempts at crystallisation. 

Analysis of different specimens of the substance obtained under 
different conditions gave the following results: 


C=81°'6, 82°07, 82°48, and 81°6. H=6°20, 6°20, 6°18, and 6°14. 
Cy,H0, requires C=80°44; H=6'14 per cent. 
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The viscous substance was therefore not pure, and probably 
contained small quantities of other by-products capable of being 
formed by the Grignard reagent reacting with more than one 
group of the molecule. 

The viscous mass, containing p-carbethoxy-88-diphenylpropio- 
phenone, was heated with a 10 per cent. solution of alcoholic 
potassium hydroxide on a water-bath for ten minutes. The alcohol 
was distilled off, the residue cooled, diluted, and filtered from a 
slight amount of oily substance. To the filtrate was added excess 
of dilute hydrochloric acid, when a white precipitate of the corre- 
sponding acid separated. This was dissolved in sodium carbonate 
solution, from which the sparingly soluble sodium salt separated. 
This forms silky needles, melting at 124—125°. The potassium 
salt is also sparingly soluble, but dissolves more readily than the 
sodium salt. 

The acid, reprecipitated from the salt and crystallised from 
dilute alcohol, separated in clusters of transparent needles, melt- 
ing at 184—185°. The yield of purified acid was between 10 and 
15 per cent. of the theoretical amount: 

0°1235 gave 0°3624 CO, and 0°0651 H,O. C=80°29; H=5°84. 

CooH,,03 requires C=80°00; H=5-45 per cent. 

The molecular weight was determined by ignition of the silver 
salt : 

0°4666 gave 0°1554 Ag. M.W.=329°67. 

C,.H,,0, requires M.W.=330. 

The formation of a semicarbazide showed that the carbonyl 
group was also present. 

The acid (0°4 gram) was heated in alcoholic solution with the 
calculated quantity of semicarbazide hydrochloride and sodium 
acetate. After some time a white precipitate separated, which 
melted at 216—-217°. It was sparingly soluble in alcohol, benzene, 
or ether, and was best recrystallised from acetone. The purified 
substance melted and decomposed at 220—221°: 

0°1146 gave 0°3004 CO, and 0°0584 H,O. C=71'49; H=5°60. 

0°0704 ,, 67 cc. Ny (moist) at 19° and 758 mm. N=10°92. 

C.3H.,0,N, requires C=71'31; H=5°42; N=10°85 per cent. 

The acid, when tested with bromine in alcoholic solution and 
with potassium permanganate solution, behaved as a saturated 
compound. 

Phenyl p-Dimethylaminostyryl Ketone. 


This compound was prepared by condensing p-dimethylamino- 
benzaldehyde with acetophenone in the presence of sodium 
methoxide in alcoholic solution. 
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Equimolecular proportions of »dimethylaminobenzaldehyde and 
acetophenone were dissolved in alcohol, and one molecular propor- 
tion of sodium methoxide in methyl-alcoholic solution was added. 
The whole was heated for a few minutes and allowed to remain 
overnight, when a copious mass of the condensation product 
separated. On recrystallisation from alcohol, orange-coloured 
crystals were obtained, melting at 113—-114° (compare Sachs and 
Lewin, Ber., 1905, 35, 3576). From the mother liquors two other 
substances were isolated; after the removal of the greater part of 
phenyl pdimethylaminostyryl ketone, pale yellow crystals 
separated, which on repeatedly recrystallising from alcohol were 
obtained in colourless, glistening crystals, melting at 124—125°. 
These are not described as occurring in the preparation of phenyl 
p-dimethylaminostyryl ketone given by Sachs and Lewin (loc. cit.) : 
0°1880 gave 0°5596 CO, and 0°1116 H,O. C=8117; H=6°59. 
071793 ,, 64 c.c. N, (moist) at 11° and 750 mm. N=4°20. 
C,;H,;O.N requires C=80°86; H=6°73; N=3°77 per cent. 
The substance has therefore probably the constitution 
NMe,°C,H,-CH(CH,"CO-C,H;)., 
being formed by the condensation of two molecules of acetophenone 
with one molecule of dimethylaminobenzaldehyde. It failed, how- 
ever, to give a semicarbazide when warmed with the equivalent 
quantities of semicarbazide hydrochloride and sodium acetate. 
The remaining substance which was separated was formed only in 
small amount; it was insoluble in alcohol, and has not been further 
investigated. 


Diphenyl-p-dimethylaminostyrylearbinol, 
NMe,°C,H,°CH:CH:-CPh,:OH. 


This substance was prepared by the action of magnesium phenyl 
bromide on phenyl pdimethylaminostyryl ketone. It was found 
that the best result was obtained by adding a largé excess of the 
Grignard reagent (three times the calculated amount) to the amino- 
compound dissolved or suspended in boiling ether. The reaction 
seemed to be complete at the end of about one hour, the ethereal 
solution being kept boiling throughout. 

On first adding the Grignard reagent a crimson colour was pro- 
duced, which gradually disappeared as the reaction progressed, 
until finally a nearly colourless solution was obtained. The mix- 
ture was then cooled, and ice and dilute sulphuric acid were added. 
On addition of the acid a violet colour was produced, and the 
liquid separated into three layers, namely, (1) an ethereal, (2) an 
aqueous, and (3) a deep red, oily layer. The latter, which was 
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insoluble in ether, contained the sulphate of the product required. 
It was several times shaken with ether to remove the excess of 
bromobenzene and any diphenyl formed. On allowing the oil so 
obtained to remain in contact with dilute sulphuric acid, diphenyl- 
p-dimethylaminostyrylcarbinyl sulphate separated in colourless, 
shining plates. If the oil is at once treated with excess of sodium 
carbonate solution, the free base separates as a white solid. This 
was extracted with ether, the ethereal solution dried and 
evaporated, and the yellowish-white solid which was left recrystal- 
lised several times from alcohol. It was also purified by distilla- 
tion under diminished pressure; a yellow, viscous liquid passed 
over at 297—300°/15 mm., which solidified on cooling to a yellow 
solid, and after three recrystallisations from alcohol this furnished 
colourless needles, melting at 100°. The yield was 37 per cent. of 
the theoretical : 


0°1894 gave 0°5846 CO, and 0°1220 H,O. C=8417; H=7'15. 
01314 ,, 5°25 c.c. Ny (moist) at 16° and 768°4 mm. N=4'7. 
C.3H,,0N requires C=83°89; H=6'99; N=4-25 per cent. 
The above substance failed to give a semicarbazide. In alcoholic 
solution, one molecular proportion of bromine was readily absorbed 
at the ordinary temperature. In acid solution it readily de- 


colorised a solution of potassium permanganate in the cold, and in 
alcoholic solution rapidly reduced a cold, neutral solution of per- 
manganate. The substance therefore contains an ethylenic link- 
ing, and must be regarded as the unsaturated alcohol. The red 
colour produced by the addition of sulphuric acid to the product 
of the Grignard reaction is evidently due to a trace of an impurity, 
as the purified base gives no colour when treated with dilute 
sulphuric acid. Traces of a by-product formed in the reaction also 
produce a green fluorescence in chloroform solution, a property 
which is not shown by the purified base. 

The expense of this research has been in part defrayed by a 
grant from the Royal Society, for which we desire to express our 
thanks. 
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CCIIl.—The Constitution of the Arylidenedimethyl- 
pyrones and their Salts. 


By ALFRED ARCHIBALD Boon, ForsytH James WILSON, and 
Isripor Morris HEILBRON. 


THE constitution of 4-pyrone, the alkylpyrones and the salts which 
these substances form with acids has been fully investigated, both 
from the chemical and from the spectrographic point of view. From 
purely chemical considerations Collie (T., 1904, 85, 973) was led 
to adopt a bridged formula for dimethylpyrone and its hydro- 
chloride: 


Te-C ’Me-C 
—- — goMe: _ 
i — C Om HOCI— 
oMe:cH” \cMe: CH” 
(I.) 
in place of the formule: 
CMe:CH~,,, H CMe:CH~,, 
O<ome:cH? cl? °<cMe:cH? © 
(II.) 
which were at that time generally ascribed to the base and its 
hydrochloride. 


The spectrographic investigations of these substances by Baly, 
Collie, and Watson (T., 1909, 95, 144) also favoured bridged 
formule for the pyrones and their salts with acids. If dimethyl- 
pyrone possessed the unsaturated structure as represented by 
formula II, it would be expected to show strong selective absorp- 
tion: a glance at Fig. 1 (dash curve I), where we have reproduced 
the absorption curve of dimethylpyrone, shows that the absorp- 
tion is merely of a general character, which is in agreement with 
the bridged structure for this compound. 

On the other hand, the absorption of the pyrones in the presence 
of sodium ethoxide and also the alcchol compound of dimethyl- 
pyrone (Fig. 1, dash curve II), exhibit strong selective absorption. 
In order to account for these changes, the additive compounds are 
represented by the following formule: 


OMe:CH H OMe:CH 
nao “Gyo CO BLO? O<\cMe:cH> © - 


In a recent paper (P., 1914, 30, 205) one of us has shown that 
dimethylpyrone can be condensed with aldehydes forming arylidene- 
dimethylpyrones, coloured basic compounds, from which, by the 
action of acids, intensely coloured salts can be obtained. 

A spectrographic examination of these arylidenedimethylpyrones 
and their salts has been undertaken, and also that of bis(aB-di- 
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bromoanisylmethyl) pyrone, the preparation of which is described 
at the end of this paper. The results of this investigation throw 
light, we believe, on the constitution of the various compounds in 
question, and indicate also the nature of the reaction taking place 
when dimethylpyrone is condensed with an aldehyde in the presence 
of an alcoholic solution of sodium hydroxide. 

Figs. 1 and 2 show the absorption curves of these arylidenedi- 
methylpyrones. All are very similar in type, a broad, well-defined 
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Full curve I.: Bis(anisylidenemethyl)pyrone in alcohol. 

‘3 »» Ll.: Tetrabromo-derivative in alcohol. 
Dot curve : ii = 40 + excess of sodium ethoxide. 


”? 99 
Dash curve I.: Dimethylpyrone (reproduced). 
‘9 »» Il.: Alcohol compound of dimethylpyrone (reproduced). 


band with head at 1/A 3000—3200 being exhibited by each in 
M/10,000-solution. It will be seen, moreover, from Fig. 1 that 
the absorption curves of these pyrones are similar to that obtained 
by Baly, Collie, and Watson (Joc. cit.) for the alcohol compound of 
dimethylpyrone, the higher degree of unsaturation and the greater 
molecular weights of the arylidenedimethylpyrones accounting for 
the shift towards the red end of the spectrum. Hence, we are forced 
to the conclusion that whilst dimethylpyrone doubtless possesses a 
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bridged structure, the compounds examined by us are of the 
symmetrical unsaturated type: 

C(CH:CHR):CH 

O<C/ HICH R):cH> C°: 
Fie. 2. 
Oscillation frequencies. 
18 2000 22 24 26 28 3000 32 34 36 38 4000 42 
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Upper curves. 

Full curve : Bis(anisylidenemethyl)pyrone in acetic acid. 

Det , : Formate in alcohol. 

UO” Hydrochloride in alcohol. 

Dot and dash curve : - 3, chloroform. 

Lower curves. 

Full curve L. : Bis(benzylidenemethyl)pyrone in alcohol. 
Dash curve: Hydrochloride in alcohol. 
Dot and dash curve: Bis(benaylidenemethyl)pyrone in sulphuric acid. 
Full curve II. : Bis( furfurylidenemethyl)pyrone in alcohol. 
Dot curve: Hydrochloride in alcohol. 


In order to explain the mechanism of the condensation of 
dimethylpyrone with aldehydes in the presence of alcoholic sodium 
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hydroxide, the first action appears to be the formation of the 
sodium ethoxide compound of dimethylpyrone, a symmetrical struc- 
ture being thereby produced. 

In consequence of the symmetry of the molecule both of the 
methyl groups are simultaneously attacked by the aldehyde, with 
the production of a bis(arylidenemethyl)pyrone. As already indi- 
cated in the previous paper, all attempts to cause only one methyl 
group to react with a given aldehyde were unsuccessful, and this 
can be explained only on the assumption of a symmetrical structure 
of the molecule. The following scheme would represent according 
to our views the course of this reaction: 


CMe-CH ’ 
oF ra) No +nemmen Nar, 9 OMe.CH 0 


Uv EtO Me:CH 
\cMe:CH” t¢ CMe:C 


+2Ar°CHO 


- NaOH— EtOH - HO 


C(CH:CH Ar):CHx,, 
O<C\CH:CHAN:CH>CO ' 

It is noteworthy that Staudinger (“Die Ketene,”’ Stuttgart, 
pp. 63, 115) found that, owing to the presence of the carbonyl 
group, dimethylpyrone reacts with diphenylketen, although with 
difficulty. 

The spectrographic examination of the salts formed by the action 
of acids on these arylidenedimethylpyrones has led us to the con- 
clusion that these salts have a constitution quite similar to that 
of the parent compounds. The hydrochloride, for example, would 
be represented by the formula I, but it should be noted that with 
excess of hydrochloric acid a dihydrochloride (II) might possibly 
be formed. 

H C(CH:CHAr):.CH 

o> O<o(oH:oH asco CO 

(I.) 
H C(CH:CHAr):CH~,,-,~H 
o> O<c\CH:cHAn CH COS oy 
(II.) 

In Fig. 2 (upper curves) are shown the absorption spectra of 
bis(anisylidenemethyl)pyrone in alcohol, and also the curves of 
various salts of this substance. In the presence of acetic acid no 
alteration in the absorption takes place, whilst, on the other hand, 
the hydrochloride of this substance shows two absorption bands, 
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one practically identical with that exhibited by the parent sub- 
stance and one of very small persistence with head at 1/A 2200, to 
which may be assigned the characteristic colour of the salt. It 
was found when examining these salts in alcoholic solution that a 
large excess of acid was necessary to ensure complete salt-formation 
and obtain the two bands. The absorption curve of the sulphuric 
acid salt is similar to that of the hydrochloride, whilst the yellow 
formate (dot curve) shows an absorption curve with only one band, 
but further into the red than the acetate. The iower curves repre- 
sent the absorption spectra of bis(furfurylidenemethyl)pyrone, 
bis(benzylidenemethyl)pyrone, and some of their salts. In the case 
of the latter compound, which is evidently less basic than either 
of the other two pyrones, complete salt-formation with appearance 
of the two characteristic bands was obtained in photographing only 
in pure sulphuric acid. 

The addition of four atoms of bromine to the unsaturated side- 
chains in bis(anisylidenemethyl)pyrone produces a very marked 
change in the type of absorption curve, as is evident from a glance 
at Fig. 1. It will, moreover, be seen that as regards general absorp- 
tion this tetrabromo-derivative corresponds with dimethylpyrone, 
hence we ascribe the bridged structure: 


VAN 
Me0-0,H,-CHBr-CHBr-@ | 0-CHBr-CHBr-0,H,-OMe 
i | 
Hc ? CH 


\4 
G 


to this compound. 

So far no salts with acids have been obtained from this sub- 
stance, and the addition of hydrochloric acid produced no altera- 
tion in the absorption curve; the presence of the bromine atoms 
evidently tends to make the whole molecule too acidic for salt 
formation with acids. A similar case is afforded by diacetyldi- 
methylpyrone, which, as was pointed out by Collie (T., 1904, 85, 
971), yields no salts with acids. It would seem, therefore, that the 
bridged structure is possessed by pyrones of an acidic or weakly 
basic nature ; thus, according to Baly, Collie, and Watson (loc. cit.), 
dimethylpyrone, diacetyldimethylpyrone, and ethyl chelidonate all 
possess the bridged structure. On the other hand, the arylidene- 
dimethylpyrones examined by us are undoubtedly more basic, 
easily yielding, as they do, salts with acids, and we venture to 
suggest that it is the basic character which conditions the sym- 
metric structure. 

A further proof that the arylidenedimethylpyrones are more basic 
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than any compounds of this type hitherto examined is afforded by 
the fact that bis(anisylidenemethyl)pyrone apparently yields no 
compound with sodium ethoxide ; even a large excess of this reagent 
produced no change in the absorption curve. The tetrabromo-addi- 
tive compound, however, being acidic, gave indications of the forma- 
tion of a sodium ethoxide compound ; the absorption curve in pres- 
ence of a large excess of sodium ethoxide is shown in Fig. 1 (dot 
curve), where it will be noticed there is a large step-out in the 
same position as the characteristic band of the bis(arylidenemethy])- 
pyrone. An alteration from the bridged to the open unsaturated 
structure as expressed in the following scheme: 
Na OEt 
J 
O 
\ gf 
C-C,H,OBr, +808" C,H,OBr,C — C-C,H,OBr, 
CH HC CH 
a 
C 


- 
would account for the change in the absorption curve, and would 


be paralleled by the change which dimethylpyrone undergoes in the 
presence of a large excess of sodium ethoxide. 


Bis(aB-dibromoanisylmethyl)pyrone, 
O 


VAN 
Mc0-C,H,CHBr-CHBr-O | 0-CHBr-CHBr-O,H,-OMe 
| 
Hc % GH 
\IZ 
C 


Two grams of the parent substance were dissolved in 40 c.c. of 
dry chloroform, and to this solution an amount of dry bromine far 
in excess of the calculated quantity was gradually added. On the 
solvent being allowed to evaporate gradually in a current of dry 
air a red cake was obtained. This was ground with alcohol, and 
then heated on a water-bath after the addition of more alcohol. 
An oil was thus collected, which solidified after some time. The 
solid was ground up, washed well with alcohol, and dried on a 
porous plate: 

0°1306 gave 0°1448 AgBr. Br=47'12. 

C,3Hj0,Br, requires Br= 47°05 per cent. 

This tetrabromo-derivative is a yellow, amorphous compound, 
which melts and decomposes at 134—136°. 

VOL. CV. 7 ¢ 
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‘One of us (Boon) is continuing this investigation, more parti- 
cularly in reference to a study of the action of bromine on arylidene- 
dimethylpyrones and a refractometric examination of some of 
these pyrones and their derivatives. 
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CCII.—p-Toluoylacetic Acid, o-Nitro-p-toluoylacetic 
Acid, and 6 : 6’-Dimethylindigotin. 
By James Cooper Durr. 


Tue work described in this paper is similar to that on o-nitro- 
benzoylacetic acid by Needham and Perkin (T., 1904, 85, 148), in 
which it was unexpectedly found that when ethyl o-nitrobenzoyl- 
acetate is warmed with concentrated sulphuric acid and then 
poured on ice, o-nitrobenzoylacetic acid was obtained, and not ethyl 
isatogenate as was expected. The sulphuric acid apparently 
produced no internal condensation between the nitro-group and the 
methylene radicle. 

Since then Perkin has found (private communication) that when 
o-nitrobenzoylacetic acid is dissolved in dilute sodium hydroxide 
solution and reduced with zinc dust it gives a quantitative yield 
of indigotin. Probably the reaction proceeds in stages as follows: 


O,H oA CH, COH _. gay, <CO-OH,00,H _, 


O,H <OOS ou. CO,H —> 0,H,<y9>cH, > 
indigotin (in presence of air). 


It was at Prof. Perkin’s suggestion that this work on the pre- 
paration of the corresponding nitro-p-toluoylacetic acid was started 
with a view to obtain 6: 6/-dimethylindigotin : 


No ‘te " 
wa! INO, CH,CO,H _. om ee o>: o< 
aa ww 
Ethyl o-nitro-p-toluoylacetate was prepared by condensing 
o-nitro-p-toluoyl chloride with the sodium compound of ethy) aceto- 
acetate, and then hydrolysing the resulting sodium derivative of 
ethyl o-nitro-p-toluoylacetoacetate with dilute ammonia solution 
and ammonium chloride. The ester is a colourless, crystalline solid, 


co." 
aj 
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and on hydrolysis gives an almost quantitative yield of o-nitro-p- 
toluoylacetic acid. 

This acid loses carbon dioxide when boiled with water, and gives 
a very good yield of o-nitro-p-tolyl methyl ketone, 


_NO, 
Me cO-CH, 


as a yellow oil. 

When o-vitro-p-toluoylacetic acid is dissolved in dilute sodium 
hydroxide solution and warmed with zinc dust it is converted into 
6:6/-dimethylindigotin. It thus behaves like o-nitrobenzoylacetic 
acid. 

6:6/-Dimethylindigotin has been prepared previously by Kuhara 
and Chikashigé (Amer. Chein. J., 1902, 27, 1) from chloroaceto- 
m-toluidide by fusion with potassium hydroxide. It is very similar 
to indigotin in its properties and its appearance, being slightly 
more soluble in solvents. 

It was found that ptoluoylacetic acid and its ethyl ester had 
not been prepared by Claisen’s method as used for ethyl benzoyl- 
acetate (Annalen, 1896, 291, 67). It was therefore thought worth 
while to include their preparation in this paper. They have been 
obtained previously by Marguery (Bull. Soc. chim., 1905, [iii], 38, 
548) by Friedel and Crafts’ reaction from toluene and the mono- 
ethyl ester of malonic acid. 

In their preparation by Claisen’s method p-toluoyl chloride was 
condensed with the sodium derivative of ethyl acetoacetate, and 
the resulting sodium derivative of ethyl ptoluoylacetoacetate 
hydrolysed : 

2CHAcNa:CO,Et + C;H,Me-COC]= 

C,H,Me-CO-CAcNa:CO,Et + CH,Ac°CO,Et + NaCl. 

C,H,Me-CO-CAcNa:CO,Et + H,O = 

C,H,Me-CO-CH,-CO,Et + CH,-CO,Na. 

A good yield of ethyl ptoluoylacetate is obtained, and it readily 

gives ptoluoylacetic acid on hydrolysis. 


d 
EXPERIMENTAL. 
Ethyl o-Nitro-p-toluoyl Acetate. 
It was necessary to prepare first o-nitro-ptoluic acid. This was 
done by nitrating aceto-p-toluidide following directions given by 
> Beilstein and Kuhlberg (Annalen, 1870, 155, 23), and then con- 


verting the o-nitro-p-toluidine into o-nitro-p-toluonitrile by Sand- 
meyer’s reaction. The nitrile was hydrolysed to o-nitro-p-toluic 
acid by heating at 150—160° with 6 parts of concentrated hydro- 


— 
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chloric acid for eight hours (Noyes, Amer, Chem. J., 1888, 10, 
472). 

A mixture of o-nitro-p-toluic acid (100 grams) and phosphorus 
pentachloride (105 grams) was gently warmed until reaction ceased, 
and the phosphoryl chloride was distilled off at the lowest possible 
temperature. The o-nitro-p-toluoyl chloride remained as a mass of 
small needles. 

Ethyl acetoacetate (66 grams) was mixed with 180 c.c. of sodium 
ethoxide solution (23 grams of sodium in 360 c.c. of alcohol), the 
whole cooled to 0°, and 40 grams of o-nitro-p-toluoyl chloride were 
added in small quantities at a time and with frequent stirring, so 
that the temperature remained below 5°. After half an hour 
90 c.c. of the sodium ethoxide solution and 20 grams of the acid 
chloride were added under the same conditions as before. The 
whole was then left for half an hour and treated with the rest of 
the sodium ethoxide and 20 grams of the acid chloride. After 
remaining overnight, the yellow precipitate, which consisted of 
the sodium compound of ethyl o-nitro-ptoluoylacetoacetate and 
sodium chloride, was collected and washed, first with alcohol and 
then with ether. 

Part of this sodium compound was added to excess of dilute 
hydrochloric acid, cooled by the addition of powdered ice, and the 
whole shaken thoroughly with ether. The ethereal solution was 
washed with a dilute aqueous solution of sodium hydrogen 
carbonate, dried, and evaporated. A yellow oil remained, which 
crystallised in plates after some minutes, and consisted of ethyl 
o-nitro-p-toluoylacetoacetate. The alcoholic solution gives a 
reddish-violet coloration with ferric chloride: 

0°2776 gave 11°5 c.c. N, at 22° and 750 mm. N=4'6. 

C,,H,;0,N requires N=4°8 per cent. 

For preparing ethyl o-nitro-ptoluoylacetate, the crude sodium 
compound obtained above, in quantities of 100 grams, was 
mixed with 25 grams of ammonium chloride and 500 c.c. of water. 
Ten c.c. of concentrated aqueous ammonia, diluted with 90 c.c. of 
water, were then added, and the whole was stirred vigorously at 
35—40° until all the sodium compound had dissolved. The solu- 
tion was cooled and acidified with hydrochloric acid after the 
addition of ice, when a pale brown oil separated, which soon 
solidified. This was extracted with ether, and the ethereal solu- 
tion shaken with a solution of the blue cuprammonium compound, 
prepared by adding ammonia in slight excess to concentrated 
copper sulphate solution. A deep green copper derivative 
separated almost completely after a few minutes’ shaking, which 
was collected and washed, first with water and then with ether. 
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This copper derivative may be recrystallised by dissolving in 
boiling toluene, from which it separates as a green powder: 


0°2220 gave 0°0300 CuO. Cu=10°8. 
(C\,H,,0;N),Cu requires Cu=11°0 per cent. 

The above copper compound was ground to a paste with water, 
mixed with powdered ice, and decomposed by shaking with dilute 
hydrochloric acid and ether. The ethereal solution was washed 
with water and then with aqueous sodium hydrogen carbonate, 
dried, and evaporated, when ethyl o-nitro-p-toluoylacetate was 
obtained in colourless plates, melting at 65—66°: 

0°3577 gave 0°7511 CO, and 0°1614 H,O. C=57:26; H=5'01. 

03126 ,, 15°4 cc. N, at 20° and 754 mm. N=5'60. 

C,,H,,0;N requires C=57'3; H=5°1; N=5°6 per cent. 

The alcoholic solution gives an orange-red colour with ferric 
chloride. The crystals dissolve readily in dilute potassium 
hydroxide solution, forming a yellow solution. When concen- 
trated potassium hydroxide solution is added to this solution there 
is precipitated the crystalline, yellow potassiwm derivative of ethyl 
o-nitro-p-toluoylacetate, NO,.*C,H,;Me-CO-CHK:CO,Et: 

0°2917 gave 0°0872 K,SO,. K=13°4. 

C,,H;,0;NK requires K=13°5 per cent. 


o-Nitro-p-toluoylacetic Acid. 


Five grams of ethyl o-nitro-ptoluoylacetate were mixed with 
10 c.c. of concentrated sulphuric acid, and the solution was kept 
at 80° for ten minutes. On cooling and adding ice, a white pre- 
cipitate of o-nitro-p-toluoylacetic acid was obtained, which was 
collected, dissolved in dilute sodium carbonate solution, and the 
filtered solution acidified with dilute hydrochloric acid. The pre- 
cipitated acid was crystallised from warm benzene, when colour- 
less needles were obtained, which melted and decomposed at 110°, 
carbon dioxide being evolved. It is readily soluble in alcohol or 
hot water, but almost insoluble in cold light petroleum. The 
alcoholic solution gives a deep red colour with ferric chloride: 

0°2511 gave 0°4921 CO, and 0°0932 H,O. C=53°5; H=4'1. 

03020 ,, 16°5 c.c. N, at 20° and 750 mm. N=6'2. 

C,,>H,O;N requires C=53°8; H=4°0; N=6°3 per cent. 

The acid, when boiled with water for five minutes, gave off 
carbon dioxide and left a yellow oil. This was extracted with 
ether, and proved to be o-nitro-p-tolyl methyl ketone. 

It is very similar to o-nitroacetophenone. When heated with 
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zinc dust and soda-lime it gave a sublimate, which was evidently 
6: 6/-dimethylindigotin, thus behaving like o-nitroacetophenone, 
which in the same way gives indigotin. 


6 :6/-Dimethylindigotin. 

o-Nitro-p-toluoylacetic acid (10 grams) was dissolved in 100 c.c. 
of 10 per cent. sodium hydroxide solution. An indigo-blue pre- 
cipitate appeared within ten minutes on keeping, and more rapidly 
when the solution was boiled. The yield of 6: 6/-dimethylindigotin 
was not more than 50 per cent., and the addition of zinc dust to 
the alkaline solution improved the yield only a little. 

6: 6/-Dimethylindigotin crystallises from aniline in small plates 
with a coppery lustre, and very similar to indigotin. (Found: 
N=9°44. C,,H,,O.N, requires N=9°65 per cent.) It may be 
sublimed under ordinary pressure with partial decomposition. It 
is very sparingly soluble in boiling alcohol with a blue colour; 
the solution in chloroform is reddish-blue, in nitrobenzene greenish- 
blue, and in paraffin wax violet. 

Its properties are given in some detail by Kuhara and 
Chikashigé (loc. cit.). 


Ethyl p-Toluoylacetate. 


The details for preparation are the same as described for ethyl 
o-nitro-p-toluoylacetate. The quantities used for preparing 
p-toluoyl chloride were 100 grams of ptoluic acid and 155 grams 
of phosphorus pentachloride, and the reaction between the acid 
chloride (70 c.c.), ethyl acetoacetate (80 grams), and sodium 
ethoxide (20 grams of sodium in 480 c.c. of alcohol) was carried 
out in stages, as in the previous case. After hydrolysis with 
ammonia and ammonium chloride, the ethyl ptoluoylacetate 
obtained (Found: C=69'7; H=6°9. C,,.H,,0; requires C=69°9; 
H=6'8 per cent.) was purified through the copper compound 
(Found, Cu=13°1. Calc., Cu=13°5 per cent.). 

On hydrolysis by warming at 80° for ten minutes with sulphuric 
acid, the ester gave ptoluoylacetic acid (m. p. 98—100°; Found, 
C=676; H=5°6. Cale., C=67°4; H=5°6 per cent.), which, on 
being heated at its melting point or boiled with water, furnishes 
p-tolyl methyl ketone, boiling at 220°/750 mm. (oxime, m. p. 88°). 


The author’s thanks are due to the Research Fund Committee 
of the Chemical Society for a grant which has in part defrayed 
the cost of this investigation. 
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CCIV.—The Chemical Constitution of Dioximines. 
By Leo ALEXANDROVITSCH TSCHUGAEV. 


SEVERAL years ago it was shown by the author that most of the 
metals belonging to the eighth group of the periodic systems form 
with the a®-dioximes (I) very characteristic complex compounds 
R’-C———C*R” (* 9 C——C-R" 
NoH NOH No N hot 2 
(I.) (II.) 

termed dioximines, and containing the general group II, in com- 
bination with the metallic atom. The dioximines are distinguished 
by their abnormal colour, and by a very high degree of stability, which 
is especially characteristic of the derivatives of platinum, palladium, 
nickel, cobalt, and rhodium (Zeitsch. anorg. Chem., 1905, 46, 144; 
Ber., 1906, $9, 2692; 1907, 40, 3498; 1908, 41, 1678, 2219, 2226; 
“Qn Complex Compounds,” Moscow, 1906; Tschugaev and Lebe- 
dinski, Zettsch. anorg. Chem., 1913, 88, 1). It may be pointed out 
that the two NO-groups, as well as the two NOH-groups making up 
the dioximino-complex above mentioned, are directly attached to the 
metallic atom, the two former exhibiting acid properties and the 
two latter showing the same behaviour as ammonia does in platos- 
ammines or in cobaltammines. These conclusions, which may be 
deduced from a thorough examination of the properties and of the 
chemical behaviour of te cobaltidioximines, having been recently 
criticised by Mr. Atack (T., 1913, 103, 1317), I will summarise 
in this paper the chief arguments in favour of my views, partly 
based on experiments not yet published. 

There are three types of the cobaltidioximines hitherto known. 
If we denote for brevity’s sake the complex 


‘a aE 
NO Non), 
as D,H, (DH, meaning a molecule of an af-dioxime), the general 
formule * corresponding with these types will be as follows: 
[Co-D,H,*2A]X [Co-D,H,-A°X] [Co:D,H,*X,|M. 
Now these compounds exhibit a very close analogy to a series of 
well-known cobaltammines. To take an instance, the salts, 
[Co-D,H,*2N Hz |X, 
of the complex base [Co-D,H,*2NH;|(OH) are very similar to the 
croceo-salts [Co-4NH,(NO,).|X; the salts of the complex acids 


* Jn these formule X stands for a negative radicle (NO., Cl, I, SCN), A for a 
molecule of NH;, NH,R, etc., and M for a monad metallic atom (K, Na, etc.). 
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{Co-D,H,(NO,),]H, [Co*-D,H,(NO,)*CN]H, [Co*D,H,(CN).]H, ete., 

are quite analogous to the well-known salts of the series 
[Co-2NH,(NO,),]M, 

and the numerous representatives of the type [Co*-D,H,-A°X] 

(A=NH;, Py, NH,Et; X=Cl, Br. I, NO,, SCN, Ng, etc.) to the 

non-electrolytes [Co-'3NH,°(NO,)<]. 

It will be seen at once from the comparison of the cobalti- 
dioximines with the analogous cobaltammines that the complex 
radicle D,H, everywhere stands for 2NH,*X,, and that conse- 
quently two NOH-groups of this complex play the same part as 
2NH, in metallammines. 

Quite similar conclusions may be drawn from the study of the 
rhodidioximines, as has been shown recently by Lebedinski and the 
author (loc. cit.). 

According to Werner’s (‘‘ Neuere Auschauungen auf dem Gebiete 
der anorganischen Chemie,” 1913) well-known theory, which 
gives at the present state of our knowledge the most perfect 
record of the chemical behaviour and of the constitution of complex 
salts and of allied compounds, and affords a very valuable means 
for their classification, molecules like ammonia, amines, water, etc., 
in such compounds are to be considered as directly bound to the 
metallic atoms by means of auxiliary valencies. Thus we have 
for the ion of the croceo-salts: 

NO, 
NH; | UNH, 
— 
NH,” | \NH, 
NO, 


4/ 
/ 


If we accept Werner’s system we are led, therefore, to represent 
the constitution of the group D,H,°M by one of the schemes: 


; AY 
NO NOH 
R:-C—C:R 
(I.) 

In the author’s opinion formula I is the more probable one 
(although the other possibility is not excluded at all), first, because 
there is a very close analogy between the dioximines and numerous 
other representatives of the important class of the so-called inner 
complex salts, for instance, the copper, nickel, platinum, palladium, 
cobalt, and chromium salts of the aamino-acids (Ley, Zeitsch. 
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Elektrochem., 1904, 10, 954; “Konstitution und Farbe,”’ 1911; 
Bruni and Fornara, Atti R. Accad. Lincet, 1904, {v], 18, ii, 26; 
Tschugaev, J. pr. Chem., 1907, [ii], 75, 153; Tschugaev and Serbin, 
Compt. rend., 1910, 151, 1361) to which the following constitution 
has been assigned : 
CH, <Goe> couch Be >CH, — CHL< Hoy n> CH, 
f Na 
CO-CH, 
This analogy is greatly strengthened by the existence of inner 
complex salts derived from 2-benzoylpyridineoxime (Tschugaev, 
Ber., 1906, 39, 3382): 


In this case the nitrogen atom of the pyridine molecule plays the 
same part as the oximino-group in the dioximines. 

A further argument claimed in favour of formula II consists in 
that the two molecules of af-dioxime which form the dioximine 
complex seemed to be almost inseparable. Until lately it was not 
possible to obtain a compound with but one molecule of a8-dioxime 
combined with a metallic atom, in striking contrast to the extreme 
facility with which the typical dioximines are formed. 

Quite recently, however,* the author succeeded in preparing a 
series of such compounds corresponding with the formule 
[PtDH,Cl,] and [PtDH,Br,.] by heating the platodioximines 
[PtD,H,] with concentrated hydrochloric and hydrobromic acids. 
The chemica] properties of these compounds having a direct bearing 
on Atack’s criticism, their behaviour will therefore be discussed. 

The formation of these compounds may be represented by the 
equation : 

[PtD,H;|+2HX =[PtDH,X,] + DHsg. 

They are crystalline substances of a brownish-red colour, insoluble 
in water and sparingly soluble in chloroform, especially at its 

* These experiments were carried out in the years 1911 and 1912 in conjunction 


with Mr. Onufriadi, Mr. Pentegov and Mr. Rumjanzev. The experimental part of 
this work will be published elsewhere. 
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boiling point. They are very stable towards acids, but react 
readily with many other substances. 

They react with one molecule of the a-dioxime DH, in neutral 
solutions, for example, on adding ammonium acetate or pyridine, 
regenerating the original dioxime: 

; [PtDH,Ci,] + DH, =[PtD,H,] +2HCl. 

Ammonia also combines with them to form very soluble and 
almost colourless substances, which seem to be salts of a complex 
base, but their composition has not yet been established owing to 
the difficulty of obtaining them in the state of purity. It is to be 
noticed that the dichloro-derivative [PtDH,Cl,] is not precipitated 
from the ammoniacal solution on addition of hydrochloric acid in 
the cold, but it is readily formed on heating the mixture. 

On the other hand, we succeeded in obtaining salts of the dibasic 
acid, [PtDH,(SO;),]H,, corresponding with dimethylglyoxime by 
the interaction of [PtDH,Cl,] and alkali sulphites: 

[PtDH,Cl,]+ 2Na,SO;={PtDH,(SO3).|Naz + 2NaCl. 

The sodium salt is a pink-coloured, crystalline substance, readily 
soluble in water. By reaction with guanidine hydrochloride the 
characteristic, comparatively sparingly soluble guanidine salt, 
[PtDH,(SO3).|C(NH,).:NH,H, is formed. With the chloride of the 
I. Reiset’s base, [Pt,4NH;|Cl,, we obtained the salt 

[Pt,4NH,] [PtDH,(SO3).|o, ete. 

From solutions of this salt the compound [PtDH,Cl,] is precipi- 
tated by acids (hydrochloric acid, etc.) only on heating, sulphur 
dioxide being evolved : 

{PtDH,(SO,),]Na,+4HCl ={PtDH,Cl,]+ 2NaCl + 280, + 2H,0. 

It appears, therefore, very probable that the constitution of these 
compounds may be represented by the formule: 

- R-C——C-R -R-O——CG-R 
| NOH NOH | NOH NOH 
| 


Pt Yt Na,, 


cs, fs, 
cl Cl SO, 80, 


the group DH, exhibiting the same iieiilie as the molecule of 
ethylenediamine (en) in [Pt en Cl,], and occupying two co-ordina- 
tion places. 

It appears from these facts that both oximino-groups of af-di- 
oximes taking part in the formation of complex compounds may 
display a basic as well as an acidic function.* 

* This conclusion being drawn from experimental facts concerning the aliphatic 
dioximes, experiments are now in progress with a view to ascertain if the same 1s 
true in the aromatic series also, 
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This conclusion is supported by the following facts established 
by Mr. Postnikov and myself some years ago. It was pointed out 
that the complex base [Co2PyD,H,|OH (Py=pyridine, DH,=di- 
methylglyoxime), corresponding with the series of salts 

[Co2Py-D,H, |X, 
is very unstable, and loses 1 molecule of water at the same time as 
it is set free on addition of sodium hydroxide to a solution of one 
of its salts: 
[Co2Py-D,H,|Cl + NaOH =[Co2Py-D,H]+ NaCl+ H,0. 

Now it is obvious that in the resulting ‘ anhydro-base,” 
[Co-2Py-D,H], three of the four oximino-groups exhibit acidic 
functions, as may be represented by the formula: 

Fy 
OMe:NO NO==CMe 
émerwo>O<you CMe" 
Py 

We may now consider the characteristic behaviour of isomeric 
a8-dioximines towards metallic salts. As it was pointed out by the 
author, it is only the syn-modifications that are capable of giving 
typical dioximines with nickel, cobalt, palladium, platinum, iron, 
and copper salts, whereas the anti- and amphi-modifications do not 
possess this property. If we assume the Hantzsch-Werner’s stereo- 
chemical hypothesis, it may be concluded from these facts that the 
possibility of dioximines being formed may exist only in the case 
of a peculiar,spacial configuration suitable for ring-formation. 

On the other hand, the differences existing between the syn-di- 
oximes and the other isomeric forms (anti and ammphz) allow us to 
distinguish these isomeric forms from each other by means of very 
simple qualitative tests. 

Now Atack observed a further difference of a more delicate char- 
acter between the anti- and amphi-modifications, the former being 
wholly incapable of forming nickel salts, whereas from the amphi- 
modification such salts may be obtained. In these salts, however, 
the nickel atom is combined with one molecule of the dioxime 
only, both the NOH-groups exhibiting acidic properties, as is 
seen from the formula: 


Moreover, these salts are not so stable as the typical dioximines, 
especially towards acids. 

It may here be remarked that Atack is incorrect in attributing 
to me the opinion that the y-(amphi)dioximes are wholly incapable 


2192 TSCHUGAEV: CHEMICAL CONSTITUTION OF DIOXIMINES. 


of giving nickel salts. All I assert with regard to this is stated 
in the following passage from my paper, cited by Atack himself: 
“Die Fahigkeit zur Bildung der charakteristischen Dioximine 
kommt nur den syn-Modifikationen, nicht dagegen den amphi- und 
anti-Modifikationen der 1: 2-Dioxime zu.” 

It is well known that the capacity of forming salts is a general 
property of oximes, and it was ascertained by the author that the 
salts of certain heavy metals are generally distinguished by a some- 
what higher degree of stability than those derived from alkali 
metals. The yellow nickel salts of the amphi-aB-dioximes obtained 
by Atack belong probably to this category of metallic salts, their 
stability being still more increased by the ring-formation, but, not- 
withstanding, they are not to be considered as typical dioximes, for 
they possess quite a different composition and a different chemical 
function. 

As to the constitution of the dioximes the experimental results 
obtained by Atack, in the author’s opinion, are by no means in 
opposition to the formule hitherto accepted for these compounds. 
On the contrary, if we assume with Atack that each molecule of 
an aB-dioxime taking part in the formation of the complex molecule 
is attached to the metallic atom by means of one NO-group only: 

R-C CR RC—C-R 
NOH NO—Ni—NO NOH’ 
the chief features of the chemical character of the dioximines remain 
altogether inexplicable, namely: 

(1) The striking analogy of the cobalti- and rhodi-dioximines to 
the corresponding cobalti-ammines and rhodi-ammines above men- 
tioned. 

(2) The fact that the dioximines are altogether incapable of 
reacting with phenylcarbylamine. The NOH-groups within the 
complex molecule cannot consequently be considered as being in the 
free (uncombined) state. 

(3) The exceptionally high degree of stability of the dioximines, 
which renders quite improbable the assumption that the NOH- 
groups do not participate in the formation of the complex molecule. 

(4) The close analogy, already alluded to, existing between 
dioximines and other inner complex salts. 

(5) The fact that the capacity of forming typical dioximes is 
confined to the af-dioximes, the ay- and ae-dioximes being without 
this property. 

As was pointed out by the present author, all these peculiarities 
of the complex dioximines can be easily explained by the cyclic 


constitution of their molecule. 
Atack concluded from his experiments that in af-dioximes one 
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NOH-group is basic and the other acidic. As we have seen, the 
facts recorded in this paper suggest, on the contrary, that these 
groups, at least in the aliphatic series, may, in different cases, exert 
basic as well as acidic properties. Even on the assumption that 
Atack’s opinion is well founded, it appears improbable from the 
data at present available that the basic variety of the oximino- 
group should not participate at all in the formation of the complex 
molecule. 


Tue UNIVERSITY, 
St. P&TERSBURG. 


CCV.—Colour and Constitution of Azo-compounds. 
Part V1. 


By Joun TuHEoporeE Hewitt, Girapys Rusy Mann, and 
Frank GEORGE Pope. 


Some years ago one of the authors of this communication suggested 
(Hewitt and Mitchell, T., 1906, 89, 19) that whilst the hydroxyazo- 
compounds and their salts are generally of the same type, the 
hydrogen of the hydroxyl group being simply replaced by metal, 
a change of molecular structure occurred when a metallic salt was 
produced by the action of a base on an azo-compound containing 
both a hydroxyl and a nitro-group situated in different nuclei and 
each in the para-position with respect to the azo-group, for ex- 
ample, pnitrobenzeneazo-a-naphthol and its potassium salt have 
structures which may be represented by the formulz 


, 
L 


J Naew:ZS: 
EO pm Bx Lp 

The question was fully discussed by Hewitt and Mitchell in a 
later paper (T., 1907, 91, 1251), new experimental evidence being 
brought forward in support of the view expressed, and several 
observations of other chemists correlated. Attention was particu- 
larly directed to Meldola’s observation that whilst most phydroxy- 
azo-compounds undergo fission on reduction, whether in acid or 
alkaline solution, p-nitrobenzeneazophenol and similarly constituted 
compounds may be reduced in alkaline solution by ammonium 
sulphide, with the formation of the corresponding p-amino-7/- 
hydroxyazo-compounds (T., 1885, 47, 659). 
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The very marked shift in the absorption which accompanies the 
conversion of p-nitrobenzeneazophenol into an alkaline salt is not 
observed when an extra nitro-group or an aldehyde residue is intro- 
duced into the molecule in the ortho-position with respect to the 
hydroxyl group, the explanation offered in this case being that 
o-quinonoid structure is set up, the salts formed possessing struc- 


tures such as 
NO, K CH: OK 


0, SwinZ S: 4 \wixZ : 
NOX pe a P. -O and NOK Pint :NZ a ee 

It will be noticed that there is no longer the saitai of both 
nuclei assuming a para-quinonoid configuration. 

Support for this view in the case of the derivatives of salicyl- 
aldehyde is afforded by the work of Hantzsch (Ber., 1906, 39, 
3080), and in the special case of pnitrobenzeneazosalicylaldehyde, 
Hewitt and Mitchell (loc. cit., p. 1257) saw strong confirmation of 
their views in the fact that whilst the alcoholic and alkaline solu- 
tions of this compound are both yellow, the corresponding pheny]l- 
hydrazone dissolves in organic solvents with a yellow colour, but 
with a bluish-purple shade in alcoholic potassium hydroxide. The 
oxygen of the ‘CHO group having been replaced by ‘N-NHPh, 
salt-formation with o-quinonoid structure is prevented, and the 
nitro-group comes into play, the potassium salt having the’ structure 

CH:N-NHPh 
<< Nene: 7S: 
KO,N: SP -N-N: ~~ :0 

An interesting lees arose in connexion with the alteration of 
structure on salt-formation. If the group -COR (R=H or alkyl) 
takes part in salt-formation when ortho to the hydroxyl group, it 
might be expected to play a part also when introduced into an 
azo-phenol in the para-position with respect to the azo-grouping, 
and one of the present authors, soon after the appearance of 
Hewitt and Mitchell’s paper, instituted experiments bearing on this 
question. It was found that the product obtained by coupling 
diazotised paminobenzophenone with a-naphthol gave reddish- 
brown solutions in alcohol, but on addition of alkali the colour 
changed to a deep purple. 

The work was not completed at the time, but in discussing the 
matter with Professor A. G. Green, one of the authors was in- 
formed that p-aldehydoazophenolic compounds underwent a similar 
marked colour change. 

The work has now been resumed, and p-aminoacetophenone and 
p-aminobenzophenone have been diazotised and coupled in each 
case with phenol, p-cresol, and a- and B-naphthols. In every case 
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the addition of alkali to the alcoholic solution has resulted in a 
marked shift of the absorption towards the red end of the spectrum. 

It has been noted above that whilst p-nitrobenzeneazosalicyl- 
aldehyde gives yellow alkaline solutions, addition of alkali to the 
alcoholic solution of the corresponding phenylhydrazone develops 
a purple colour. If our view is correct, then the effect of alkali 
on the phenylhydrazone of a pketobenzeneazophenol should be less 
marked than on the parent ketone, and a reference to Fig. 1 will 
show that this expectation has been fulfilled. The head of the 
band for pacetylbenzeneazophenol lies at an oscillation frequency 
of 2750 in alcoholic solution, whilst on rendering alkaline the head 
is shifted to 2100. Conversion of the pacetylbenzeneazophenol 
into its phenylhydrazone is accompanied by a broadening of the 
band and shifting of its head from 2750 to 2450, but when the 
solution of this phenylhydrazone is rendered alkaline, the head of 
the band is shifted only to 2300. 

Thus it is seen that whilst the band for the phenylhydrazone 
lies on the red side of that for the ketone, the positions are re- 
versed in the case of the alkaline salts. This result appears to be 
in accord with the view that the compounds and their salts have 
the constitutions 

CH,;°CO-C,H,-N:N-C,H,-OH, 

CH,°C(OK):C,H,:N-N°C,H,:0, 

CH;°C(°‘N-NH°C,H;)-C,H,:N:N-C,H,-OH, 
and 

CH,°C(°-N-NH-C,H;)°C,H,°N:N°C,H,OK. 

That a considerable displacement of the absorption also takes 
place when alkali is added to any of the »-ketobenzeneazophenols 
is apparent from the figures; it is only in the case of pacetyl- 
benzeneazophenol that the absorption spectra of the pheny]l- 
hydrazone and its alkaline salt have been measured. The prepara- 
tion of phenylhydrazones of ketones of the types described in the 
present paper presents considerable difficulty, and in some cases 
repeated attempts to bring phenylhydrazine into reaction with the 
azoketones ended in failure. 


Ex PERIMENTAL. 
B-A cetylbenzeneazophenol, CH,*CO-C,H,’N,"C,H,OH. 
This compound was prepared by diazotisation of p-aminoaceto- 
phenone and coupling with phenol. It separates from dilute 
alcohol in orange-red plates, which melt at 196° (uncorr.*) : 


* The melting points recorded in this paper are uncorrected for the exposed stem 
of the thermometer, 
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0°1336 gave 0°3434 CO, and 0°0574 H,O. C=70'1; H=4°78. 
0°1496 ,, 15:1 cc. N, at 18° and 7466 mm. N=11°'43. 

C,,H,,0,N, requires C=70°0; H=5°0; N=11°67 per cent. 
Addition of alkali to the brown alcoholic solution of the azo- 
phenol develops a purple shade. 

The acetyl derivative separates from glacial acetic acid in small, 
brownish-red prisms, which melt at 130°: 

0°1784 gave 15°4 c.c. N, at 18° and 764 mm. N=10°07. 

C,¢H,,0,N. requires N=9°93 per cent. 

The benzoyl derivative was prepared by dissolving the azophenol 
in pyridine and adding the calculated amount of benzoyl chloride 
to the solution. It forms small, scarlet prisms, which melt at 
210°: 

0°2120 gave 15°3 c.c. Ny at 23°5° and 7646 mm. N=8'18. 

C,,H,,03;N. requires N=8'14 per cent. 

The phenylhydrazone, CH,°C(:N-NH-C,H;)-C,H,°N.°C,H,°OH, 
is obtained by mixing hot alcoholic solutions of the azophenol and 
of phenylhydrazine. The mixture was allowed to remain overnight, 
the precipitate collected, washed, and crystallised from dilute 
alcohol. It separated in small, brownish-yellow needles, melting at 
194°: 

0°1014 gave 14°8 c.c. N, at 17° and 767°4 mm. N=17°28. 

Cy)H,,ON, requires N=16°97 per cent. 

The curves in Fig. 1 give the absorption spectra of the azophenol 
and its phenylhydrazone in alcoholic solution, as well as the spectra 
observed when an excess of alkali is added to the alcoholic solu- 
tions. The much greater displacement of the absorption on render- 
ing a solution of the azophenol alkaline than is the case with the 
phenylhydrazone has been remarked on in the introduction. 

p-Benzoylbenzeneazo phenol, C;H;*CO-C,H,*N,*C,H,°OH, obtained 
from diazotised paminobenzophenone and phenol, separates from 
dilute alcohol in small, orange-red needles, which melt at 157°: 

0°1802 gave 15°2 c.c. N, at 19° and 745°7 mm. N=9°57. 
C,9H,,0.N, requires N=9°27 per cent. 

The acetyl derivative crystallises from glacial acetic acid in 
brownish-red plates, which melt at 159°: 

0°2063 gave 14°7 c.c. N, at 23° and 767 mm. N=8-21. 

C,,H,,0,N, requires N =8'14 per cent. 

The benzoyl derivative was obtained by benzoylation in pyridine 
solution (2 grams of the azo-phenol, 40 c.c. of pyridine, 1°5 grams 
of benzoyl chloride) ; it separates from glacial acetic acid in orange- 
red needles, which melt at 162°: 
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0°1600 gave 9°8 c.c. Ny at 19° and 749 mm. N=6'93. 
C,,H,,0,N, requires N =6°90 per cent. 
Fig. 2 shows the absorption spectra of »benzoylbenzeneazophenol 
in alcoholic solution, both without and with the addition of alkali. 
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p- Acetylbenzeneazophenol in alcohol. 
in sodium hydroxide. 


p-Acetylbenzeneazophenol-phenylhydrazone in alcohol. 
in sodium hydroxide. 


It will be noticed that the heads of the absorption bands occur at 
much the same oscillation frequencies as in the case of p-acetyl- 
benzeneazophenol. 
p-Acetylbenzeneazo-p-cresol, CH,*CO-C,H,-N,:C;H,(CH,)*OH, 
VOL, CV. 7D 
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erystallises from alcohol in small, brownish-red needles, which melt 
at 122°: 
0°0888 gave 0°2309 CO, and 0°0418 H,O. C=70°91; H=5°25. 
01158 ,, 111 cc. N, at 15°5° and 7548 mm. N=11°09. 
C,;H,,0,.N, requires C=70°89; H=5°51; N=11°02 per cent. 


Fig. 2. 
Oscillation frequencies. 
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The acetyl derivative, as obtained in the ordinary manner, 
crystallises from dilute alcohol in small, brown needles, melting at 


104°; 
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0'1756 gave 14°4 c.c. N, at 21° and 7664 mm. N=9°5. 
C,,H,,03;N, requires N=9°43 per cent. 

The benzoyl derivative, prepared by the Schotten-Baumann 
method, separates from dilute alcohol in brown needles, which 
melt at 139°: 

0°159 gave 10°8 cc. N, at 17° and 7695 mm. N=8°01. 

C..H,,0,N, requires N =7°83 per cent. 

The phenylhydrazone was prepared by mixing equivalent quanti- 
ties of the azo-cresol and phenylhydrazine in glacial acetic acid. 
The mixture was allowed to remain for three days, and the pre- 
cipitate, after collection and washing, recrystallised several times 
from glacial acetic acid. It separates in small, dark maroon- 
coloured needles, exhibiting a slight bronze reflex, and melting 
at 156°: 

0°1434 gave 20°8 c.c. Ny at 25° and 757°4 mm. N=16°66. 

C,,H.,ON, requires N =16°28 per cent. 

The colour of the alcoholic solution is deepened by the addition 
of alkali, but the change is much less marked than in the case of 
the parent ketonic azophenol. 

p-Benzoylbenzeneazo-p-cresol, C,H;*CO°C,H,-N.°C,H.(CH,)-OH, 
separates from alcohol in small, golden-yellow needles, which melt 
at 148°: 

0°1665 gave 13°0 c.c. Ny at 14° and 743°4 mm. N=8°'93. 

C,»H,,0.N2 requires N =8°86 per cent. 

The acetyl derivative separates from alcohol in brownish-red 
needles, melting at 94°: 

0°2640 gave 18°0 c.c. N, at 20° and 765°4 mm. N=7'92. 

C,.H,,0,N, requires N =7°82 per cent. 

The benzoyl derivative, prepared by the usual Schotten-Baumann 
method, crystallised from glacial acetic acid in orange-red needles, 
which melted at 151°: 


0°1878 gave 10°4 cc. N, at 17° and 7667 mm. N=6°56. 
C,,H,O;N, requires N = 6°67 per cent. 

Fig. 3 gives the absorption curves of the two ketobenzeneazo-p- 
cresols, as well as of their alkali salts. Attention may be drawn 
to the great similarity of the absorption shown in each case, and 
the small effect produced by replacing alkyl by aryl in the ketonic 
grouping. Conversion of the azo-phenol into an alkaline salt is 
accompanied by a much greater displacement in the case of these 
aaa naai than is observed in the pseries (compare 

ig. 1). 

p-A cetylbenzeneazo-a-naphthol, CH,*CO-C,H,*N."C,j)H,-OH, was 

7D2 
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prepared by coupling diazotised p-aminoacetophenone with 
a-naphthol dissolved in 96 per cent. alcohol. On mixing the two 
solutions, the whole sets to a crystalline paste of the hydrochloride 
of the azonaphthol. This was collected, washed, dissolved in sodium 
hydroxide solution, and the azo-compound precipitated by the addi- 
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tion of acetic acid. The compound separates from nitrobenzene in 
small, dark red needles, which melt and decompose at 248—249°: 
0°1035 gave 0°2799 CO, and 0°0448 H,O. C=73°75; H=4°8l. 
01762 ,, 146 c.c. N, at 18° and 7565 mm. N=9°57. 
C,,H,,O.N, requires C=74'45; H=4°83; N=9°66 per cent. 
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The alcoholic solution is deep red ; addition of alkali changes the 
colour to an intense purple. 

The acetyl derivative separates from glacial acetic acid in orange 
needles, melting at 141°: 

0°0804 gave 5°4 c.c. N, at 19° and 7678 mm. N=8'43. 

C.9Hg03N, requires N =8'44 per cent. 
The benzoyl derivative prepared by the Schotten-Baumann 
method forms small, dark red needles, melting at 214°: 

0°2634 gave 16 c.c. Np at 22° and 7665 mm. N=7'06. 

C,;H,,0,N,. requires N=7°11 per cent. 
p-Benzoylbenzeneazo-a-naphthol, C,H,*CO-C,H,°N,°C,,H,°OH, 
crystallises from glacial acetic acid in very small, brownish-red 
needles, melting and decomposing at 241°: 
0°1241 gave 0°3570 CO, and 0°0500 H,O. C=7848; H=4°49. 
01780 ,, 12°6 cc. Ny at 17° and 74455 mm. N=8°07. 
Cy3H,g0.N, requires C=78°42; H=4°55; N=7°96 per cent. 

A similar colour change is observed as with the preceding azo- 
naphthol when the alcoholic solution is rendered alkaline. 

The acetyl derivative crystallises from dilute alcohol in brown 
needles, melting at 140°: 

0°2378 gave 14°7 c.c. Ny at 19° and 765°4 mm. N=7°22. 

C,;H,,0,;N,. requires N=7°11 per cent. 

The benzoyl derivative was prepared by benzoylation in pyridine 
solution, and separated from glacial acetic acid in felted, orange 
needles, which melt at 164°: 

0°2084 gave 10°6 c.c. N, at 17° and 766°4 mm. N=5'97. 

Cy9Hoj03N, requires N=6°14 per cent. 

The absorption curves of alcoholic solutions of pacetyl- and 
p-benzoyl-benzeneazo-a-naphthols are shown in Fig. 4. It will be 
again noted that replacement of methyl by phenyl! in the ketonic 
group produces very little change in the character of the absorp- 
tion; more remarkable is the comparatively slight shift produced 
in each case when the solutions are rendered alkaline. It would 
be unwise to conclude without further evidence that these azo- 
naphthols exist in alcoholic solution in a quinonoid form, 

R°C(OH):C,H,-N-N:C,,H,-0, 
corresponding in structure with the salts 
R-C(OK):C,H,:N-N:C,,H,:0, 
but it is at least significant that these compounds show little, if 
any, tendency to react with phenylhydrazine. 

In Fig. 5 the curves are shown for the corresponding derivatives 
of Bnaphthol, and it is again noticeable that the change from 
methyl to phenyl has very litile effect on the absorption. Addition 
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of alkali to the alcoholic solutions produces only a slight shift of | 
the absorption to the red end of the spectrum ; the phenylhydrazone 
of p-acetylbenzeneazo-B-naphthol is, however, formed with com- 
parative ease. 

p-Acetylbenzeneazo-B-naphthol, CH,*CO-C,H,-N,°C,,H,°OH, 
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crystallises from nitrobenzene in smail, scarlet needles, melting at 
183°: 
0°1074 gave 0°2844 CO, and 0°0476 H,O. C=74:10; H=5'04. 
01626 ,, 13°3 cc. N, at 16° and 761°4 mm. N=9°'58. 
C,,H,,O,N, requires C=74°45; H=4°83; N=9°66 per cent. 


CONSTITUTION OF AZO-COMPOUNDS. PART VI. 2203 


The phenylhydrazone was obtained on mixing glacial acetic acid 
solutions of 2 grams of the azo-compound and 1 gram of pheny]l- 
hydrazine. The whole set to a mass of very dark, glistening 
crystals, which were collected, washed with small quantities of 
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acetic acid, and then crystallised from the same solvent. The com- 
pound melts at 201°: 


0°1238 gave 15°65 c.c. N, at 21° and 7565 mm. N=14'5. 
CH ,ON, requires N=14°74 per cent. 
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p- Benzoylbenzeneazo- B-naphthol, C,H,*CO*C,H,’N.°C,>H,-OH, 

crystallises from glacial acetic acid in scarlet needles, melting at 

189°: ‘ 

0°1866 gave 13°1 c.c. at 14° and 747°2 mm. N=8'12. 
C,3H,,0,N. requires N=7'96 per cent. 

It was found impossible either to acetylate or benzoylate this 


compound; the great resistance of some of the azo-derivatives of 
B-naphthol to acylation is already well known. 


In conclusion, we desire to tender our thanks to the Research 
Fund Committee of the East London College for a grant defraying 
the cost of this investigation. 


East Lonpon CoLiEGcr. 
UNIVERSITY OF LONDON. 


CCVI.—The Volumetric Estimation of Carbon in 
Aliphatic Substances in the Wet Way. 


By Ecerton Cuartes Grey (Beit Memorial Research Fellow). 


THE original method of estimating carbon in the wet way by 
heating the substance with potassium dichromate and sulphuric 
acid or with chromic acid, with which the names of Rogers, 
Brunner Ullgrens, and Classen are associated, is described by 
Fresenius (“Anleitung zur quantitativen Chemische Analyse ’’). 
The substance was at first heated with the chromic acid mixture 
in a stream of air, but later Classen introduced a reflux condenser, 
whereby the distillation of water was prevented, and also traces 
of volatile chromium compounds. The method has been chiefly 
employed in the analysis of soils (Wolff, “ Anleitung zur chemischen 
Untersuchung landwirtschaftlich wichtiger Stoffe’), and for 
carbon in steel and iron (Blair, J. Amer. Chem. Soc., 1896, 18, 
223). In the case of soils, however, the method gave low results 
(Warington and Peak, T., 1880, 37, 617, and Cameron and 
Breazeale, J. Amer. Chem. Soc., 1903, 26, 29), which have been 
variously attributed to the formation of carbon monoxide, 
acetaldehyde, acetic acid, and other substances not completely 
oxidised. 

It has been most generally assumed that low results are due to 
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carbon monoxide, but although under certain conditions this gas 
may be formed, its production can certainly be avoided in the case 
of aliphatic substances by using a proper excess of oxidising agent. 
On the other hand, it is more likely that the low results observed 
by many workers were due to acetic acid, which substance is 
attacked only with great difficulty by the chromic acid mixture. 

In the present communication a method is described for the 
estimation of the total carbon in aliphatic substances, which 
depends on the gasometric measurement of carbon dioxide, 
followed by the determination of the acetic acid in the residual 
fluid, and it is shown that the method gives accurate results. 

The apparatus employed is very similar to that already described 
by Blair, but mercury is used in the place of the salt solution 
employed by that author. This form of apparatus, in which the 
solution of the substance is allcwed to boil in contact with the 
oxidising agent until completely oxidised either to carbon dioxide 
or to a mixture of carbon dioxide and acetic acid, is clearly better 
in principle than the method in which the products are allowed 
to escape from the sphere of the reaction in a partly oxidised 
condition. 

Messinger (Ber., 1890, 23, 2756) overcame the difficulty of in- 
complete oxidation by allowing the vapours from the chromic acid 
mixture to pass through a combustion tube containing red-hot 
copper oxide, and lead chromate and potassium dichromate have 
also been employed in the same way (Hall, Miller, and Marmu, 
T., 1906, 89, 595), but the introduction of these modifications 
deprives the method of all its original simplicity. 

The author has devoted his attention to this method chiefly with 
the object of applying it to the estimation of substances of bio- 
logical importance, such as the alcohols and amino-acids, for which 
accurate methods are not available. The estimation of acetic acid, 
as well as of carbon dioxide, makes the method of general applica- 
tion to all aliphatic substances which are likely to occur in bio- 
logical fluids, and the method has a further valuable application 
in the accurate estimation of alcohol and other volatile substances 
in dilute solutions. 

The method has a great advantage in that it throws light on 
the constitution of the substance at the same time as it determines 
the percentage of carbon, for the titre of the acetic acid indicates 
the number of methyl groups in the compound; thus ethyl alcohol 
1s oxidised practically quantitatively to acetic acid; propionic acid, 
and its derivatives, lactic acid and alanine, yield acetic acid corre- 
sponding with two carbon atoms out of three, whereas rhamnose 
yields two atoms of carbon out of the six in the form of acetic 
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acid. In each case the methyl group, together with the next 
adjacent carbon atom, forms acetic acid. 

Ethyl alcohol, CH,-CH,-OH —> CH,°CO,H. 

Alanine, CH,-CH(NH,)-CO,H —> CH,°CO.H +CO,. 

Rhamnose (tsodulcitol), CH,-CH(OH):[CH:OH],-;CHO —> 

CH,°CO,H + 4CO,. 

A small amount of acetic acid is at the same time oxidised to 
carbon dioxide, so that the value for the latter is greater than 
would theoretically be the case if the whole of the methyl group, 
together with the next adjacent carbon atom, were converted into 
acetic acid. The excess of carbon dioxide formed in this way is 
greatest when the oxidising fluid contains least water. 

In the place of chromic acid, which, it seems, is always used 
with phosphoric acid, potassium dichromate has been used in this 
work. It has many advantages over chromic acid apart from its 
being free from impurities, since it may be weighed out and intro- 
duced into the flask much more conveniently than chromic acid. 
Moreover, only by using potassium dichromate, and avoiding the 
dilution of the oxidising medium by water, has it been found 
possible to effect the complete oxidation of carbamide. 

It should be noted that the weight of material used for the 
analysis in many cases is considerably less than that generally 
employed for a dry combustion, and the method is certainly 
readily adaptable to microchemical analysis. 

With most substances the oxidation is complete in from fifteen 
to thirty minutes, but others, such as carbamide and succinic acid, 
require longer, it being necessary to continue the heating for three 
hours. The operation requires, however, only a few minutes’ 
actual attention, and two flasks with reflux condensers may be 
quite conveniently attached to the one gas analysis apparatus, so 
that two analyses may be carried out concurrently. 


Ex PERIMENTAL. 


The apparatus employed is figured below. The gases are 
collected in the reservoirs rather than directly in the gas-measuring 
burette for several reasons. It will suffice to mention that in this 
way two flasks may be used in conjunction with the one burette, 
and, moreover, the burette itself is kept free from any traces of 
chromate which occasionally, although rarely, pass into the gas- 
collecting apparatus when the gases are swept out of the flask 
with the hot water. 

Details of the Manipulation Fifteen grams of potassium 
dichromate are introduced into the flask A, which has a capacity 
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of about 75 c.c., and to this is added 15 c.c. of phosphoric acid 
(D 1:75). The flask is then attached to the reflux condenser B 
(internal tube 30x1 cm.), which is in communication through a 
capillary tube with the reservoir C. The tap of the funnel F, 
after having been smeared with phosphoric acid, is closed, and heat 
is applied to the flask A, the three-way tap g being turned so as 
to put C in communication with B, the vessel Z being at the same 


time lowered. About 4 c.c. of the fluid to be examined is now 
introduced into the funnel F (it is most convenient to weigh out 
the fluid from a bent pipette), and as soon as the potassium 
dichromate has mostly dissolved, and the chromic acid been set 
free, the solution is gradually allowed to be drawn into A. The 
funnel is then washed out into the flask with a few c.c. of water, 
followed by phosphoric acid, which is added to prevent the dilution 
of the oxidising fluid. 
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The heating is now continued for about thirty minutes, unless 
carbamide or succinic acid is present, when three hours is neces- 
sary. At the end of this time the flame is removed, the water 
allowed to run out of the condenser, and the residual gases in the 
flask are displaced by introducing hot water which has been boiled 
to remove carbon dioxide, into the flask A, through the funnel F, 
a lower pressure having been created within the flask by lowering 
the vessel Z. The tap g is closed as soon as the hot water is seen 
in the capillary connecting B and C. The sample of gas may now 
be drawn into the measuring burette by lowering M and opening J. 
The adjustment to atmospheric pressure is made approximately by 
levelling with the mercury manometer tube H, and the fine adjust- 
ment is made by putting the gas into connexion with the potassium 
hydroxide of the Hempel bulbs. The measurement of the carbon 
dioxide is then carried out in the ordinary way. 

When methyl groups may be present in the substance to be 
examined, the fluid, including that in the inner tube of the reflux 
condenser, is transferred when cold to a distilling apparatus, and 
distilled in steam in an atmosphere free from carbon dioxide. 

The distillation in steam requires special precautions. The 
steam is generated by boiling distilled water treated with baryta, 
and to prevent minute traces of phosphoric acid being carried over 
into the distillate, the steam, after passing through the boiling 
acid solution, is made to pass through a second flask before being 
condensed. The lower tube of the condenser passes through a 
doubly bored rubber stopper into the neck of a large separating 
funnel, which acts as a receiver for the condensing fluid, and is 
protected from the access of atmospheric carbon dioxide by means 
of a soda-lime tube connected to a glass tube passing through 
the second hole of the rubber stopper. In this way, when fluid is 
withdrawn from the funnel, air free from carbon dioxide takes its 
place. 

The results obtained with certain representative aliphatic sub- 
stances are given below. Results with fatty acids of high mole- 
cular weight will be reserved for a later communication. 

It must be mentioned that the phosphoric acid employed con- 
tained organic impurity, so that an allowance of from 1°5 to 
2°6 c.c. of carbon dioxide had to be made in each experiment, 
according to the length of heating. Inasmuch as the amount of 
carbon dioxide produced from the phosphoric acid varies with the 
time of heating, it is of advantage previously to heat the phos- 
phoric acid with a little chromic acid for some hours under a reflux 
condenser. A large amount of phosphoric acid may be readily 
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treated in this way, and its use is of advantage, especially when 
working with very small amounts of material. 
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e) 2 om i ~ 
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3 o ‘3 8 S 2S 6 3 
n = =) eH fA x <* < a _ 
Sucrose ... 0-0353 30-1 20:0 765 — -- 42-13 42-13 42-11 
ms ... 00745 66:2 260 769 — — 42-17 42-17 
ea ad 0-0657 56-8 23-5 771 — -—- 42-35 42-35 
Glycerol... 0-0992 79-65 23-5 763 — — 38-86 38-86 39-13 
” ... 0-0488 39-31 23-2 761 -- — 38-97 38.97 
Mannitol... 0-0425 33-00 15-0 762 — — 39-16 39-16 39-56 
Uric acid 0-0160 11:30 15:0 757 — -- 35-35 35-35 35-71 
Carbamide 0-0782 31-96 21-6 764 — — 20-01 20-01 20-00 
Succinic 
acid...... 0-0191 15-70 22-55 767 — os 40-23 40-23 40-66 
Cystine ... 0-0270 15-18 240 761 — 30-30 30-30 30-00 
Ethyl 
alcohol... 0-096388 2.3 23-3 754 61-27 50-87 1-16 52-03 52-17 
Propionic 
acid...... 0:07424 36-0 28-0 765 23-31 23-02 25-13 48-15 48-65 
Lactic acid 0-0714 25-53 26-0 766 20-40 17-37 22-85 40°22 40:00 
Alanine ... 0-0733 18-54 23-0 761 22-82 12-26 27-78 40-04 40-44 


’ 0-1097 31-98 25-3 770 36-36 14-12 26-52 40-64 
Rhamnose 0-1170 66-95 27-0 769 17-32 27-43 11-84 39-27 39-55 
= 0-1265 72-00 26-0 769 18-78 27-42 11-88 39-30 


General Conclusions. 


Aliphatic substances can, in general, be oxidised to carbon 
dioxide, or to a mixture of carbon dioxide and acetic acid, by 
using potassium dichromate and phosphoric acid. 

A volumetric method is described for the estimation of total 
carbon which is based on the estimation of these two products, 
the carbon dioxide being determined gasometrically and the acetic 
acid by titration. 

The method described is particularly useful when the substance 
is already dissolved, and also in the case of volatile substances. 
A further advantage is that, at the same time, an indication is 
given as to the number of methyl groups in the chain. 

Since, under the conditions of the experiment, ethyl alcohol is 
practically quantitatively oxidised to acetic acid, the method will 
be particularly of value in the determination of small concentra- 
tions of alcohol, where the error on the specific gravity method is 
great. Moreover, alcohol could be determined in the presence of 
any compounds which oxidise quantitatively to carbon dioxide, 
such as sugars and polyhydric alcohols, without the necessity of 
separation by distillation. In a concentration of 0°5 per cent., and 
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using only 4 c.c. of the fluid, a determination of alcohol may be 
made by this method with an error of less than 1 per cent. 

The discussion of the applications of this method to the analysis 
of mixtures of two fatty acids or alcohols, as well as to the deter- 
mination of formates, will be reserved for a subsequent com- 
munication. 


In conclusion, I would express my thanks to Professor Arthur 
Harden, F.R.S., for help and criticism. 


THe Lister INSTITUTE, 
LonpDon. 


CCVII.—Organo-derivatives of Bismuth. Part I. The 
Preparation and Properties of some Tertiary 
Aromatic Bismuthines and their Halogen Derwz- 


atives. 
By FREDERICK CHALLENGER. 


THE object with which the present research was commenced was 
primarily the synthesis of an asymmetric organo-bismuth com- 
pound, which could be resolved into optically active components 
(P., 1913, 29, 76). 

Such a result, however, could hardly be expected until a con- 
siderable amount of further information had been obtained regard- 
ing the properties of organo-bismuth compounds. The compara- 
tively large number of publications dealing with this subject * 
have confined themselves to a very superficial examination of the 
compounds described, their reactions having been very little in- 
vestigated. Experiments were therefore made with the object of 
discovering (1) the extent to which the Grignard reagent could be 
used in the synthesis of bismuthines, and (2) the nature of its 
reaction with various types of halogen bismuthines, for example, 
BiR,R,X, and bismuthine dihaloids of the type BiR,R,R,X,. It 
was then found that the properties of these halogen compounds 
were extremely interesting, and worthy of a closer investigation. 

Especially interesting and important from a theoretical point 
of view is the question of the stability of compounds of the type 

* Léwig, Annalen, 1850, 75, 355; Breed, ibid., 1852, 82, 106 ; Dunhaupt, ibid. ; 
1854, 92, 371; Michaelis and Polis, Ber., 1887, 20, 52, 54; Marquardt, Ber., 1887, 
20, 1516 ; 1888, 21, 2035; Michaelis and Marquardt, Annalen, 1889, 251, 323; 
Gillmeister, Ber., 1897, 30, 2843; Pfeiffer and Pietsch, ibid., 1904, 37, 4620; 
Hilpert and Griittner, idid., 1913, 46, 1685; Hilpert and Ditmar, dbid., 3741; 
Ehrlich and Karrer, zbid., 3564. 
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BiR,R,R,R,X and BiR,Ro»R,XY, where X and Y are similar or 
dissimilar halogen atoms.* 

From the work of Pope and Peachey (T., 1899, 75, 1127) and 
Meisenheimer (Ber., 1908, 41, 3966; 1911, 44, 356), it might 
be expected that compounds of the types (1) BiR,R,R,R,X or 
(2) O°BiR,;R,R, would be capable of resolution into enantio- 
morphously related optically active forms. 

A compound of the type (1) might conceivably be synthesised 
in at least two ways, namely, (a) by the addition of an alkyl or 
aryl haloid to an unsymmetrical bismuthine, and (6) by the action 
of the Grignard reagent on the dihalogen additive products of an 
unsymmetrical bismuthine. 

As regards substances of the bismuthine oxide type, certain 
methods of preparation will immediately suggest themselves. 
Investigations in these directions are in progress. 

The author has found that when triphenylbismuthine is warmed 
for a short time with isobutyl bromide, small quantities of dipheny]l- 
bromobismuthine, BiPh,Br, are obtained. It is just possible, 
although rendered still more doubtful by results now to be 
described, that the conditions requisite for the production in this 
manner of bismuthonium haloids have not yet been obtained. 
Further experiments in this direction are in progress. 

In order to gain some idea as to the course which the reaction 
between an unsymmetrical compound of the type BiR,R,R,Br, and 
the Grignard reagent might be expected to take, the behaviour of 
triphenylbismuthine dibromide, BiPh,Br,, with magnesium ethyl 
bromide and magnesium phenyl bromide has been investigated. 

Neither of these reactions appears to take a normal course. 
With magnesium phenyl bromide the products obtained consisted 
of triphenylbismuthine, diphenylbromobismuthine (Michaelis and 
Marquardt, A nnalen, 1889, 251, 328), and phenyldibromobismuthine, 
BiPhBr, (see p. 2215). It is very probable that tetraphenyl- 
bismuthonium bromide is first formed, but undergoes decomposition 
into triphenylbismuthine and bromobenzene. 

The formation of diphenylbromobismuthine is possibly due to 
the decomposition of the triphenylbismuthine dibromide, since the 
pure compound is by no means stable, and when boiled with dry 
benzene gives a good yield of diphenylbromobismuthine. More- 
over, if pure, colourless triphenylbismuthine dibromide is heated 
for a few minutes at 100°, it decomposes, forming a yellow, viscid 
mass, which has a powerful odour of bromobenzene. 

The interaction of magnesium ethyl bromide and _ tripheny]l- 


* An account of experiments with compounds of the latter type will shortly be 
communicated to the Society in conjunction with Mr. ©. F. Alipress. 
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bismuthine dibromide led to results which were very similar to 
those just described. Triphenylbismuthine and diphenylbromo- 
bismuthine were obtained, whilst the reaction mixture had a strong 
odour of bromobenzene. 

The formation of the first-named substance may be due to the 
decomposition of the unstable triphenylethylbismuthonium 
bromide, BiPh,EtBr, which may first be formed, ethyl bromide 
being eliminated. The decomposition of phenyltrimethylarsonium 
iodide, which, on being heated, gives rise to methyl iodide and 
phenyldimethylarsine, is a somewhat similar reaction (Winmill, T., 
1912, 101, 719): AsPhMe,I= AsPhMe, + Mel. 

Owing to the undoubted formation of bromobenzene, it is 
possible that the diphenylbromobismuthine resulted from the de- 
composition of the triphenylbismuthine dibromide under the 
influence of the Grignard reagent. 

An attempt was then made to remove one of the phenyl groups 
in diphenylbromobismuthine by means of bromine in chloroform 
solution, in the hope that the resulting compound might be of use 
in the synthesis of the so-called mixed or unsymmetrical tertiary 
bismuthines. Phenyldibromobismuthine, crystallising in golden- 
yellow needles, melting at 205—206°, was thus obtained. The 
chloroform solution was found to contain bromobenzene (which was 
identified by its conversion into p-bromonitrobenzene) and a certain 
amount of bismuth bromide. The formation of phenyldibromo- 
bismuthine in the above reaction is not analogous to the behaviour 
of the corresponding diphenylchlorostibine, SbPh,Cl, which was 
found by Morgan and Micklethwait to yield Ph,SbCl, on treat- 
ment with chlorine (T., 1911, 99, 2295). 

In consequence of the instability of the derivatives of quinque- 
valent bismuth, to which reference has already been made, and of 
numerous other compounds of the type R,BiClI and R,BiBrl, 
which are being investigated in conjunction with Mr. C. F. 
Allpress, the formation of a stable compound, BiPh,Br,, was 
hardly to be expected. 

The action of magnesium ethyl bromide on diphenylbromo- 
bismuthine was next investigated in the hope that diphenylethyl- 
bismuthine, BiPh,Et, would be produced. The reaction, however, 
took a somewhat unexpected course, the only product which could 
be isolated being triphenylbismuthine. 

Triethylbismuthine was also formed (see p. 2216), but was not 
isolated. The course of the reaction is possibly represented by the 
equation 3BiPh,Br + 3MgEtBr=2BiPh, + BiEt,+3MgBrp. 

By the action of magnesium a-naphthyl bromide on dipheny]l- 
bromobismuthine, better results were obtained, diphenyl-a-naphthyl- 
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bismuthine, BiPh,*C,,H, (m. p. 118—119°), being readily isolated 
from the reaction mixture. This seems to be the first compound 
of the type BiR,R’ to be described. With bromine it gives rise to 
diphenyl-a-naphthylbismuthine dibromide, BiPhs*C,)H,,Br. (m. p. 
140°). This decomposes when heated for a short time at 100°. 

Tri-a-naphthylbismuthine (m. p. 234—235°) is readily obtained 
by the interaction of bismuth bromide and magnesium a-naphthyl 
bromide. It forms a yellow, crystalline dibromide (m. p. 122°), 
which decomposes when kept for a short time at 100°. An account 
of the properties of the dibromide of this and the preceding 
tertiary bismuthine, and of the decompositions they may be made 
to undergo, will shortly be communicated to the Society. 


EXPERIMENTAL. 
Stability of Triphenylbismuthine Dibromide. 


This substance was prepared by Michaelis and Marquardt (loc. 
cit.), who state that it melts at 122°. 

Triphenylbismuthine dibromide, when twice recrystallised from 
cold benzene and light petroleum, separates in needles, which melt 
at 118° when placed in a sulphuric-acid bath (previously warmed 
to 80°) and heated at the usual rate. If, however, the initial 
temperature of the bath was 80°, and the subsequent heating 
carried out much more quickly, the specimen melted at 123—124°, 
and on another occasion at 121°. 

The melting point was also found to depend to a certain extent 
on the size of the crystals used in the determination. This was 
verified several times, the powdered crystals melting from three to 
five degrees lower than those which had not been powdered. The 
melting points were determined simultaneously. 

Some of the recrystallised substance (m. p. 118° on fairly slow 
heating) was heated with dry benzene under a reflux condenser 
for two hours, every trace of moisture being carefully excluded. 
On cooling, crystals of diphenylbromobismuthine were deposited ; 
these melted at 152°, and after one recrystallisation at 154—156°. 

On heating a specimen of the dibromide in a small sealed tube 
at 100° for about twenty minutes, it was found to have become 
yellow and pasty, and a strong odour of bromobenzene was 
observed. 

On attempting to concentrate the mother liquor obtained in the 
recrystallisation of triphenylbismuthine dibromide, a deposit of 
diphenylbromobismuthine was obtained. 
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Action of Magnesium Phenyl Bromide on Triphenylbismuthine 
Dibromide. 


Nine grams of the pure dibromide were covered with dry ether 
and gradually treated with a solution of magnesium phenyl bromide 
(1 mol.) prepared from 0°5 gram of magnesium and 2°8 grams of 
bromobenzene in ether. After each addition of the Grignard re- 
agent a transient but intense purple coloration was produced, and 
the ether boiled. Most of the dibromide dissolved, and its place 
was taken by an oily solid. After about forty hours the ether was 
decanted from the now almost solid, insoluble residue, which was 
then well washed with dry ether. 

(1) Ethereal Extract and Washings—On evaporation, a yellow 
oil was left, which had an odour of bromobenzene, and partly 
solidified on cooling. By extraction with a mixture of ether and 
light petroleum, 3 grams of triphenylbismuthine were removed from 
this residue. 

(2) Original Residue Insoluble in Ether—A small portion was 
shaken with cold benzene, the solution filtered, and treated with 
light petroleum. Fine yellow crystals of diphenylbromobismuthine 
(m. p. 155—156°) were deposited. 

The bulk of the residue was heated for about five minutes with 
benzene, and filtered. Yellow crystals were deposited, which 
sintered at 143—150°, and melted to an opaque fluid; their whole 
behaviour indicated that the substance was a mixture. A further 
deposit was obtained on addition of light petroleum ; this contained 
some magnesium compounds. 

The yellow deposits were united, and twice extracted with boil- 
ing chloroform, which removed diphenylbromobismuthine. The 
residue was treated with boiling benzene. The filtered extract 
deposited yellow needles (m. p. 206°), which did not depress the 
melting point of a specimen of phenyldibromobismuthine (see 
p. 2215). 

Exactly similar results were obtained when triphenylbismuthine 
dibromide was heated with the Grignard reagent. 


Action of Magnesium Ethyl Bromide on Triphenylbismuthine 
Dibromide. 


Eight grams of the pure dibromide were suspended in dry ether, 
and a solution of magnesium ethyl bromide, prepared from 0°45 
gram of magnesium and 1°9 grams of ethyl bromide, was added. 
The reaction became vigorous, most of the insoluble dibromide dis- 
appeared, and an oily deposit was produced. The mixture was 
not heated, but was kept for some days, moisture being excluded. 
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Similar results were, however, obtained when the reaction mixture 
was heated on the water-bath. 

The ethereal liquid (A) was finally poured off from the now 
crystalline deposit (B), which was washed with ether. On 
evaporation of the ether from A, an oil was left which had a strong 
odour of bromobenzene, and quickly solidified. From this, 2°5 
grams of pure triphenylbismuthine were extracted by means of light 
petroleum. The small amount of insoluble matter which remained 
contained compounds of magnesium and bismuth, and was not ° 
further examined. 

The residue B, after washing with cold chloroform, weighed 
2 grams. On treatment with water, about 1°5 grams remained 
undissolved. This was quickly separated and dried. By recrystal- 
lisation from chloroform and light petroleum, yellow crystals were 
deposited, which melted at 156°, and did not depress the melting 
point of a specimen of diphenylbromobismuthine. 


Action of Bromine on Diphenylbromobismuthine. 


Diphenylbromobismuthine was dissolved in dry chloroform, and 
treated with one molecular proportion of bromine in chloroform 
solution. The red colour was discharged, and a yellow precipitate 
formed. When collected and washed with dry chloroform, this 
melted at about 190°, but on recrystallisation from hot benzene 
fine yellow needles were obtained, melting at 205—206°, and con- 
sisting of phenyldibromobismuthine : 

0°1510 gave 0°1266 AgBr. Br=35'68. 

C,H;Br,Bi requires Br=35°95 per cent. 

On distilling off the chloroform from the reaction mixture, an 
oil remained which had a strong odour of bromobenzene, along with 
a certain amount of a grey, crystalline substance. The oil was 
removed by repeated extractions with warm. light petroleum, and 
found to be free from bismuth. On treatment with fuming nitric 
acid and addition of water to the solution, a solid was precipitated, 
which, after recrystallisation from alcohol, melted at 125—126°. 
A recrystallised specimen of pbromonitrobenzene melted at 
126—127°, and a mixture of the two melted at the same 
temperature. , 

The grey, crystalline solid was heated with toluene, and the 
filtered extract deposited crystals on cooling. These were free 
from organic matter, melted at about 200°, and distilled on heat- 
ing strongly. The action on water and its solubility in ether 
showed the substance to be bismuth bromide. If the addition of 
bromine to diphenylbromobismuthine is continued until a per- 

7E2 
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manent red coloration is imparted to the chloroform, the pre- 
cipitate contains almost no organic matter. 


Attempted Preparation of Diphenylethylbismuthine. 


Five grams of diphenylbromobismuthine were treated with a 
solution of 0°45 gram of magnesium and 1°9 grams of ethyl bromide 
in dry ether. A vigorous reaction took place, most of the yellow 
bromide disappeared, and a dark-coloured oil was precipitated. 
The mixture was heated on the water-bath under reflux for about 
an hour. After forty-eight hours the ether was distilled off, 
the residue treated with water, and the insoluble matter was 
collected and extracted three times with alcohol. The alcoholic 
extract deposited large quantities of triphenylbismuthine, and the 
mother liquors from these deposits possessed an unbearable odour, 
resembling that of the alkyl compounds of tin. The alcohol which 
was distilled from these mother liquors also possessed the same 
odour. This was probably due to the presence of triethyl- 
bismuthine, which is described by Breed (loc. cit.) as a volatile 
liquid which oxidises readily in air, and possesses a disgusting 
. odour. 

Diphenyl-a-naphthylbismuthine. 


A solution of magnesium a-naphthyl bromide, prepared from 
17 grams of a-bromonaphthalene and 2 grams of magnesium, was 
treated with 26°5 grams of diphenylbromobismuthine. A fairly 
vigorous reaction occurred, and an almost clear solution was 
obtained. The mixture was then heated under refiux for two and 
a-half hours, and allowed to remain overnight. The ether was 
poured off, and the white, insoluble deposit washed with ether. 
On removal of the solvent, an oil was left which, after treatment 
with water, very slowly solidified. It probably contains a certain 
amount of phenyldi-a-naphthylbismuthine (arising from traces of 
phenyldibromobismuthine in the diphenylbromobismuthine), in 
addition to naphthalene and diphenyl-a-naphthylbismuthine, and 
is being reserved for further investigation. 

The crystalline deposit, which was insoluble in ether, was warmed 
with water to remove magnesium salts, dried, and dissolved in 
chloroform. The solution deposited a crystalline substance when 
tt was diluted with alcohol. This melted at 115—117°, and, after 
a few recrystallisations, at 118—119°: 

0°1884 gave 0°3698 CO, and 0°0712 H,O. C=53:55; H=4'18. 

0°2230 ,, 04352 CO, ,, 0°0698 H,O. C=53:23; H=3°48. 

0°4170 ,, 0°1990 Bi,O,. Bi=42°76. 
CygH,;Bi requires C=53'97; H=3'50; Bi=42°53 per cent. 
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Diphenyl-a-naphthylbismuthine is readily soluble in chloroform, 
benzene, or toluene, but less readily so in alcohol or ether. Warm, 
concentrated hydrochloric acid immediately decomposes it, yielding 
benzene and naphthalene. 

When treated in ethereal solution with one molecular proportion 
of bromine, likewise dissolved in ether, the solution was immedi- 
ately decolorised, and a yellow, crystalline precipitate deposited. 
On recrystallisation from a mixture of benzene and light 
petroleum, this was obtained in yellow, prismatic needles, which, 
when pure, melted at 140°. 

As in the case of other bismuthine dibromides described in this 
paper, the substance melts when heated for a few minutes in a 
sealed tube at 100°. On cooling, it remains pasty, and an odour 
resembling that of a-bromonaphthalene is very apparent. Towards 
hot concentrated hydrochloric acid the dibromide is relatively 
stable. 


Tri-a-naphthylbismuthine. 


Magnesium a-naphthyl bromide (3 mols.), prepared from 1°6 
grams of magnesium and 13°7 grams of a-bromonaphthalene, was 
treated with 11 grams of anhydrous bismuth bromide, dissolved 
in the minimum quantity of dry ether. A vigorous reaction 
occurred, and a yellow precipitate was formed, which disappeared 
on shaking; simultaneously, a large quantity of solid matter was 
deposited. The mixture, after remaining overnight, was heated 
for one and a-half hours on the water-bath, after which the ether 
was distilled off, and the residue treated with water. The solid 
matter which remained was collected and dried. This product was 
repeatedly extracted with chloroform, the extracts united, concen- 
trated somewhat, and treated with alcohol, when a slightly yellow, 
crystalline deposit was obtained. On recrystallisation from a mix- 
ture of chloroform and alcohol the substance was finally obtained 
in almost colourless needles, melting at 235°: 

0°2152 gave 0°4803 CO, and 0°0728 H,O. C=60°87; H=3°76. 

073150 ,, 0°1253 Bi,Q,. Bi=35°66. 

C3)H.,Bi requires C=61:10; H=3°60; Bi=35-30 per cent. 

Tri-a-naphthylbismuthine is fairly readily soluble in chloroform, 
carbon tetrachloride, benzene, or toluene, sparingly so in hot 
alcohol, and almost insoluble in ether or light petroleum.. Hot 
concentrated hydrochloric acid decomposes it quantitatively, 
bismuth chloride and naphthalene being produced. 
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Tri-a-naphthylbismuthine Dibromide. 


1°4 Grams of tri-a-naphthylbismuthine in chloroform were slowly 
treated with a solution of 0°3 gram of bromine in the same solvent. 
Decolorisation took place immediately, and on adding light 
petroleum, a yellow, crystalline substance was obtained in almost 
theoretical yield (1°65 grams). On recrystallisation, the melting 
point was found to depend on the rate of heating, and was usually 
about 119—121°, although when very slowly heated, readings as 
low as 110° were obtained. The cause of this lies in the instability 
of the pure substance, since, when heated in a small sealed tube 
at 100°, decomposition set in. After ten minutes the whole was 
found to be pasty, and the odour of a-bromonaphthalene was very 
noticeable. 
THE UNIVERSITY, 
EpGBASTON, BIRMINGHAM. 


CCVIII.—The Condensation of Furan-2 : 5-dialdehyde 
with Malonic Ester and Malone Acid. 


By Witiiam Francis Cooper and Waiter Harotp Nuttratt. 


Tue authors have for some time past (compare T., 1911, 99, 1193; 
1912, 101, 1074) been engaged in a more or less systematic in- 
vestigation of the furan group, and the present communication 
deals with the condensation of furan-2: 5-dialdehyde with malonic 
ester and malonic acid The object of such condensations was to 
determine whether they followed a normal course. The condensa- 
tion of w-bromomethylfurfuraldehyde with malonic ester is so 
obscure that, in spite of much investigation, it still remains un- 
explained. The condensation takes place in different ways, accord- 
ing as to whether hydroxyl ions are present or absent. In the 
absence of hydroxy] ions, a pale yellow, crystalline compound, melt- 
ing at 99°5—100°, the composition of which has not yet been deter- 
mined, is produced. When the condensation is carried out in the 
presence of hydroxyl ions, a beautiful blue, fluorescent solution is 
formed (Fenton, T., 1898, 73, 554), from which, however, it has 
not yet been possible to isolate the fluorescent compound. 
Although the condensation of furandialdehyde and malonic ester 
does not give fluorescent compounds, there was the possibility that 
the condensation might not be normal, and so might throw some 
light on that of the bromo-aldehyde and malonic ester. 
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Whilst this investigation failed in its original purpose, normal 
condensation products being obtained, a peculiar additive property 
of one of the condensation products has been observed. 

Furandialdehyde condenses with two molecules of ethyl 
malonate, giving ethyl furan-2: 5-dimethylenemalonate (I). This 
ester on hydrolysis gives the corresponding tetracarboxylic acid (II): 


CH:!C—CH:C(CO, Et), CH:C—CH:C(CO,H), 
O | O 


CH 0-0 H:C(CO,Et), CH:C—CH:0(CO,H), 
(I.) (II.) 

It is this tetracarboxylic acid that possesses the curious additive 
properties referred to above. When dried at 100°, or crystallised 
from dry ether, it is obtained in the anhydrous state, and is then 
canary-yellow. When crystallised from water it combines with 
one molecule of water, and is then reddish-orange to brown, accord- 
ing to the rapidity with which it separates from solution. 

When the anhydrous acid is crystallised from glacial acetic acid, 
a compound of the two acids is produced, which is pentabasic and 
distinctly dark brown. This compound consists of one molecule 
of the tetracarboxylic acid combined with one molecule of acetic 
acid, but the state of combination appears to be unstable, as, on 
distilling an aqueous solution of the compound, acetic acid is 
evolved. 

Another peculiar compound of the tetracarboxylic acid with 
acetic acid has been obtained by the condensation of furandi- 
aldehyde with malonic acid. When acetic acid is used as catalyst, 
a red, crystalline acid is produced. This is isomeric with the dark 
brown acid obtained by crystallising the anhydrous, yellow tetra- 
carboxylic acid from glacial acetic acid. Further, this red acid is 
pentabasic, and also consists of one molecule of the tetrabasic acid 
combined with one molecule of acetic acid. In this case, also, the 
acetic acid is in an unstable state of combination, as acetic acid is 
evolved on boiling an aqueous solution of the red acid. In fact, 
the two acids appear to be identical in all their properties with 
the exception of colour of their crystals. This difference is quite 
distinct, and the acids retain their respective colour even on re- 
peated crystallisation from glacial acetic acid. In solution, the 
difference in colour of the two acids is less marked. It is still 
appreciable in their acetic acid solution, but entirely disappears 
in their aqueous solutions, which are yellow, and quite indis- 
tinguishable from each: other. This probably indicates that, in 
aqueous solution, both acids are dissociated into the same yellow 
tetracarboxylic acid and acetic acid. 

Neither the brown nor the red acid melts, but on heating both 
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become yellowish-brown, acetic acid is evolved, and a crystalline, 
yellow sublimate formed. 

On esterifying with alcohol and hydrogen chloride, both the red 
and the brown pentabasic acids, as well as the yellow tetrabasic 
acid, give the same tetracarboxylic ester, melting at 90—91°, which 
is identical with the condensation product of furandialdehyde and 
malonic ester. 

It is of interest to note that this tetracarboxylic ester may be 
crystallised from glacial acetic acid without change. The ability 
to combine with one molecule of acetic acid appears to be confined 
to the tetracarboxylic acid alone; it is not possessed by its ester, 
nor by the corresponding diacrylic acids, nor by reduction products 
of the latter. 

No satisfactory explanation of this peculiarity or of the isomerism 
of the brown and red pentabasic acids can be advanced at present. 

In view of the similarity in structure of furan and pyrone, the 
furan oxygen atom might conceivably become quadrivalent and 
combine with acetic acid, but this would not explain the isomeric 
forms or the inability of the ester and diacrylic acids, etc., to 
combine with acetic acid. Further, if this were the correct ex- 
planation, it would be expected that the tetracarboxylic acid would 
combine with other compounds, such as methyl iodide, hydro- 
ferrocyanic acid, etc., but all attempts to bring about such com- 
binations have failed. 

The condensation of furandialdehyde with malonic acid (as 
opposed to malonic ester) gives different products, according to the 
catalyst employed. With glacial acetic acid as catalyst, the penta- 
basic red acid, described above, is produced; with pyridine as 
catalyst, however, there is a loss of carbon dioxide, and a brown 
powder, consisting chiefly of one or more furandiacrylic acids, is 
obtained. Although pure fwran-2: 5-diacrylic acid (III) may be 
easily obtained in the crystalline condition, it has been found 
impossible to obtain directly a crystalline diacrylic acid from the 
brown condensation product, which probably consists of a mixture 
of isomeric furandiacrylic acids, three of which are theoretically 
possible. 

The brown condensation product on esterification gives a well- 
defined, crystalline ester, whilst reduction with sodium amalgam 
in alkaline solution gives fwran-2: 5-dipropionic acid (IV), which 
is also crystalline. 

CH:C—CH:CH:CO,H CH:C—CH,°CH,°CO,H 

Te, | >0 

CH:C—-CH:CH:C0O,H CH:C—CH,°CH,°CO,H 
(III.) (IV.) 
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If the reduction, however, is carried out with aluminium filings, 
an intermediate acid, containing two atoms of hydrogen more than 
the diacrylic acid, is produced, although furandipropionic acid is 
the final product. The constitution of this intermediate acid 
might be suggested by either of the formule: 


CH:C—CB,-CH,-CO,H CH-C=CH-CH,-CO,H 


| >0 _ | >0 
CH:C—CH:CH:-CO,H CH-C—CH-CH,°CO,H 
(V.) (VI) 

On oxidation with concentrated nitric acid, (V) should give the 
well-known dehydromucic acid. The white, crystalline acid 
actually obtained, however, was certainly not dehydromucic acid, 
as it was extremely soluble in water, and did not give the very 
characteristic reaction with ferric chloride; further, it melted in- 
distinctly at about 170°, and, on further heating, evolved fumes, 
which were extremely irritating to the throat. Hence it would 
appear that formula (VI) is more feasible. 

An attempt to rupture the furan ring in furandipropionic acid 
by Marckwald’s method (Ber., 1887, 20, 2811; 1888, 21, 1398) 
and produce a derivative of n-decane, showed that the ring was 
stable under these conditions. The dipropionic acid was heated 
with alcoholic hydrogen chloride on a water-bath for six hours 
without effect. Bromine water, on the other hand, readily decom- 
poses it, giving an acid of high melting point, containing bromine, 
the investigation of which is not yet complete, the reaction of 
furan compounds with bromine water being apparently very 
erratic. 


Ex PERIMENTAL. 


Condensation of Furan-2: 5-dialdehyde with Ethyl Malonate. 


Ethyl Furan-2: 5-dimethylenemalonate (1). 


Five grams of furan-2: 5-dialdehyde (1 mol.) are heated with 
13 grams of ethyl malonate (2 mols.) and 13 grams of acetic 
anhydride (3 mols.) on a sand-bath under an air condenser for 
eight hours. After cooling somewhat, excess of water is added, 
and, after remaining overnight, the mixture is rendered slightly 
alkaline with sodium carbonate and extracted with ether. The 
ether is distilled off, and the product purified by recrystallisation 
from alcohol, and finally from hot light petroleum. From alcohol 
it ecrystallises in pale yellow, transparent, highly refractive 
octahedra, which melt at 90—91°: 

0°2002 gave 0°4338 CO, and 0°1049 H,O. C=59°09; H=5°82. 

CopH»,O, requires C=58°82; H=5°88 per cent, 
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It is readily soluble in the usual organic solvents, with the 
exception of cold petroleum, and is insoluble in water, but dis- 
solves in concentrated sulphuric acid with a yellow colour. It can 
be crystallised from glacial acetic acid without change. It does not 
combine with acetic anhydride in the presence of ferric chloride. 

The acid can be boiled with concentrated hydrochloric acid with- 
out change, but is’ readily hydrolysed by hot alkali hydroxides. 

Treatment with excess of bromine in carbon tetrachloride gives 
a crystalline bromo-derivative, melting at 87°5°, but the exact con- 
ditions for obtaining this have not been determined. 

Furan-2: 5-dimethylenemalonic Acid (II).—The ethyl ester (I) 
is boiled with excess of sodium hydroxide solution (D 1°3). The 
crystals at first melt, and then dissolve, with considerable evolu- 
tion of heat. The dark, reddish solution is cooled, acidified, and 
completely extracted with ether or ethyl acetate. The yellow, 
ethereal extract cannot be dried, owing to the readiness with which 
the acid is adsorbed, especially by sodium sulphate. After dis- 
tilling off the solvent, the residue is dissolved in a little warm 
water, filtered, and the filtrate allowed to evaporate in a vacuum 
desiccator. The tetracarboxylic acid crystallises from water with 
approximately 1 molecule of water of crystallisation, which, how- 
ever, is slowly given up at the ordinary temperature, especially 
in a vacuum desiccator. When the hydrated acid is dried at 100°, 
the change in colour from a reddish-orange to a canary-yellow is 
most marked. For analysis the anhydrous acid, dried at 100°, was 
used : ‘ 
0°3370 gave 0°6026 CO, and 0°0860 H,O. C=48'76; H=2°83. 

C,,H,O, requires C=48°65 ; H=2°70 per cent. 

0°2055 Gram required 27°4 c.c. of W/10-sodium hydroxide for 
complete neutralisation, whilst the theoretical amount for a tetra- 
basic acid of this formula is 27°8 c.c. The acid readily loses carbon 
dioxide, which probably explains the somewhat low figure obtained 
on titrating. 

The acid is readily soluble in water, giving a yellow solution, 
which becomes dark reddish-brown on the addition of ferric 
chloride solution. On boiling, a reddish, flocculent precipitate is 
produced. With an aqueous solution of the ammonium salt of the 
acid, silver nitrate gives an amorphous, canary-yellow precipitate ; 
calcium chloride, a yellowish-brown precipitate on boiling; copper 
sulphate, a brown, gelatinous precipitate, especially on boiling; 
normal lead acetate, a pale yellow precipitate in the cold. 
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Additive Compound of Furan-2: 5-dimethylenemalonic Acid with 
Acetic Acid. (“ Brown Acid.”) 


When crystallised from glacial acetic acid, the tetracarboxylic 
acid is converted into a brown, crystalline acid, which is quite 
distinct in appearance from the original yellow acid, a distinction 
which is not affected by repeated recrystallisation from acetic acid. 
Both the combustion and titration with WV /10-alkali indicate that 
these brown crystals consist of one molecule of the tetracarboxylic 
acid and one molecule of acetic acid: 

0°2000 gave 0°3447 CO, and 0°0624 H,O. C=47°01; H=3°47. 

C,,H,0,,C,H,O, requires C=47°19; H=3°37 per cent. 
0°1524 Gram required 21°4 c.c. V/10-alkali, which is the amount 
required by a pentabasic acid of this formula. 

The brown acid is not sufficiently soluble in glacial acetic acid 
for its molecular weight to be determined in that solvent by the 
freezing-point method. It dissociates in water, as, on distilling an 
aqueous solution, acetic acid passes over. It is insoluble in 
benzene or ethylene dibromide, so that these cannot be used for 
molecular-weight determinations. 

The acid is soluble in water to a yellow solution, which is changed 
to a dark reddish-brown on the addition of ferric chloride solution. 
On heating the mixture, a copious, amorphous precipitate is pro- 
duced, which is distinctly browner than the corresponding pre- 
cipitate with the yellow acid. An aqueous solution of the 
ammonium salt gives an amorphous, canary-yellow precipitate with 
cold silver nitrate, and a yellow precipitate with calcium chloride 
on boiling. These precipitates are practically indistinguishable 
from those given by the ammonium salt of the yellow acid. 


Condensation of Furandialdehyde with Malonic Acid. 
(a) Wtth Glacial Acetic Acid. 


Additive Compound of Furan-2: 5-dimethylenemalonic Acid with 
Acetic Acid. (“Red Acid.’’) 


Five grams of furandialdehyde (1 mol.) and 8°4 grams of malonic 
acid (2 mols.) are dissolved in 20 c.c. of glacial acetic acid, and 
the solution is heated on a water-bath under reflux for six to seven 
hours. The acetic acid is then distilled off under diminished 
pressure, and the dark residue extracted with ether. After drying 
the extract, the ether is distilled off, and a red, crystalline acid 
is obtained. This is conveniently purified by twice recrystallising 
from glacial acetic acid: 
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0°2009 gave 0°3473 CO, and 0°0653 H,O. C=47'15; H=3°6l. 
C,,H,0,,C,H,O, requires C=47'19; H=3°37 per cent. 

This red acid is therefore isomeric with the brown acid obtained 
by recrystallising the yellow tetracarboxylic acid from glacial acetic 
acid. The red acid is also pentabasic. 

02053 Gram required 29°1 c.c. V/10-sodium hydroxide, whilst a 
pentabasic acid of this formula requires 28°8 c.c. 


(b) With Pyridine. Furan-2: 5-diaerylic Acid. 


Five grams of furan-2: 5-dialdehyde (1 mol.) are dissolved in a 
little alcohol, 8-4 grams of malonic acid (2 mols.) dissolved in the 
solution, and 8°4 grams of pyridine (2°6 mols.) added. The mix- 
ture is heated on a water-bath under reflux for six to seven hours, 
cooled, and poured into cold 10 per cent. sulphuric acid, when a 
pale brown, amorphous precipitate is formed, consisting of crude 
furandiacrylic acid. No direct method of purifying it has been 
found. It is probably a mixture of stereoisomerides. Up to the 
present, a pure acid has only been obtained by esterification of the 
acid, and subsequent hydrolysis of the purified ester with sodium 
ethoxide. A pale yellow, amorphous powder is thus obtained, 
which crystallises from acetic acid in colourless crystals, free from 
acetic acid: 

0°2054 gave 0°4343 CO, and 0°0725 H,O. C=57°67; H=3°92. 

C,,)H,O; requires C=57°69; H=3°84 per cent. 

Furan-2:5-diacrylic acid does not melt. It is soluble in hot 
water, but insoluble in cold. It is insoluble in all the usual organic 
solvents except acetone and acetic acid. It readily combines with 
bromine. 

Ethyl Furan-2: 5-diacrylate——The acid may be esterified by dis- 
solving in absolute alcohol and saturating with hydrogen chloride, 
but the yield is very erratic, and much tarry matter is frequently 
produced. It is best prepared from the acid chloride, a yellow, 
crystalline solid, readily obtained by the action of thionyl chloride 
on the crude, brown, amorphous acid. The acid chloride is treated 
with excess of absolute alcohol in the cold, and crystals of the 
required ester separate from the product on keeping. It is purified 
by recrystallisation from carbon tetrachloride or light petroleum, 
from which it separates in flat, shiny, transparent, colourless plates, 
melting at 110—111°, and soon becoming white and opaque: 

0°1985 gave 0°4625 CO, and 0°1061 H,O. C=63°55; H=5'94. 

C,,H,,0; requires C=63°63; H=6-06 per cent. 

Methyl Furan-2: 5-diacrylate—This was prepared by esterifying 

the crude acid with methyl alcohol and hydrogen chloride. It 
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crystallises from carbon tetrachloride or light petroleum in white, 
shiny flakes, melting at 152—153°. 


Reduction of the Brown, Amorphous Furandiacrylic Acid. 
(a) With Sodium Amalgam. Furan-2: 5-dipropionic Acid. 


The crude diacrylic acid is dissolved in 10 per cent. sodium 
hydroxide solution, and sodium amalgam added from time to time, 
the reduction being continued until a test portion gives no further 
precipitate on acidifying. This is usually the case in five to six 
hours. After acidifying, the reduced acid is extracted with ether. 
The acid is purified by recrystallisation from water, and is obtained 
in glistening lamelle, melting at 151—152°. The acid distils 
without decomposition : 

071991 gave 0°4135 CO, and 0°1039 H,O. C=56'64; H=5°80. 

C,»H,,.0, requires C=56°60; H=5°66 per cent. 

0°4051 Gram required 38°2 c.c. W/10-sodium hydroxide for 
neutralisation. If the acid is dibasic, its molecular weight is 212°1. 
C,9H,,0; requires M.W.=212. 

The acid is soluble in water, alcohol, ether, ethyl acetate, benzene, 
or chloroform, but insoluble in light petroleum. It does not give 
a jelly on boiling with ferric chloride solution (difference from 
dehydromucic acid). 

It is stable to boiling alcoholic hydrogen chloride, but its aqueous 
solution is readily attacked by bromine water. It can be recrystal- 
lised from glacial acetic acid without change. 


(b) Wath Aluminium Powder. Furan-2-promonic-5-acrylic 


Acid (2). 


The crude furandiacrylic acid is dissolved in 10 per cent. sodium 
hydroxide solution, and aluminium powder added to the slightly 
warm solution. The reduction is allowed to continue overnight. 
As reduction proceeds, the colour of the solution becomes somewhat 
paler. The aluminium and precipitated alumina are filtered off, 
and sufficient acid is added to the filtrate to dissolve the alumina 
at first precipitated. On extracting with ether, a mixture of the 
two reduction acids is obtained, furandiacrylic acid largely pre- 
ponderating. The two acids are readily separated by recrystallisa- 
tion from hot water, in which furan-2-propionic-5-acrylic acid is 
only sparingly soluble. After one or two recrystallisations from 
water, with the use of animal charcoal, it is obtained in white, 
shining plates, melting at 183—184°: 

0°2010 gave 0°4228 CO, and 0°0894 H,O. C=57°37; H=4°93. 
Ci>H,,O, requires C=57°14; H=4°76 per cent. 


2226 KENYON: INVESTIGATIONS ON THE DEPENDENCE OF 


It is soluble in alcohol, acetone, or ethyl acetate, almost in- 
soluble in light petroleum or benzene, sparingly soluble in chloro- 
form, soluble in hot water, but almost insoluble in cold. It can 
be recrystallised unchanged from glacial acetic acid. 
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CCIX.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part VII. 
Some Esters of the Carbinols of the Formula 
C,H,-CH(OH):-R. 

By JosepuH Kenyon. 


One of the most interesting suggestions that has been put forward 
with the object of bringing a little order and system into the large 
field of optically active substances, particularly when several such 
substances constitute a homologous series, is that of Frankland 
(T., 1899, 75, 368). It is concisely expressed by its author thus: 
“ According to the commonly accepted views of stereochemistry, a 
continuous chain of five carbon atoms will all but return on itself, 
and, beyond this, further additions to the chain will lead to such 
interference as must necessitate a readjustment of the exact posi- 
tions occupied by the carbon atoms in a shorterchain. It is surely 
highly probable that this stereochemical change should be betrayed 
by some irregularity in the rotatory manifestations, for example, 
by the exhibition of a maximum rotation in those series in which 
the ascent of the series leads to an increase in the rotatory power.”’ 
In Part IV. of this series of investigations (T., 1913, 103, 1923) 
a series of alcohols of the general formula C,H;-CH(OH)-R was 
described which exhibited well-defined maxima on the curve con- 
necting the molecular rotatory powers and molecular weight, when 
the number of carbon atoms in the growing chain R was 5 and 6 
or 10 and 11. This afforded very definite evidence of the correct- 
ness of Frankland’s view, and with the object of seeking further 
confirmation of this view the acetates and the n-heptoates of this 
series of alcohols have been prepared and carefully investigated. 
Moreover, in Part V. of this series (this vol., p. 830) a large 
number of esters of the carbinols of the formula CH,-CH(OH)-R 
were described; in the various homologous series of these esters, 
ranging in each case from the acetate to the stearate, it was found 
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generally that the specific rotatory powers of the different members 
of any one series rose to a maximum for the n-valerate, and after 
that fell steadily for the succeeding members of the series. 

It will be noticed that this second case is quite different from 
the first one in that the growing chain (*CO-R, the acyl group) 
is not directly attached to the asymmetric carbon atom, but only 
by means of the intervening oxygen atom, whereas in the case of 
the “ethyl” series of carbinols the growing chain -R is directly 
attached to the asymmetric carbon atom. 

In order to see if any additional evidence could be obtained as 
to the applicability of Frankland’s suggestion to a homologous 
series of esters derived from one and the same alcohol, there has 
also been prepared a number of esters of d-y-nonanol ranging from 
the acetate to the stearate. 

It is remarkable that, with the exception of the derivatives of 
methylethylcarbinol and ethylpropylcarbinol, all the esters described 
in this paper have in the homogeneous state rotatory powers of 
opposite sign to those of the parent alcohols, and do not exhibit 
under any of the experimental conditions tried anomalous dis- 
persion, whilst in no instance is there any apparent reason to 
suppose that esterification has been accompanied by a change in 
the configuration of the molecule. 

These compounds afford a very good example to show that a 
very small change in chemical constitution may bring about a large 
alteration in optical rotatory power. The seventy-three esters pre- 
pared from the carbinols of the formula CH,-CH(OH)-R (see 
Part V.) had in the homogeneous state at the ordinary temperature 
rotatory powers of the same sign as that of the parent alcohols, 
whereas in the esters now described the replacement of the methyl 
group by the ethyl group causes a change of sign from that of the 
rotatory powers of the parent alcohols. 

On referring to the first curve in Fig. 1, it will be noticed that 
the molecular rotatory powers, {M]5°, of the normal esters of 
d-y-nonanol,* when measured in the homogeneous state, lie on a 
curve which exhibits deviations from regularity at the positions 
for the n-valerate, and also for the n-decoate and n-undecoate. 

It will be seen from the second curve in the same diagram that 
the molecular rotatory powers of the esters, {M]p>°, determined in 
approximately 5 per cent. ethyl-alcoholic solution, lie on a curve 
which is somewhat similar in character to the curve representing 


* Throughout this paper the letters d- and /- prefixed to the name of a substance 
are intended to indicate merely the sign of the rotation of the substance, and not 
any views as to the relative configurations of the carbinols and their respective 
esters, 
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the molecular rotatory powers of the esters in the homogeneous 
state, but differs from it in not showing any deviations from strict 


Rotatory Powers {M)2°° of the -Esters of ¥-Nonanol 


! In Homogeneous State 
» Ethyl-alcoholic Solution (6 per cent.) 


», Carbon Disulphide Solution (6 per cent.) 
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| 
} 


J 


Number of Carbon Atoms in Acyl Group 
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regularity at the positions for the valerate or the decoate aid 


undecoate. 
The third curve in the diagram was obtained by plotting the 
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molecular rotatory powers, [M]p°, of the esters determined in 
approximately 5 per cent. carbon disulphide solution. This curve 
exhibits well-defined deviations from regularity at the positions 
for the valerate and for the decoate and undecoate, but whilst the 
general character of the curve is similar to that of the two others, 
it will be noticed that the deviations from regularity are in an 
opposite sense to those exhibited by the first curve. 

Regarding these deviations as mere changes in the more or less 
regular variation of the magnitude of the molecular rotatory 
power, these results may be tabulated thus: 

(1) In the homogeneous state, a special exaltation. 

(2) In ethyl-alcoholic solution, no irregularity. 

(3) In carbon disulphide solution, a special depression is shown 
at the positions in the series where the member (or members) con- 
tains a growing chain with five and ten (or eleven) carbon atoms 
respectively. 

In the homogeneous state, similar curves showing exaltations at 
the valerate and at the decoate and the undecoate were obtained 
when the molecular rotatory powers were determined for the green 
light and for the violet light of the mercury vapour lamp. 

Curves of a similar character and showing similar exaltations 
were also obtained when the determinations were carried out on 
the substances in the homogeneous state at a temperature of 100° 
with each of the three lights mentioned. It is thus seen that the 
exaltation is independent (at any rate between the limits deter- 
mined) of the wave-length of the light employed, and also of the 
temperature at which the substances are examined. 

In the ethyl-alcoholic solutions, the determinations of the mole- 
cular rotatory power of the esters for the green light of the 
mercury vapour lamp when plotted were all found to lie on a 
quite regular curve similar to that for the sodium-light determina- 
tions, but in the determinations with violet light the curve was 
found to exhibit well-defined depressions at the values for the 
hexoate and also for the decoate and undecoate. 

The solutions of the esters in carbon disulphide when examined 
with green light were found to give a curve for their molecular 
rotatory powers which exhibited a well-defined exaltation at the 
position for the valerate, and also a well-defined depression at the 
positions for the decoate and the undecoate. On the other hand, 
when these same solutions were examined with violet light the 
curve for the molecular rotatory powers showed exaltations at the 
positions for both the valerate and the undecoate. 

Although this evidence is somewhat scanty, it would thus appear 
that, under certain conditions, some members of a homologous 
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series, owing to their special stereochemical configuration, exhibit 
deviations, not only from what may be called the normal mole- 
cular rotatory power, but also irregular variations in the dis- 
persive power, which is, as a rule, constant throughout a series. 

In an attempt to find a relation between temperature and rota- 
tion (T., 1913, 103, 156), Patterson suggests that the values of 
the rotations of a number of substances of closely related con- 
stitution will all be found to lie on a series of sine curves of 
the form a=e~%sin (b¢ +c). 

From the data given in the experimental part of this paper, it 
will be found that the rotations for light of three different wave- 
lengths of practicaily all of the esters described in this communica- 
tion—which have been determined over a range of nearly 200°— 
lie on curves which, within the limits of experimental error, are 
straight lines. It would thus appear that the curves of which 
these straight (or very nearly straight) lines are postulated by 
Patterson to form a part must be of very great amplitude 
indeed.* 

Dealing now with the acetates of the carbinols of the series 
C,H;-CH(OH):R, it will be seen from Fig. 2 that the curves 
for values for both the specific and the molecular rotatory powers, 
determined in the homogeneous state at 20°, are altogether different 
from those for the specific and molecular rotatory powers of the 
carbinols from which the acetates are derived (see Part IV., 
pp. 1924, 1926). Whereas the curves for the molecular rotatory 
powers of the carbinols, both in the homogeneous state and in 
solution, exhibit well-defined exaltations at the positions where 
the growing chain R contains 5 or 6 and 10 or 11 carbons, it will 
be seen that in the curves for the molecular rotatory powers of 
the acetates, measured both in the homogeneous state at 20° and 
in ethyl-alcoholic solution, there are no such well-defined exalta- 
tions. After the somewhat erratic values for the first few members 
of the series, there is a slight exaltation at the position for the 
acetate of ethylamylcarbinol (that is, where R contains 5 carbon 
atoms), but after that the values for the remaining members of the 
series all lie on a curve which is very nearly a straight line. 

When the molecular rotatory powers of the acetates are deter- 
mined in carbon disulphide solution they are found to give a 

* The temperature-rotation curves for these esters, being straight lines, can be 
thrown into the form of the equation: y=ma+e. 

It is then found that when the values for c are plotted against molecular weight a 
perfectly regular curve is obtained. If, however, the values for m are plotted in 
the same way, the regularity of the slope of the curve is markedly interrupted at the 


values for the valerate and hexoate and again at those for the decoate and 
undecoate. 
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curve which does to some extent resemble the curve for the mole- 
cular rotatory powers of the parent carbinols in that it does 
exhibit small depressions at the positions where thé growing chain 
(R) contains 6 and 10, 11 and 12 carbon atoms respectively. 

For purposes of comparison, the n-heptoates of a number of the 
carbinols of the series C,H,-CH(OH)-R were also prepared, and 
their molecular rotatory powers determined in ethyl-alcoholic and 
carbon disulphide solution. The curves which they give on 
plotting are similar in character to those given by the molecular 
rotation values of the acetates of the same series of carbinols, but 
show some indications of a depression (in magnitude) occurring 
at the positions where the growing chain (R) contains 5 and 10 
and 11 carbon atoms respectively. 

It thus appears that one of the effects of introducing an acyl 
group into the members of a homologous series of optically active 
alcohols of simple constitution is to produce a homologous series 
of esters in which the specific action of the growing chain on the 
molecular rotatory powers of the compounds is to a great extent 
nullified—possibly owing to a readjustment of the relative posi- 
tions of the four atoms or groups of atoms attached to the 
asymmetric carbon atom in each case. 

It is perhaps of interest to note in this connexion that the 
difference between the magnitudes of the molecular rotatory 
powers, {M]p”, in the homogeneous state of the parent alcohols and 
of the. corresponding acetates varied from —19° (approximately) 
in the case of d-8-butanol through zero for diethylearbinol to +4° 
for d-y-hexanol, and then, increasing rapidly, gives values which 
vary between +16°8° and +22°6°. When these values are plotted, 
the curve is found to exhibit distinct exaltations at the positions 
where the growing chain R contains 6 and 10, 11 and 12 carbon 
atoms respectively. 

This, of course, follows from the relations described in Part IV. 
between the magnitudes of the molecular rotatory powers, [M]p”, 
of the carbinols in the homogeneous state and what has been 
stated above for those of their acetates. 

In a very interesting note (P., 1913, 29, 357), Clough* deals 


* Clough states that ‘‘the dextrorotatory carbinols of the two series may be 
configuratively represented by the formule 


OH, C,H; 


| 
H—C—OH n—b_on 
R R 
‘* d-Methyl ” series. ‘*d-Ethyl”’ series, 
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with the configuration of the optically active normal secondary 
alcohols described in Parts I. and IV. of this series of investiga- 
tions; these two series of carbinols have, respectively, the general 
formule CH,;-CH(OH)-R and C,H;-CH(OH)°R, and Clough 
suggests that dextrorotatory methylethylearbinol is the first 
member of the “d-methyl” series, and that levorotatory methyl- 
ethylcarbinol is the first member of the “d-ethyl” series, the 
symbol “‘d”’ being here used to denote the configuration. 

It was thought that the investigation of the series of acetates 
described in this present paper would have furnished some definite 
evidence as to the correctness or otherwise of the view put forward 
by Clough. As a matter of fact, so far as the rotations of the 
homologous series of acetates are concerned, the evidence is not 
very conclusive, as the following considerations show. 

In the homogeneous state, the acetate of dextrorotatory methyl- 
ethylcarbinol (“‘y-,” otherwise B-butanol) is of positive rotation, 
and the acetate of diethylcarbinol is, of course, inactive, whilst the 
acetates of the dextrorotatory carbinols from ethylbutylcarbinol 
(y-heptanol) on to ethylpentadecylcarbinol (y-octadecanol) are all 
of negative rotation. The values for the rotatory powers of these 
esters all lie on a continuous curve which passes through a zero 
value at the acetate of diethylcarbinol; but the acetate of dextro- 
rotatory ethylpropylearbinol (y-hexanol) is positive in rotation,* 
and hence, in order to fit this point on the curve, it is necessary 
for the curve to have a second zero value lying somewhere between 
the positions for the acetates of y-hexanol and y-heptanol, and for 
this there is apparently no theoretical justification. 

When, however, the acetates of the above series have their 


and that the simplest optically active members of the two series may therefore be 
represented by the formule 


CH, 


| 
H—C—OH 


| 
C,H; CH 


‘*d-Methyl” series. ‘* d-Ethyl series. 
It seems to the present author, however, that there is no reason why, if the 
formula for the ‘‘d-Methyl” series is taken as given above, the formula for the 


C,H, 


**d-Ethyl” series should not be so-b—H instead of the one given by Clough, 
| 


R 
in which case dextrorotatory methylethylcarbinol would be the first optically 
active member of both of the ‘‘d’’-series of carbinols. 
* See section in the experimental part on the resolution of ethylpropylearbinol. 
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Fie. 3.* 


Characteristic Diagram 
of 
d-y-Nonanol and its n-Esters 
used for the 
n-Esters of other Carbinols of the 
Formula CsH;‘CH(OH)R 


#Y-Nony! Propionate im 


Acetate 


Propionate 


L 
2 
3 » Meptoate 
4 
6 


Acetate 


hloroform 


| Homogeneous at 20 


—48° 
b 
Rw" 


* This characteristic diagram, which was constructed from the specific rota- 
tion data of d-y-nonanol and its esters and also of the other esters described in 
this paper, is here used in order to show that it is highly probable that dextro- 
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molecular rotatory powers determined in solution (ethyl alcohol 
or carbon disulphide), it is found that the rotation of the acetate 
of dextrorotatory ethylpropylearbinol (y-hexanol) is of opposite 
sign to that of the parent carbinol, and thus makes the curve for 
the rotation values of the acetates quite continuous and regular. 
Thus it would seem that, for rotatory powers determined in solu- 
tion at any rate, dextrorotatory B-butanol is the first member of 
each of the series of carbinols 


d-CH,-CH(OH):R and d-C,H,-CH(OH)-R. 


In Parts V. and VI. of this series it was shown that the specific 
rotatory values of whole series of derivatives of some one parent 
(or series of parent) optically active alcohol—as well as the specific 
rotatory values of the parent alcohol itseli—could be made to fit 
on a “characteristic diagram,” a device due to Armstrong and 
Walker (Proc. Roy. Soc., 1913, [A], 88, 388). It was found, 
moreover, that rotation values of only one enantiomorphous form of 
an optically active compound and its derivatives would fit on one 
characteristic diagram; the rotation values for the other enantio- 
morphous form of the alcohol and its derivatives were found to 
fit on a second characteristic diagram which is the mirror image 
of the first one. 

This seems to afford a rough method of finding out whether in a 
given group of homologous compounds all have the same configura- 
tion. To take a particular case, the characteristic diagram for 
the esters of dextrorotatory y-nonanol has been constructed 
(Fig. 3); on this diagram there will lie the specific rotation values 
of dextrorotatory y-nonanol, of its esters, and also of the acetates 
and heptoates described in this communication, including the 
acetate of dextrorotatory methylethylcarbinol and the carbinol 
itself, provided that all these substances have the same con- 
figuration. 

If, now, the rotation values of levorotatory y-nonanol, of 
levorotatory methylethylcarbinol and of its acetate are obtained 
(by merely arbitrarily changing the signs of the rotations of the 
dextrorotatory compounds), it is found that they do not fit on the 


rotatory 8-butanol has the same configuration as the other dextrorotatory carbinols 
of the ethyl series. The points 13 and 15 represent the specific rotatory values of 
d-B-butanol and d-B-butyl acetate respectively, and it will be seen that they 
lie on the diagram; on the other hand, the points 14 and 16, which represent 
the specific rotatory values of /-8-butanol and /-8-buty] acetate, are seen not to fit 
on the diagram. 

The points 10 and 17 represent the specific rotatory values of d-y-nonanol and 
l-y-nonanol respectively, and of these it is seen that only the first fits on the 
diagram. 
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characteristic diagram thus drawn, but do fit on a diagram which 
is the mirror image of the first one. 

This method of plotting gives results, then, which go to sup- 
port the evidence of the molecular rotation values of the acetates 
observed in solution, that despite the purely theoretical specula- 
tions of Clough, dextrorotatory methylethylearbinol is the first 
member, not only of the ‘“dmethyl” series, CH;-CH(OH):-R, but 
also of the “d-ethyl”’ series, C,H,-CH(OH)-R. 


Ex PERIMENTAL. 


Resolution of Various Carbinols of the Series C,H;-*CH(OH)-R. 


For the purpose of this investigation it was in many cases 
necessary to repeat the resolutions of the carbinols dealt with in 
Part IV. of this series of investigations. The results obtained 
during this repetition were quite similar to those already pub- 
lished (loc. cit.), so that no further mention of them is necessary. 

It must, however, be said at once that the data given for ethy]l- 
propylcarbinol must be accepted with reserve, as in spite of a very 
large amount of laborious work, detailed in another paragraph, 
there is no certainty that the resolution has been carried to 


completion. 


The Resolution of Ethyl-n-propylcarbinol. 


The resolution of this carbinol has already been described in 
Part IV. of this series (T., 1913, 103, 1942). It is there stated 
that the /-carbinol was obtained from the more insoluble portion 
of the brucine salt of the hydrogen phthalic ester, and the 
d-carbinol from the more insoluble portion of the strychnine salt 
of the hydrogen phthalic ester. The hydrogen phthalates thus 
obtained had [a], —4°12°, +4°18°, and —3°75°, +3°77° in chloro- 
form and ethyl alcohol respectively. 

On repeating this resolution with some fresh dl-hydrogen 
phthalic ester, it was found that the brucine salt behaved in a 
very erratic manner; the filtrates from the numerous crystalline 
crops of salt were decomposed, and yielded hydrogen phthalic 
esters, the rotations of which varied in a very irregular manner 
from [a], —1:9° to +6°0° in alcohol, whilst the brucine salt, which 
had been crystallised five times successively from acetone, gave a 
hydrogen phthalate which had [a], only —2°3° in ethyl alcohol. 
This same brucine salt, after seven more crystallisations, gave a 
hydrogen phthalate, the rotation of which was exactly the same. 
It thus appears that the most insoluble brucine salt yields 
a l-hydrogen phthalic ester not free from racemate. The above 
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resolution was carried out in a manner which was believed to be 
quite similar to the one previously described (loc. cit.), and since 
the initial d/-hydrogen phthalic ester gave a correct titration value 
and had the same melting point as the previously described com- 
pound, no explanation of this peculiar behavicur can at present 
be given. The strychnine salt, on the other hand, behaved 
similarly to the previously described salt (loc. cit.), but on 
increasing the number of crystallisations gave a d-hydrogen 
phthalic ester of higher rotation than that previously published, 
namely, [a], + 6°0° in ethyl-alcoholic solution. This resolution was 
again carried out with fresh material, using this time methyl 
instead of ethyl alcohol as solvent, and again a hydrogen phthalic 
ester of [a], +6°0° was obtained. 

In order to make more sure that this time the resolution was 
complete, the quinidine salt was prepared. This forms fine, silky 
needles, which readily separate out from acetone. After five or 
six crystallisations from acetone the salt was obtained with a 
constant rotation (given below); it was then decomposed in the 
usual way, and a hydrogen phthalate was obtained with a rotation 
({a]) —7°49°) a little higher than that possessed by the d-hydrogen 
phthalate from the strychnine salt. It was then distilled in a 
current of steam from excess of sodium hydroxide, and the carbinol 
thus obtained was used for preparing the acetate and heptoate 
described in this paper. The following are the data for this 
resolution. 

TaBeE I. 
Strychnine Salt of d-Ethyl-n-propylcarbinyl Hydrogen Phthalate, 
m. p. 191—192°. 


Length Wt. of 
oftube. solute. 
Solvent. * : cm. Grams. Ap. a Gyis 
Chloroform 1-1093 —2-81° —3-55° —7-67° 
[a Jer. [a]vi- [M).. [M]gr- [M]vi- 
29-10° 62-88° 134-5° 169°9° 367°2° 


Quinidine Salt of 1-Ethyl-n-propylearbinyl Hydrogen Phthalate, 
m. p. 161—162°. 
Length Wt. of 
of tube. solute. 
Solvent. cm. Grams. Ap. Ayre Gyis 
Ethyl alcohol 22 10416 +14-04° +16-89° +431-25° 
[a Jer. [a]y;- [M]p. [M],r- [M]vi- 
122-5° 147-3°_.272-7° 703-0° 845-7" 1565-0° 
* All solutions for the observations of rotatory power recorded in this paper were 
prepared by making up abont 1 gram of the substance to 20 e.c. with the solvent at 
the temperature of the laboratory, at which temperature all observations were 
also made 
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d-Ethyl-n-propylcarbinyl Hydrogen Phthalate. 


Length Wt. of 
of tube. solute. 
Solvent. . Grams. ap. evs 
Ethyl alcohol 1-0325 +0-68° +0-73° 
Chloroform 1-2350 +0-70 +0-77 
1°0666 +0-45 +0-52 


tate (M}). [M]kr 


Ethy] alcohol -99° 43° 11-45" «14:97 16-07" 
Chloroform . . 10-30 12-88 14-17 


Carbon disulphide.. 3°83 4-45 8-35 9-58 11-08 


1-Ethyl-n-propylearbinyl Hydrogen Phthalate. 


Length Wt. of 
oftube. solute. 
Solute. . Grams. his tigi 


Ethyl alcohol y 0-9403 —0-75° —- 

Chloroform 1-0410 — 0°66 —0-76° 
[a]: [a]vi- (M].  ([M].. 

Ethyl alcohol . =: — 18-15° — 


Avie 
—1-35 
[M],i- 


Chloroform ° —6-64° —11-79 —14-41 —16-59° — 29-47° 


Tas_eE II. 
1-Fthyl-n-propylearbinol. Observed Rotations (4 ye wm,)- 


Ethyl-n-butylearbinol. 


The resolution of this carbinol was carried out again, and the 
results were quite similar to those given in Part IV. of this series. 
The following additional polarimetric determinations were made. 


Tas_eE III. 


Strychnine Salt of d-Ethyl-n-butylcarbinyl Hydrogen Phthalate. 


Length Wt. of 
of tube: solute. 
Solvent. . Grams. pe 


Ethyl alcohol 0-9290 —152° —L-91° 


[a}y = [aie (MJ. = (MJgr- 
—14:87° —18-69° —41-69° —88-94° —111-8° 


Gyie 

— 4-26" 
[M]vi- 

— 249-3" 
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d-Ethyl-n-butylcarbinyl Hydrogen Phthalate. 


Wt. of 
solute. 
Solvent. . Grams. Ape gre Avis 
Ethyl alcohol 0-9972 +2-14° +2-54° ++4-820 
Chloroform 22 0°9932 +1-61 +1:87 +3-30 
[a Jere [a]}vi- [M})- [M],r- [M] vie 
Ethyl alevhol ... +19-51° +23-15° +43-93° +51-50° +61-12° +116-0° 
Chloroform +16-21 +1882 +33-23 +4280 +49-71 +87-72 


The carbinol from this hydrogen phthalic ester gave in a 1-dem. 


tube 
al” 46°89, al” 48-12", all” +13-30°. 


A crystalline quinidine salt was also obtained, but it was of 
little value for purposes of resolution, as its rotation changed only 
very slightly with recrystallisations. 


Resolution of y-Nonanol. 


The resolution of y-nonanol has been described in Part I. of 
this series of investigations; for the purpose of preparing the esters 
described in the present communication, the resolution mentioned 
above has been carried out on a much larger scale. To the 
hydrogen phthalate of y-nonanol (1310 grams) dissolved in acetone 
was added brucine (1965 grams), and the whole heated on a water- 
bath until solution was complete. On carrying out the fractional 
crystallisation in the usual way, there was obtained about 550 
grams of pure brucine salt. This, on decomposing, yielded 200 
grams of pure d-hydrogen phthalate, and the latter when hydro- 
lysed gave 100 grams of the pure d-y-nonanol. 

The more soluble portions of the brucine salt were decomposed, 
and the hydrogen phthalate obtained from it was converted into 
the cinchonidine salt. This latter was submitted to fractional 
crystallisation from acetone, and there was eventually obtained 
about 50 grams of the pure /-y-nonanol. The d-y-nonanol in a 
2-dem. tube gave at 18°5° the following figures: 


a +13°46°(/=2), a, +15°84° (7=2), a,; +26:04° (/= 2), 
whence 


er 


[aps* +8149,  [a}®* +960, [a8 + 15-752. 


Preparation of the Esters. 


Of the esters, the acetates, the propionates, and the n-butyrates 
were obtained by using the corresponding acid anhydrides; the 
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others were prepared by the interaction in pyridine solution of the 
carbinol and the corresponding acid chloride. The products, after 
working up in the usual way, were obtained as substances of 
constant boiling point, and their purity was checked by the deter- 
mination of their refractive indices and by ascertaining that their 
rotatory powers had become constant. In Part V., p. 850, it is 
mentioned that, in the case of the n-butyrates there described, 
several fractional distillations are necessary before the ester 
possesses a constant rotatory power and a refractive index which 
fits on the curve when the refractive indices of the series of esters 
are plotted. It has since been found that the excess of butyric 
anhydride used in the preparation of these esters is hydrolysed 
only very slowly, and the most satisfactory method of removing it 
is to allow the reaction mixture to remain for several days in 
contact with sodium carbonate solution, the whole being repeatedly 
shaken vigorously. The same remarks apply, only to a much less 
extent, to the propionates. At the end of the investigation the 
whole of the esters were hydrolysed, and the recovered alcohol was 
found to have an unaltered rotatory power, thus showing that no 
racemisation had taken place either during the preparation of the 
esters or in the subsequent heating of them. 


n-H eptoates. 


Owing to lack of material, the n-heptoates of only some of the 
carbinols were prepared, and these only in small quantities. The 
boiling points are tabulated, below, but the amounts available did 
not allow of the determination of the refractive indices. The 
optical purity of these esters was, however, checked by the regenera- 
tion of the respective alcohols, which were found to be unaltered 
in rotatory powers. 

With three exceptions, the esters were obtained as clear, colour- 
less liquids possessing only faint odours; y-nonyl stearate, y-hexa- 
decyl acetate, and y-octadecyl acetate each solidified in the ice-box 
to crystalline masses, which melted, respectively, at 20°, 19°, and 
27°. The physical constants of the esters are given in tables IV 
and V. 
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TaBLe IV. 
Esters of d-y-Nonanol, C,H;*CH(O-CO-R)-C,H,s. 


Boiling Difference 
Ester. point. ne, D2. n—1/D. M. for CH,. 


Acetate 99°/18mm. _ 1-4190 0-8620 90-4 
Propionate 1-4217 0-8597 98-1 
n-Butyrate y 1-4245 0-8580 105-9 
n-Valerate 33°/ 1-4267 0-8559 113-6 
n-Hexoate / 1-4298 0-8558 121-4 
n-Heptoate 1-4325 0-8574 129-1 
n-Octoate a 1-4345 0-8564 137-0 
n-Nonoate 4 1-4365 0-8558 144-8 
n-Decoate 1-4382 0-8555 152-6 
n-Undecoate 1-4394 0-8554 160-3 
n-Dodecoate 1-4415 0-8572 167-9 
Myristate 1-4443 0-8560 183-8 
Palmitate / 1-4463 0-8560 199-2 
Stearate 1-4479 0-8570 214-3 


JAI FIs ysyayyss 
DAO D100 OO “10 +10 =] 


bobo bo 
xX XX 


TABLE V. 
Acetates of the Series C,H;-CH(O-CO-CH,)-R. 


Boiling Difference 

point. n>, Dy. n—1/D.M. forCH,. 

111° 1-3877 0-8715 51-6 

131 1-3966 0-8712 59-2 

156 — 157° 1-4037 0-8672 67-0 

65°/17 mm. 1-4098 0-8647 74-8 

*81°/18 1-4147 0-8668 82-4 

99°/18 1-4190 0-8618 90-3 

111°/17 1-4223 0-8644 97-7 

125°/18 1-4254 0-8634 105-4 

143°/20 1-4277 0-8602 113-2 

152°/14 1-4295 0-8620 120-6 

n-Undecyl 164°/15 1-4324 0-8609 128-5 
n-Dodecyl 178°/18 1-4349 0-8602 136-6 
n-Tridecyl 189°/16 ,, 1-4370 0-8590 144-5 
n-Pentadecyl ... 166°/3 — 0-8600 — 


* Or 189°/768 mm. 


= 
o 
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TABLE VI. 


n-Heptoate of B. p n-Heptoate of B. p. 
d-8-Butanol 112/780 mm. | d-y-Tridecanol 160°/3 mm. 
l-y-Hexanol l-y-Tetradecanol “3 
d-y-Heptanol ....... | l--y-Pentadecanol j 

l-y-Octanol | l-y-Hexadecanol . 
d-y-Nonanol } l--y-Octadecanol 


Acetate of d-Ethylamylearbinol (y-Octanol)—Schimmel & Co. 
(“Semi-annual Report,” April, 1913) have described this com- 
pound, which they prepared from the d-alcohol by heating with 
acetic anhydride and sodium acetate. Although the observed rota- 
tion of the alcohol prepared by them, namely, a, +6°43°, was less 
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than that (a, + 6°79°) described in Part IV. of this series of com- 
munications, yet the acetate prepared from it had aj —4°76°, 
which is higher than that (aj? —3°73°) possessed by the acetate of 
the alcohol described in this communication. The preparation has 
been repeated, but the result is the same; it was noted that 
Schimmel’s acetate was prepared by using sodium acetate and 
acetic anhydride, whereas the acetate described in the present paper 
was prepared by the use of the anhydride alone. In order to 
test whether this had any effect on the rotation of an acetate pre- 
pared by the different method, two lots of d-8-octanol were 
esterified with acetic anhydride, one portion having added to it 
sodium acetate which had been dried at 110°, and the other por- 
tion sodium acetate which had been recently fused. The f-octyl 
acetate from both preparations had the same rotatory power, and 
this was identical with the rotatory power of the B-octyl acetate 
described in Part V. of this series, which was prepared by the 
use of acetic anhydride alone. 


Observed Rotations of the Homogeneous Esters. 


The rotations of the esters have been observed at different 
temperatures, ranging from 15° to 200°, in a 50 mm. tube, round 
which heated mineral oil was caused to circulate by means of a 
small pump. The temperature at which a given rotation was 
determined was taken both before and after the polarimetric read- 
ings. Three sets of readings were made: (1) with the light from 
an ordinary sodium vapour flame passing through a solution of 
potassium dichromate; (2) with the green mercury vapour light; 
and (3) with the violet mercury vapour light, in the two latter 
cases a direct-vision spectroscopic eye-piece being used. 


TaBLE VII. 


Specific and Molecular Rotatory Powers* of Esters Prepared 
from d-y-Nonanol. 


y-Nonyl Acetate, C,H,,*;CHEt-O-CO-CHs. 


e =D [a]. [a]... [a]\,. (MJ; (MI, [M]\,. 
20° 0-8618 —5-21° —6-27° —11-47° —9-69° —11-65° —21-33° 
0-8441 6-29 11-43 9-69 11-70 21-25 
0-8270 “28 6-34 11-47 9-76 11-79 21-33 
0-8095 . 6-39 11-56 9-79 11-90 21-50 
90-7921 . 6-43 11-68 9-91 12-04 21-73 
0-7750 . 6-58 11-79 10-03 12-24 21-93 
0-7578 6-64 11-88 10-18 12-34 22-10 
0-7405 . 6-67 11-98 10-25 12-41 22-30 


* Deduced from observations recorded on pp. 2258—2260. 
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y-Nonyl Proyionate, C,5H,,°CHEt:O-CO-C,H;. 


— [a}. fat» Caley [My (Myf, [My:,. 
20° 0-8601 —5-87° —7-00° —12-55° —11-74° —14-00° —25-10° 
0-8439 6-81 12-27 11-35 13-63 24-54 
0-8270 6-67 12-03 11-05 13-35 24-06 
0-8100 6-58 11-85 10-87 13-16 23-70 
0-7930 6-51 11-70 10-72 13-01 23-40 
0-761 6-40 11:54 10-69 12-81 23-08 
0-7595 6-39 11-39 10-60 12-77 22-78 
0-7427 6-42 11-27 10:56 12-84 22-54 


y-Nonyl n-Butyrate, C,H ,;°CHEt:O-CO-C,H,. 


0-8575 —3-38° —4-11° —7-59° —7-24° — 8-79° — 16-25° 
0-8409 3°31 4-05 7-54 
0-8243 3°27 4-00 7-49 
0-8078 3-22 3-96 7:43 
0-7908 3-20 3°92 7-39 
0-7734 3°15 3°88 7:34 
0-7562 3-11 3°83 7-27 
0-7391 3-06 3°76 7-21 
0-7721 3-01 3-70 7-13 
0-7049 2-95 3°62 7-09 


y-Vonyl n-Valerate, C,H,,*CHEt*O-CO-C, Ho. 


0-8560 —3-12° —3-85° —7-18° —7-11° — 8-79° — 16-38° 
0:8399 3°01 ° 6-96 6-85 8-62 15-88 
0-8234 2-91 , 6-79 6-64 8-39 15-47 
0-8071 2-82 ° 6-60 6-43 8-13 15-05 
0-7910 2-73 * 6-41 6-23 7-85 14-61 
0-7747 2-63 ° 6-19 6-00 7-58 14-13 
0-7584 2-56 3: 6-00 5-84 7-29 13-68 
0-7420 2-49 . 5-78 5-68 7-04 13-18 
0-7258 - 2-41 ; 5-55 5-49 6-75 12-65 
0-7095 2-33 , 5-31 5-30 6-39 12-12 


y-Nonyl n-Hexoate, C.H,3*CHEt-O-CO-C;H),. 


0-8556 —2-66° —3-33° —6-23° — 6-45° — 8-06° — 15-08° 
0-8400 }° 7-78 14-61 
0-8250 . . 82 5s 7-55 14-08 
0-8089 . 02 ° 5-6 7-33 13-61 
0-7930 7-02 13-18 
0-7770 7-78 12-74 
0-7611 6-52 12-24 
0-7451 6-17 11-85 
0-7291 5-91 11-39 
0-7134 5-60 11-03 


y-Nonyl n-Heptoate, C,H,,*CHEt-O-CO-C,H,.. 


0:8575 —2-36° —2-91° —5-62° — 6-03° — 7-46° — 14-38° 
0-8416 2-26 2-82 5-39 5-78 

0-8255 2-18 2-70 5-16 
0-8093 2-10 2-59 4-95 
0-7932 2-02 2-50 4-79 
0-7770 1-93 2-39 4-59 
0-7610 1-84 2-30 4-42 
0-7445 1-76 2-19 4-23 
0-7284 1-68 2-09 4-09 
0-7125 1-59 2-01 3°96 


Ctr © C1 Go co 


or 
ie) 


PR OTT 
SwaA~a1d oo 
AaQOSoSoKP O-1 


2244 KENYON: INVESTIGATIONS ON THE DEPENDENCE OF 


y-Nonyl n-Octoate, C,H,3;°CHEt-O-CO-C_H,;. 
eS [a]. [a]! [a]¢. (MI. (My... (My. 


jgr° 
20° 0-8566 —2-10° —2-54° —4-94° — 5-67° — 6-87° — 13-33° 

0-8414 . 2-50 4-81 5-45, 6-74 

0-8260 ° 2-42 4-66 5-23 6-54 

0-8100 ° 2-35 4-54 5-00 6-33 

0-7941 . 2-28 4-39 4-76 6-15 

0-7782 ° 2-20 4-24 4-48 5-93 

0-7625 “i 2-12 4-06 4-18 5-74 

0-7468 , 2-03 3°91 3-87 5-49 

0-7312 . 1-95 3-73 3-58 5-28 

0-7155 : 1-87 3-56 3°24 5-06 


y-Nonyl n-Nonoate, C,H,,;>CHEt:O-CO-C,H,,. 


0-8560 —1-94° —2-45° —4-59° —5-50° —6-97° — 13-04° 
0-8410 1-84 2-38 4-46 5-23 6-75 12-67 
0-8260 1-76 2-29 4-33 4-99 6-50 12-29 
0-8114 1-68 2-22 4-21 4-76 6-30 11-97 
0-7965 1-59 2-11 4-08 4-53 5-99 11-59 
0-7815 1-48 2-02 3°94 4-22 5-74 11-19 
0-7668 1-37 1-93 3-79 3-89 5-48 10-77 
0-7518 1-26 1-83 3-66 3°59 5-19 10-39 
0-7370 1-15 1-74 3-49 3°27 4-93 9-92 
0-7220 1-04 1-63 3°31 2-95 4-62 9-40 


y-Vonyl n-Decoate, C,H,,*>CHEt*O°CO-CyH 4. 


0-8555 —1-90° —2-44° —4-38° — 5-68° — 7-28° 
0-8405 1-84 2-38 4-28 5-49 7-09 
0-8258 1-78 2-31 4-18 5-30 6-89 
0-8107 1-73 2-24 4-07 5-14 6-69 
0-7958 1-66 2-16 3-96 4-94 6-44 
0-7810 1-57 2-05 3°84 4-69 6-10 
0-7658 1-50 1-96 3°72 4-47 5-83 
0-7506 1-41 1-86 3-60 4-21 5-56 
0-7358 1-32 1-77 3°46 3°93 5-26 
0-7210 1-25 1-66 3°33 3°72 4-96 


y-Vonyl n-Undecoate, C,H,,*>CHEt*O-CO-C,,H,,. 


0-8543 —1-83° —2-28° —4-33° —5-70° —7-12° — 13-51 
0-8402 1-79 2-24 4-25 5-58 6-98 13-26 
0-8254 1-76 2-19 4-12 5-48 6-84 12-85 
0-8106 1-70 2-11 3°91 5-31 6-58 12-20 
0-7950 1-61 2-01 3°71 5-02 6-28 11-58 
0-7801 1-51 1-89 3°46 4-70 5-90 10-80 
0-7656 1-42 1-80 3°29 4-44 5-61 10-28 
0-7509 1-33 1-69 3-08 4-15 4-28 9-60 
0°7361 1-22 1-59 2-87 3°82 4-96 8-94 
0-7214 1-11 1-45 2-63 3°46 4-54 8-22 
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y-Nonyl n-Dodecoate, C,5H,,°CHEt:O°CO-C,, Hos. 


[a}-  [a]f,. [al,. (My. [My.. [MI,. 

20° 0-8573 —1-63° —2-08° —3-85° — 5-32° —6-77° — 12-54° 
08430 155 1-99 3-71 5-07 6-50 12-09 
08287 148 1-93 3-57 4-84 6-29 11-64 
08144 141 1-84 3-43 4-60 6-00 11-18 
08000 134 1-75 3-27 4-38 5-70 10-68 
0-7856 1:27 1-68 3-12 4-15 5-48 10-16 
07714 1:21 1-59 2-94 3-93 5-18 9-59 
07570 12 1-49 2-77 3-66 4-87 9-04 
07429 0-99 1-39 2-58 3-23 4-52 8-42 
0:7287 0-96 1-29 2-39 3-13 4-21 7-78 


y-Nonyl Myristate, Cg.Hj3;CHEt-O-CO-C,,Ho,. 


0-8560 —1-55° —2-01° —3-74° — 5-50° —7-11° — 13-23° 
0-8427 1-51 1-94 3°61 5-33 ° 12-77 
0-8282 1-47 1-87 3°46 5-21 ° 12-27 
0-8134 1-43 1-81 3°34 5-05 ° 11-84 
0-7989 1-34 1-73 3°19 4-85 . 11-30 
0-7843 1-27 1-64 3-03 4-51 ° 10-74 
0-7699 1-21 1-56 2-87 4-28 ° 10-16 
0-7554 1-15 1-48 2-71 4-08 : 9-61 
0-7410 1-08 1-39 2-54 3°82 . 8-98 
0-7260 0-99 1-28 2-34 3°51 . 8-29 


y-Nonyl Palmitate, CgH,,°CHEt:O-CO-C,;Hs,,. 
10° —12-77° 


89 12-48 
70 12-24 


0-8560 —1-49° —1-86° —3-34° —5-71° —7 

0-8418 1-46 1-80 3°27 5-58 6- 

0-8274 1-43 1-75 3°20 5-45 6- 

0-8130 1-39 1-67 3-11 5-31 6- 11-94 
0-7986 1-34 1-60 3-00 5-12 6- 11-48 
0-7847 1-30 1-55 2-93 4-97 5- 11-19 
0-7709 1-23 1-49 2-82 4-71 5: 10-77 
0-7560 1-16 1-39 2-71 4-45 5: 10-36 
0-7415 1-08 1-28 2-57 4-12 4 9-84 
0-7270 0-96 1-17 2-45 3°68 4- 9-35 


y-Nonyl Stearate, C,H,,;°>CHEt:O-CO-C,,H3,. 


0-8572 —1-49° —1-78° - —3-17° — 6-12° —7-31° 
0-8430 1-46 1-74 3-08 5-98 7-15 
0-8289 1-43 1-71 3-00 5-88 7-02 
0-8148 1-39 1-67 2-92 5-69 6-84 
0-8005 1-34 1-62 2-85 5-48 6-66 
0-7861 1-30 1-59 2-76 5-32 6-52 
0-7728 1-25 1-53 2-65 5-14 6-26 
0-7582 1-20 1-46 2-57 4-92 6-00 
0-7444 1-14 1-41 2-46 4-68 5-78 
0-7302 1-10 1-37 2-37 4-49 5-62 
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Taste XII. 


Specific and Molecular Rotatory Powers* of the Acetates derived 
from the Carbinols of the Formula C,H;*CH(OH)-R. 


Acetate of d-y-Hexanol, C,H;-CH(O-CO-CHs)-C,H,. 


; e Dh. [a]‘. [a] te [a]’.. [M]‘. (My. [M]‘.. 
20° 0-8677 +0-55° +0-65° +0-71° -+0-79° +0-93° + 1-03° 


40 0-8480 0-54 0-63 0-70 0-78 0-91 1-00 
60 0-8287 0-52 0-61 0-68 0-75 0-89 0-99 
80 0-8082 0-51 0-60 0-67 0-73 0-86 0-96 
100 0-7885 0-50 0-58 0-65 0-71 0-83 0-94 
120 0-7688 0-48 0-56 0-63 0-69 0-80 0-91 
140 0-7490 0-46 0-54 0-61 0-66 0-77 0-88 


Acetate of d-y-Heptanol, C,H;-CH(O-CO-CH,)*C,Hy. 


20° 08649 —4-68° —5-66° —10-44° —7-40° —8-95° — 16-47° 
40 0-8458 4-73 5-73 10-52 7-47 9-06 16-63 
60 0-8267 4-78 5-80 10-63 7-55 9-17 16-80 
80 0-8080 4-83 5-88 10-73 7-63 9-29 16-95 
100 0-7890 4-88 5-94 10-83 7-71 9-39 17-12 
120 0-7700 4-93 6-01 10-95 7-80 9-50 17-30 
140 0-7510 4-98 6-08 11-07 7:87 9-62 17-49 
160 0-7320 5-03 6-16 11-20 7°94 9-74 17-70 


Acetate of d-y-Octanol, C,H;-CH(O-CO-CH,)°C;H);. 


20° 0-8670 —4-30° —5-08° —9-63° —7-40° — 8-73° — 16-57° 
40 0-8489 4-37 5-15 9-75 7-52 8-85 16-77 

4 60 0-8300 4-46 5-24 9-88 7-54 9-01 16-99 

: 80 0-8110 4-54 5-34 10-02 7-80 9-18 17-24 
100 0-7920 4-61 5-43 10-16 7-93 9-34 17-48 
120 0-7722 4:71 5-54 10-30 8-12 9-53 17-71 

: 140 0-7546 4:77 5-63 10-43 8-21 9-69 17-94 

| 160 0-7359 4-86 5-73 10-59 8-37 9-86 18-21 

. 180 00-7174 4-96 5-85 10-74 8-53 10-07 18-46 


+ Acetate of 1-y-Decanol, C,H,-CH(O-CO-CH,)-C,H,,. 


20° 0-8642 +44-48° 45-40° +49-85° 48-96°  +10-80° +19-70° 
4 


40 0-8472 4-53 5-44 9-91 9-06 10-88 19-82 

60 0-8299 4-56 5-48 9-96 9-12 10-96 19-92 

80 0-8120 4-62 5-53 10-03 9-24 11-06 20-06 
: 100 00-7940 4-66 5-57 10-10 9-32 11-14 20-20 
1200-7760 4-72 5-61 10-20 9-44 11-22 20-40 

140 0-7580 4-77 5-67 10-29 9-54 11-34 20-58 

160 00-7405 4-82 5-70 10-40 9-64 11-40 20-80 

180 0-7229 4-87 5-74 10-49 9-74 11-48 20-98 
2000-7051 4-92 5-79 10-59 9-84 11-58 21-18 


* Deduced from data recorded on pp. 2260, 2261. 
T See table VII for acetate of d-y-nonanol. 
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Acetate of |-y-Undecanol, C,H,-CH(O*CO:CH;)-C,H),. 


e’. Dt. [a]}‘. [a]. [a]‘.. [M]‘. [M]f * [My.. 
20° 08635 +440° +5-11° +9-38° +9-42° +10-92° +20-07° 
40 0-8478 4-40 5-14 9-44 9-41 11-02 20-19 
60 0-8310 4-42 5-20 9-49 9-45 11-13 20-32 a 
80 0-8133 4-45 5-24 9-55 9-52 11-20 20-44 i 
100 0-7954 4-47 5-28 9-62 9-58 11-30 20-58 
120 0-7780 4-50 5-33 9-69 9-63 11-41 20-74 
140 0-7610 4-53 5-37 9-72 9-70 11-50 20-81 
160 0-7439 4-57 5-35 9-80 9-78 11-45 21-00 
180 0-7268 4-58 5-48 9-88 9-80 11-72 21-13 
200 0-7096 4-59 5-40 9-95 9-83 11-55 21-30 


Acetate of |-y-Dodecanol, C,H,*CH(O*CO-CH3)*CgH jo. ; 
20° 08602 +3-68° +4-43° +8-14° +8-40° -+10-09° +18-56° 


—— 


40 0-8452 3°64 4-38 8-04 8-31 9-98 18-33 
60 0-8298 3-59 4-31 7-98 8-19 9-83 18-22 
80 0-8132 3-57 4-28 7-93 8-13 9-76 18-08 
100 0-7968 3-55 4-24 7°88 8-10 9-67 17-97 
120 0-7799 3°59 4-23 7-89 8-19 9-65 17-99 

* 140 0-7632 3°63 4-26 7:97 8-27 9-71 18-18 f 
160 0-7470 3-71 4-28 8-05 8-45 9-77 18-35 
180 0-7310 3-80 4-31 8-19 8-66 9-83 18-67 

200 0-7149 3°85 4-36 8-37 8-77 9-95 19-08 


Acetate of |-y-Tridecanol, C,H;-CH(O°CO-CH3)°Cj Ho). 


20° 08620 +3-83° +4-61° -+8-49° + 9-26° +11-20° +20-55° 
40 0-8470 3°86 4-64 8-53 9-34 11-23 20-63 
60 0-8320 3-90 4-69 8-56 9-45 11-34 20-71 
80 0-8160 3°93 4-71 8-60 9-52 11-40 20-82 

100 0-7995 3°97 4-73 8-66 9-60 11-44 20-94 


© tailed ees 


120 0-7825 4-00 4-75 8-72 9-68 11-50 21-10 
140 0-7635 4-03 4-78 8-78 9-76 11-60 21-23 
160 0-7420 4-08 4-84 8-89 9-88 11-70 21-52 : 
180 0-7190 4-13 4-91 9-03 10-00 11-90 21-84 
200 0-6980 4:17 4-94 9-14 10-10 12-00 22-12 


Acetate of 1-y-Tetradecanol, C,H;*-CH(O-CO-CH,)°C,,Ho93. 


20° 08610 +3-69° +4-44° +48-17° +9-45° +11-36° +20-90° 


40 0-8457 3-70 4-46 8-22 9-47 11-41 21-03 
60 0-8307 3°73 4-49 8-27 9-55 11-49 21-16 
80 0-8154 3-76 4-51 8-33 9-64 11-55 21-31 
100 0-7999 3-79 4-56 8-38 9-70 11-68 21-44 
120 0-7850 3°82 4-58 8-44 9-78 11-74 21-62 
140 0-7699 3°86 4-61 8-52 9:88 11-80 21-81 
160 0-7545 3°91 4-64 8-59 10-01 11-88 21-99 


10-11 11-98 22-16 
10-22 12-05 22-39 


180 0-7395 3°95 4-68 
0-7243 3°99 4-71 
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Acetate of 1-y-Pentadecanol, C,H;-CH(O°CO-CH,)-C,.Ho; 


e. Di, 
20° 0-8601 
0-8455 
600-8308 
800-8158 
1000-8010 
1200-7859 
1400-7710 
160 0-7556 
1800-7410 
200 0-7260 


i 
i) 


[a]t. 

+3-68° 
3-67 
3-68 
3°69 
3°70 
3°70 
3°70 
3°71 
3-71 
3-71 


[alt,. 

+4-42° 
4-42 
4-43 
4-45 
4-47 
4-49 
4-51 
4-53 
4-52 
4-56 


[a]t,. 

+8-08° 
8-10 
8-12 
8-15 
8-18 
8-21 
8-23 
8-30 
8-37 
8-40 


(MJ. 
+9-95° 
9-90 
9-94 
9-96 
9-98 
10-00 
9-98 
10-01 
10-02 
10-01 


(My. 
+11-93° 
11-94 
11-96 
12-01 
12-07 
12-13 
12-19 
12-23 
12-21 
12-27 


(M]\,- 

+21-82° 
21-83 
21-94 
22-01 
22-08 
22-16 
22-24 
22-42 
22-59 
22-69 


Acetate of 1-y-Hexadecanol, C,H;-CH(O*CO’CHs,)°Cj,Ho,. 


20° 0-8590 

40 0-8447 

60 0-8300 

80 0-8148 

100 0-7993 

120 0-7847 

f 140 0-7701 
160 00-7552 
180 0-7408 
5 200 0-7259 


20° 0-8600 
40 0-8448 
60 0-8317 
80 0-8172 
0-8028 

120 0-7880 
: 1400-7732 
; 160 07587 

180 07442 
0-7298 


sie i 
_ 
[—] 
—] 


+3-19° 
3-21 


+2-98° 
3-01 


+3-86° 
3°87 


+3-72° 
3-53 
3-53 
3-55 
3-56 
3-58 
3°58 
3-60 
3-63 
3-63 


47-2 
7-25 
7-28 
7-30 
7-35 
7-39 
7-44 
7-50 
7-59 
7-69 


+6-63° 
6-65 
6-67 
6-71 
6-75 
6-79 
6-85 
6-89 
6-93 
6-99 


+9-06° 
9-11 
9-20 
9-27 
9-41 
9-52 
9-59 
9-66 
9-77 
9-86 


+9-28° 
9-38 
9-38 
9-43 
9-52 
9-54 
9-60 
9-70 
9-81 
9-88 


+ 11-00° 
11-00 
11-05 
11-05 
11-10 
11-11 
11-14 
11-17 
11-27 
11-34 


+11-61° 
11-01 
10-92 
11-08 
11-12 
11-16 
11-18 
11-23 
11-32 
11-33 


+ 20-6° 
20-6 
20-7 
20-74 
20-89 
20-99 
21-13 
21-28 
21-54 
21-83 


Acetate of 1-y-Octadecanol, C,H;-CH(O°CO*CH;)-C,;Hs). 


+20-68° 
20-76 
20-82 
20-92 
21-07 
21-18 
21-39 
21-51 
21-63 
21-81 
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Density Determinations. 


Esters of d-y-Nonanol. 


Acetate : 
ee ee 12° 31° 45° 67-5° 86° 123-5° 
ree 0-8685 0-8526 0-8402 0-8212 0-8051 0-7708 
Propionate 
4) 12° 43° 69° 95° 
a 0-8660 0-8420 0-8195 0-7962 
t 
n-Butyrate : 
Te ewe 17° 53° 86° 132° 
Sa 0-8602 0-8310 0-8027 0-7619 
n-Valerate : 
eS ae 16-5° 58° 95° 134° 
(a 0-8587 08269 0-7957 0:7630 
n-Hexoate : 
ee ea 15° 55° 85° 123° 
EE 0-8593 0:8295 0-8052 0-7742 
n-Heptoate 
"ees eee 16-5° 52-5° 86° 126-5° 
0-8600 0-8320 08052 0:7714 P 
n-Octoate : 
OR ae 17° 57° 90-5° 134° 
ee 0-8583 0-8287 0-8021 0:7670 
n-Nonoate : 
op eee 16° 56° 93° 131° 
a 0-8586 0-8301 0-8020 0-7735 
n-Decoate : 
err aren 7° 54° 86° 128° 
ESE 0-8576 08305 0-8071 0-7744 
n-Undecoate 
hae 14° 54° 93° 134-5° 
ee 0-8588 0-8301 0-8000 0-7694 
n-Dodecoate i 
i 16° 56-5° 99-5° 134° 
a 0:8600 0-8312 0-7990 0:7757 
Myristate : 
ae 18-5° 505° 91° 126-5° 
aici cs 0-8567 0-8351 0:8055 0-7791 
Palmitate 
ye Ee 17° 60° 93-5° 130-5° 


deadiaadecey 0-8575 0-8272 


57° 
0-8303 


ecocesevoces 24° 
eccccccccces 0-8543 


Acetates of 
d-y-Hexanol : 
ee 20° 52-5° 
Pe sinsdaae 0-8672 0-8376 
d-y-Heptanol : 
Aiea 20° 56° 
DE seccndinuns 0-8647 0-8317 
t 
d-y-Octanol : 
gies al 15° 53° 
DE cioscsas 0-8705 0-8388 
l-y-Decanol : 
4 ent aee 16-5° 52° 
‘ Oe catia ded 0-8662 0-8376 
l-y-Undecanol 
Se 17° 56 
UF catia 0-8652 0-8355 
l-y-Dodecanol 
Re Sai 16° 54-5° 
REE Ne 0-8627 0-8350 
l--y-Tridecanol 
Ee 14° 54° 
OD ccsitsideane 0-8653 0-8368 
l--y-Tetradecanol : 
ee ere 16° 56° 
OE Aes 0:8638 0-8341 


gees 18-5° 50° 
OF cnsasduauns 0-8611 0-8381 


B  hhsedasbease 17° 60° 
stneeegscoon 0-8313 


Density Determinations (continued). 


87° 
0-8007 


84° 


0-8051 


85° 
0-8073 


86° 
0-8078 


90° 
0-8042 


92° 
0-8038 


92-5° 
0-8054 


99-5° 
0-7996 


91° 
0-8072 


93° 
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Esters of d-y-Nonanol. 


Acetate : 
EL winand 19° 
Oh -casaes —4-50° 
ee 19° 
Gis scesce — 5-40° 
Odes 19° 
WG sch — 9-90° 
Propionate : 
2 -condes 21° 
An ceeses aa 5-02° 
RN: ~ ceaien 21° 
Mit scence — 6-00° 
Eda 31° 
Ayj ceccee 
n-Butyrate 
© Geese 20° 
An cseeee -_ 2- 92° 
ams 20° 
Dis ‘esaaan —3-52° 
i. nace 20° 
Ayji ccesee —_ 6-52° 
n-Valerate 
- aero 19° 
tenons — 2-68° 
DE hasnt 19° 
Si iexecen — 3-30° 
e ceaues 19° 
Mek ecdeas —6-16° 
» Hexoate 
aoe Oe hg 
ks enaien — 2-32° 
> sdandecs I i 
is ecense — 2-86° 
A siete 17° 
Ayi ecesee —_ 5-38° 
n-Heptoate 
D  cemnas 19° 
eae — 2-02° 
ae 19° 
Gee deeses — 2-52° 
arenes 19° 
a — 4-82° 
n-Octoate : 
eas 22° 
An cseoeee = 1-80° 
BD Ores 24° 
Pins <eeies —2-16° 
re 24° 


51° 
—4.38° 

50° 
—5-30° 

50° 
—9-58° 


70° 
— 4-48° 
63° 
—4-50° 
63° 


— 10-76° —9-88° 


70° 
—4-30° 

70° 
—5-18° 

70° 
—9-40° 


100° 
—4-26° 

100° 
—5-20° 

100° 
—9-28° 


> i ig 
— 2-42° 
118° 
— 3-02° 
118° 
— 5-60° 


121° 
—2-02° 

121° 
—2-54° 

121° 
—4-80° 


128° 
—1-66° 
128° 
—2+10° 
126° 
—4-02° 


89° 

— 1-64° 
89° 

— 2-04° 
91° 

— 3-78° 


110° 
— 1-34° 
110° 
— 1-76° 


110° 
—3-42° 


89° 
— 4-26° 
104° 
—5-14° 
106° 
—9-30° 


126° 
—4-12° 


126° 
— 4-92° 


126° 
— 8-86° 


175° 
— 2-22° 
174° 
— 2-70° 


174° 
— 5-20° 


168° 
— 1-84° 
149° 
— 2-38° 


149° 
—4-40° 


186° 
— 1-40° 
186° 
— 1-76° 
186° 
— 3-38° 


169° 
—1-26° 


168° 
— 1-58° 


168° 
—3-12° 


169° 
—1-04° 
169° 
— 1-48° 
169° 
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133° 
—4-18° 
133° 
— 5-06° 
133° 
— 9-02° 


155° 

—3-94° 
155° 

— 4-80° 
157° 

— 8-42° 


168° 
— 2-24° 


168° 
—4-20° 


Observed Rotations (199 wm. ) 1% the Homogeneous State of the 


160° 
—4-08° 
160° 
—4-92° 


164° 
— 8-82° 


eubbe i 


ROTATORY POWER ON CHEMICAL CONSTITUTION. PART VII. 2259 


Observed Rotations (ajo) wm.) in the Homogeneous State of the 
Esters of d-y-Nonanol (continued). 


n-Nonoate : 


ans 22° 73° 115° 171° 

is: cence —1-66° —1-42° —1-24° —0-94° 

cues 22° 67° 114° 168° 

es daca —2-10° —1-84° —1-60° —1-36° 

 aaeereres 22° 69° 114° 

ennai —3-90° —3-52° —3-12° 

n-Decoate : 

j iets 19° 60° 113° 147° 170° 
} Ra cada —1-64° —1-42° —1-24° —1-10° —1-02° 
es eee 19° 64° 112° 171° 

Wiss exsak —2-10° —1-90° —1-64° —1-34° 

ee dee 19° 75° 112° 171° 
Oe ciate —3-76° —3-26° —3-10° —2-60° 
} n-Undecoate : 

ee soaee 20° 69° 127° 160° 
} Se ions —1-56° —1-48° —1-14° —0-98° 
4 “Pe 20° 67° 127° 160° 

ie oie —1-94° —1-82° —1-40° —1-24° 
. por 20° 67° 124° 162° 
: ik esis —3-70° —3-36° —2-62° —2-32° 
: n-Dodecoate : 

coe 19° 62° 117° 154° 

hie: ckeas —1-40° —1-20° —1-00° —0-84° 

een 19° 60° 117° 154° 

this seis —1-78° —1-52° —1-30° —1-16° 

Se 19° 60° 117° 154° 

Cg OSA —3-32° —2-90° —2-42° —2.18° 

Myristate : 

? Pca 18° 63° 80° 104° 145° 168° 
7 ay —1-34° —1-20° —1-16° —1-00° —0-96° —0-82° 
‘ © aio 18° 80° 103° 120° 145° 168° 
: pg ana —1-72° —1-44° —1-36° —1-30° —1-20° —1-06° 
4 oe 18° 80° 103° 121° 168° 


b ceceae 3 “72 *§2° — 1-90° 


eeeeee 


eeeeee 
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n-Nonoate of \-y-Nonanol. 


t Aye Ogre Gvic 
21° +1-64° 4+2-12° +-4-08° 

Acetate of 1-y-Tetradecanol. 
. Vaan 18° 61° 105° 151° 
ay +3-18° +3-08° +3-04° +2-92° 
OS  aacaus 18° 60° 105° 152° 
Bg cceeee +3-82° +3-70° +3-64° +3-52° 
ee 18° 60° 105° 152° 
Gel cazeen +7-04° +6-86° +6-70° +6-48° 

Acetate of 1-y-Pentadecanol. 
—— 6 113° 155° 
in: satus +3-16° +3-04° -+2-92° -+2-82° 
. esses 21° 80° 113° 153° 
NRCS 43-80° +3-64° +3-54° +3-44° 
atten 21° 80° 110° 153° 
OM. iccas +6-96° +6-64° +6-50° +6-32° 

Acetate of |-y-Hexadecanol. 
S. wakes 19° 65° 95° 123° 163° 4 
ie .necees +2-74° +2-66° +2-62° +2-60° -+2-56° 
re 19° 67° 120° 163° 3 
Agr ceceee +3-32° +3-20° +3-10° +3-00° 
S- asades 19° 68° 120° 163° 
Gt aceces +6-24° +5-94° +5-76° +. 5-68° 

Acetate of 1-y-Octadecanol. 
“esos 57° 103° 153° 187° 
Oe naenes +2-52° +2°40° +2-38° +2-30° 
_— 54° 103° 153° 187° 
Ggr cecece +2-96° +2-86° +2-76° -+2-64° 
CS Kena 52° 103° 153° 187° 
et aesnns +5-60° +5-40° +5-28° +5-08° 

Acetate of 1|-y-Decanol. 
.... asaien 2i° 44° 92° 116° 163° 
Cee neue +3-88° +3-82° +3-72° +3-64° -+3-58° fa 
er 33° 45° 92° 116° 163° 3 
Bgr scccee +4-68° +4-60° +4-44° +4-34° +4-22° Z 
ye 21° 45° sgks116° 163° ‘ 
EO 48-50° +8-38° +8-04° +7-94° +7-68° | 
Acetate of |-y-Undecanol. 

Ds setae 19-5° cy 110° 161° 
Eee 4+3-80° +3-56° +3-52° +3-40° 
oor 19-5° 70° 115° 161° 
gr coccee +4-38° +4-26° +4-18° +3-94° 
ren 19-5° 66° 115° 161° 


| ccccee +8-10° +7-78° +7-60° +7-24° 
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Acetate of 1-y-Dodecanol. 


f Asaese 17° 68° 100° 119° 151° 
By sseeee +3°18° +2-96° +2-84° +2-80° +2-78° 
S$  seseee 17° 76° 112° 152° 

Wee sesess +3-82° +3-54° +3-30° +3-24° 

© assses 17° 74° 112° 152° 

Rig oasee +7:04° +6-50° +6-16° +6-06° 


Acetate of 1-y-Tridecanol. 


Br ote 17° 87° 110° 171° 
gpa +3-30° +3-18° +3-14° -+2-98° 
17° 85° 110° 171° 
a adios +3-98° +3-84° +3-76° +3-54° 
ie - asalo 17° 85° 110° 171° 
Riad +7-34° +6-96° +6-82° +6-58° 


Acetate of d-y-Hewxanol. 


oe 20° 73° = =«115°—S «127° 
Sip tases +0-48° +0-44° +0-38° +0-34° 
S Sides 20° 72° «107° ~—Ss«129° 
a ols +0-56° +0:52° +0-46° +0-38° 
“pres 20° 69° ~—-:109° 130° 
ie asad +0-62° +0:56° +0-50° +0-46° 


Acetate of d-y-Heptanol. 


_ 20° 73° =105°~—S «131° 

i aie —4-06° —3-88° —3-82° —3-80° 

= 20° 71° —s«105°—Ss«10° 
tha anaes —4-90° —4-76° —4-63° —4-60° | 
otal 20° 71° «105°—s«130° 

ie aataas —9-02° —8-76° —8-54° —8-32° 


Acetate of d-y-Octanol. 


a oa 24° 72° 126° 157° 
ie aaah —3-74° —3-66° —3-62° —3-58° 
pore 24° 68° 127° 157° 
a ths ahenche —4-40° —4-32° —4-28° —4-22° 
£ eS 24° 68° 129° 159° 
‘s ia kale —8-34° —8-16° —7-98° —7-70° 


The author has much pleasure in acknowledging his indebtedness 
to the Government Grant Committee of the Royal Society for a 
Grant which has defrayed some of the expenses of this investi- 
gation. 
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CCX.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part VIII. 
The Optical Rotatory Powers of the Normal Esters 
of Methylbenzylcarbinol. 
By Josep Kenyon and Rospert Howson Pickarp. 


Ir has been shown recently (compare Parts V. and VL., this vol., 
pp. 830 and 1115) that some optically active esters of the simplest 
possible chemical constitution exhibit, both in the homogeneous 
state at temperatures above the normal and in certain solvents, 
the phenomenon commonly known as anomalous rotatory dis- 
persion. Further, such esters, at least under those conditions, do 
not conform to the law of simple optical rotatory dispersion repre- 
sented by the equation a=k/aA?—A*, which was first suggested by 
Drude, and lately (T., 1913, 108, 1067) confirmed by Lowry. 
These esters were prepared from normal fatty acids and the 
optically active carbinols of the formula CH,*-CH(OH)-R (where 
R=a normal alkyl group) (see Part I., T., 1911, 99, 45). The 
rotatory powers of the carbinols themselves have been shown 
(Lowry, Pickard and Kenyon, this vol., p. 94) to conform to the 
law of simple optical rotatory dispersion, whilst the dispersions 
have been found to be constant over a wide range of temperature 
(see Part IV., T., 1913, 103, 1931), so that the anomalous dis- 
persion of the esters can be ascribed most probably to some property 
of the carboxylic group. 

The great mass of material used in previous investigations on 
rotatory power is composed mainly of esters, and the rotatory 
powers of few of these have been determined over a wide range 
of temperature or for light of more than one wave-length. There- 
fore it appeared of immediate interest to investigate other homo- 
logous series of esters prepared from carbinols of simple chemical 
constitution and containing more complex radicles than normal 
alkyl groups. For this purpose, d-methylbenzylcarbinol (Part VI., 
loc. cit.) is admirably suited; it has a fairly high rotatory power 
which, like its dispersive power, is only slightly affected by varia- 
tions of temperature, whilst the determinations of its rotatory 
power (this vol., p. 1122) appear at all temperatures to conform 
strictly to the law of simple optical rotatory dispersion.* In the 
experimental part of this paper, the preparation of fourteen esters 
of d-methylbenzylearbinol with normal fatty acids is described, and 


* Since the reciprocals of the observed rotations, when plotted against the 
squares of wave-lengths, fall on a straight line. 


ett 
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they have been investigated in much the same manner as was 
adopted for the other eight homologous series of esters previously 
described (Part V., loc. cit.). 

The optical properties of this homologous series (from the acetate 
to the stearate of the carbinol) are analogous to those of the other 
series of esters. Thus the molecular rotatory powers of the esters 
in the homogeneous state continually increase in magnitude as the 
series is ascended, the increment being large until the n-valerate 
is reached, and afterwards much smaller. This phenomenon (see 
table I) is to be observed at all temperatures when the esters are 
examined in the homogeneous state, and also in 5 per cent. solution 
in ethyl alcohol and in carbon disulphide,* although under some 
conditions the acetate is somewhat abnormal. The values of the 
molecular rotatory powers when plotted (see Fig. 1) show that the 


TaBLE I. 


Molecular Rotatory Powers, {[M]\,,.:;, of the Esters of 
d-Methylbenzylcarbinol. 


5 per cent. solution 


Homogeneous state a - ~ 
e in ethyl in carbon 
at 20°. at 200°. alcohol. _ disulphide. 
IMD. sé cccccdsusstcaiciase +21-56° —3-87° + 27-99° — 40-15° 
PEOPIONAEO —..scccecscecses 16-67 — 0-92 27-10 — 66-37 
n-Butyrate — .......seceeees 33°81 +16-45 49-45 — 45-93 
WVOIOEMED o6<s0cesssccsscees 46-62 27-36 64-31 — 31-26 
n-Hexoate —...... ses eee eens 48-95 29-61 66-85 — 25-64 
n-Heptoate —..........00006 52-73 32-58 74-37 — 20-13 
N-Octoate .........ccscecees 56-11 36-23 76-81 —14-59 
n-Nonoate —.... sss eeeeoeee 57-71 36-17 79-64 — 12-29 
M-DeCOate ........cceseeeeee 58-88 38-94 83-30 —11-37 
N-Undecoate ........sccs00e 60-82 38-81 84-26 — 10-68 
N-Dodecoate ........ssss00+ 61-67 38-57 83-41 — 8-58 
ME sinccccsctsasconne 66-61 38-87 85-65 — 6-29 
POMNOBS  cccccccccessonnese 63-97 41-50 86-88 — 6-39 
ED 64-25 42-85 85-21 — 5-25 


general relation of the values as determined under the four different 
conditions is similar, whilst it will be seen that the values (with 
the remarkable exception of those obtained in carbon disulphide 
solution) of the molecular rotatory power of the n-valerate show 
an additional exaltation over what may be called the normal rate 
of increment as deduced from the shape of the curves. The latter 
phenomenon, whilst it has not hitherto been observed for esters 
of secondary alcohols containing a methyl group (compare, how- 
ever, Part VII., this vol., p. 2230), is an outstanding feature of 

* Slight deviations from this statement in a few instances are to be ascribed to 


the magnification of the experimental errors in the calculation of the molecular 
rotatory power. 
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Fie. 1. 


Degrees. 


Rotatory Powers [M],, of the n-Esters of ¢-Methyl- 
benzylcarbinol 


1. In Ethyl-alcoholic Solution (6 per cent.) 


i! 4, Homogeneous State at 20° 
wy " » at 200° 
IV. ,, Carbon Disulphide Solution (6 per cent.) 


Fat . 4 | ] | 
Number of Carbon Atoms in Acyl Group 


a 5 ££ § £ 7 £4 @ ff £ 14 16 18 


— 
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the homologous series of carbinols recently described (loc. cit.), 
and is, of course, to be ascribed to the special configuration of the 
valerate in which the growing chain -O-CO-CH,°CH,-CH,°CH, 
may be assumed from stereochemical considerations to all but 
return on itself. There are indications that this phenomenon 
recurs in the series at the decoate and undecoate when the grow- 
ing chain may be assumed again to return on itself, but as the 
molecular weight of these esters is large there is some uncertainty 
about the correctness of the values given for the molecular rota- 
tory powers. It will be seen that the general behaviour of these 
esters is somewhat similar to that of those derived from the simpler 
carbinols; thus increase of temperature, and particularly solution 
in carbon disulphide, depress the rotatory power of the esters as 
determined in the homogeneous state at 20°, but solution in ethyl 
alcohol slightly increases the same. 

Temperature has a common effect on all the members of the 
series, and the values of the rotatory powers (see pp. 2271—2273) 
when plotted (Fig. 2) form a series of ‘“‘temperature-rotation” 
curves which are very similar, and gradually diminish in slope 
(that is, in the temperature-coefficient) as the molecular weight 
increases. When the temperature is sufficiently high to depress 
the specific rotatory power, [a],, to about +1°, the phenomenon 
of anomalous rotatory dispersion (as regards light of wave-length 
extending from that for yellow sodium light to violet mercury 
light) can be observed. Actually, however, this has been done 
only for the acetate (see Fig. 3*) and propionate, as the experi- 
mental conditions did not permit of readings at (or extrapolation 
to) above 200°. The slope of the temperature-rotation curves, 
however, justifies the above-stated generalisation, and it is further 
obvious that concentrated solutions of any of the esters in 
carbon disulphide will show anomalous rotatory dispersion. This 
phenomenon will of necessity be exhibited by all substances the 
rotations of which change sign under any given condition, such as 
temperature or solution, except for those substances the rotatory 
powers of which pass through zero under the same conditions for 
light of all wavelengths. 

The anomalous + rotatory dispersion of the esters now described 
can be best explained by assuming the presence in the apparently 
sage esters of two isomerides, varying in optical sign and 

ispersive power, and of the type suggested in Part V. It is com- 


* The curves do not intersect all in one point. 

Y It may quite easily be that this behaviour may be not abnormal as regards the 
optically active substances now known, but may be the more common particularly 
a8 most of these are esters, 
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paratively easy to imagine the interconversion of such isomerides 
under the experimental conditions, but not so easy to account for 


Fic. 2. 


n-Esters of d-Methylbenzyicarbinol. Variation of 
[M].. with Temperature 


¢ 
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Temperature __ 


120° 140° 


the necessarily great difference in the optical properties of each. 
Until further evidence of this kind is accumulated, it is worth 
while to note that in support of this assumption of an elusive form 
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Acetate of d-Methylbenzyicarbinol. Variation of 
Specific Rotatory Power with Temperature 


Specific Rotatory Power 


Temperature, 
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of isomerism (‘“elusive” in the sense that the isomerides cannot 
be separated, are very labile, and owe their existence probably to 
what have been called “latent” valencies), the small differences 
in structure due to cis- and trans-isomerism are sufficient to cause 
great difference in optical properties; thus in each of the two 
stereochemical pairs of compounds /-borneol and d-isoborneol, which 
correspond with J-camphor, and /-menthol and d-neomenthol, which 
correspond with /-menthone (Pickard and Littlebury, T., 1907, 91, 
1974; T., 1912, 101, 109), the two modifications have rotatory 
powers of opposite sign and of different magnitude and different 
dispersive powers. 

The deduction from such an assumption, made in the form of a 
“characteristic diagram” for substances showing anomalous rota- 
tory dispersive power by Armstrong and Walker (Proc. Roy. Soc., 
1913, [A], 88, 388), and extended by the present authors (Part V., 
loc. cit.) to correlate the values of the rotatory powers of a series 
of (analogous or) homologous compounds, is well illustrated in the 
characteristic diagram (Fig. 4) for methylbenzylcarbinol and its 
esters. This method of plotting is fully described in Part V., and 
it is most striking that it allows of the correlation of values of the 
specific rotatory powers of this carbinol and its esters over a range 
from +169° to —34°. 

In respect to the dispersive power, these esters of methylbenzyl- 
carbinol are quite analogous to those of the “methyl” series of 
carbinols, CH,;CH(OH)-R. Thus at the ordinary temperature they 
appear to conform strictly to the law of simple dispersive power 
a=k/a2—2%, but with increase of temperature the dispersive 
power becomes more complex. It therefore appears that the esters 
may be really homogeneous at the lower temperatures, and become 
mixtures of labile isomerides on increase of temperature. Such 
results, along with deductions drawn from the similarity of the 
temperature-rotation curves (compare Part I., loc. cit., p. 53), 
appear to be against the possible assumption of a polymeric form 
of association to account for the variations in the rotatory powers 
of these esters. It is easy to formulate, for example, a bimolecular 
form of an ester, but there are many physical data relating to 
esters of all kinds which seem to point to an absence of polymerism 
in the esters of simple chemical constitution. 

The determinations of the rotatory power in different solvents 
of d-B-octanol, its acetate, heptoate and stearate, of d-B-butanol 
and its acetate (this vol., p. 881 e¢ seg.), and of d-methylbenzyl- 
carbinol (ib7d., p. 1129) and its acetate (p. 2274), seem to show 
that (1) solvents have (generally speaking) a common effect on 
the rotatory powers of compounds of similar constitution, and 
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Fic. 4. 


“Characteristic Diagram " 

, of 

d-Methylbenzylcarbino! 
and its Derivatives. 
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60° 
y 40° 
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i 
i 11, Carbinol Homogeneous at 20° | 
| 10. at 100° 
; 8. n-Hexoate ~ at 20° 
6. Acetate ; at 20° 
i 5 . at 100° 
if 1 Propionate in CS, 
2 Acetate as 
3.-Valerate ,, 
—_—_ 4. Acetate » Pyridine 
? » Chloroform 
Z 9. n Undecoate ,, Ethyl Alcohot 
g 12. Carbinol » Pyridine 
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(2) the sequence in magnitude of the rotatory powers exhibited by 
a compound in different solvents does not depend on any one 
physical property of the solvents. The effect of solution in carbon 
disulphide (and to a less degree in pyridine) of all the esters 
described in this series of investigations is to depress the rotatory 
power exhibited in the homogeneous state, and in the majority 
of cases this depression is accompanied by a change of sign. 


Ex PERIMENTAL. 


The d-methylbenzylcarbinol was prepared in quantities of 
100 c.c. by the method described in Part VI. The acetate, pro- 
pionate, and butyrate were obtained by treating the carbinol with 
the respective anhydrides, and the remaining esters by the treat- 
ment of the carbinol dissolved in pyridine with the required acid 
chloride. The esters (see table II) were obtained as clear, colour- 
less liquids, of which the palmitate and stearate solidified in the 
ice-box to crystalline masses, melting respectively at 20°5° and 
28°5°. All residues from the preparation and distillation of the 
esters were collected and hydrolysed; the carbinol thus obtained, 
as well as that from the hydrolysis of a mixture prepared at the 
end of the experimental work from all the pure esters, was un- 
altered in rotatory power. The esters have only faint odours. 

The procedure in the determinations of rotatory power and 
density was the same as described in Part VI. (loc. cit.), except 
that the rotatory power was also determined for the yellow mercury 
light as well as for the green and violet. 


TaBLeE II. 
Esters of d-Methylbenzylcarbinol. 


B. p. D>. n>", n—I/d.M. 
Acetate ......... 115°/16 mm. 0-9991 1-4897 87-2 
Propionate ... 121°/15 ,, 0-9890 1-4863 94-4 
n-Butyrate ...... 132°/16 ,, 0:9749 1-4825 102-0 
n-Valerate ... 148°/16 ,, 0-9648 1-4812 109-7 
n-Hexoate ...... 161°/14 ,, 0-9560 1-4806 117-6 
n-Heptoate ...... 135°/4 sy, 0-9479 1-4797 125-5 
n-Octoate ...... 144°/3 sy, 0-9420 1-4793 133-2 
n-Nonoate ...... 151°/4 sé, 0-9377 1-4784 140-8 
n-Decoate ...... 163°/4 i, 0-9310 1-4775 148-8 
n-Undecoate ... 170°/4 _,, 0-9270 1-4774 156-6 
n-Dodecoate ... 183°/5 _,, 0-9230 1-4772 164-4 
Myristate ...... 192°/2_ ,, 0-9196 1-4764 179-3 
Palmitate ...... 235°/6__—C,, 0-9130 1-4760 195-0 


0:9120 — pies 


4 
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Rotations of the Esters at Different Temperatures. 


d-Methylbenzylcarbinyl Acetate, CH,Ph*CHMe-O-CO-CH;,. 


Temp. Dt, [a] [aye [a]gr  [a]vie [MM] [Myer [MJ]. [M]vi- 
20° 00-9991 +6-41° +6-71° +7-54°+ 12-12°+ 11-40°+11-93°+ 13-42° + 21-56° 
40 09860 527 549 611 964 939 977 10-88 17-17 
60 09699 410 430 478 732 7:30 765 8651 13-03 
80 09510 305 327 371 545 543 582 661 9-69 

100 09310 231 244 276 378 411 434 491 673 

120 09103 156 165 1:76 218 #278 293 313 387 

140 08886 0-92 090 092 0-87 1:64 1:60 1:64 1-54 

160 08660 0:38 026 O17 —0-37 068 0:47 0-31 —0-66 

180 08430 —0-06 —0-15 —0-27 —1-47 —0-10 —0-27 —0-48 —2-62 

200 08180 —0-37 —0-56 —0-67 —2-18 —0-65 —1-:00 —1-20 —3-87 


20° = =0-9890 
40 0O-9711 
60 00-9537 
80 §=0-9354 
100 =0-9165 
120 = 08973 
140 = 0-8778 
160 0-8578 
180 0-8380 
200 =©0-8180 


40 0-9571 7-57 14- 15-61 18:41 29-94 

’ 60 0-9397 6-92 4 4 8-14 13- 21 14-25 14:90 16-77 27-23 
H 80 09220 6-40 6-70 7-53 12-04 13:18 13-81 15-51 24-80 
100 0-9044 6-00 6-30 7-01 11:04 12:37 12:98 14:44 22-73 

120 §=0-8865 5-54 5-80 6-49 10:06 11-41 11-95 13:37 20-71 

140 0-8685 5-22 5-41 6-04 9-30 10:74 11-15 12-46 19-16 
q 160 08505 4-96 5-14 5-76 8-77 10:22 10:59 11-87 18-07 
3 180 § 0-:8330 4-87 4-96 5-56 8-29 10:04 10:22 11:45 17-09 
E. 200 08150 4-91 5-03 5-56 799 10:10 10:36 11-45 16-45 


d-Methylbenzylcarbinyl n-Valerate, CH,Ph:CHMe-O-CO-C,Hg. 


20° 09648 + 10-76° + 11-28° +- 12-79°+ 21- StS to +S 14°-+ 46-62° 
40 0-9476 9-94 10:39 11-69 19-53 25:71 42-95 

: 60 00-9306 9-13 9-52 10-58 17-70 20. 00 20. o4 23-28 38-95 
80 09134 8-48 8-89 9-84 1642 18-66 19:55 21-65 36-13 

100 =: 0-8962 = 7-97 8-34 9-28 15:29 17-53 18:34 20-42 33-55 
1200-8790 = 7-59 7-75 875 14:16 16:69 17-04 19-24 31-16 

140 = 08617 7-08 7-31 821 13-11 15:57 16:08 18-07 28-85 

160 0-8442 6-75 6-89 7:90 12-56 14:82 15-17 17:38 27-56 

180 08270 6-75’ 6-96 7-86 12:30 1485 15-32 17-29 27-13 

0-8098 6-82 7-04 790 12-44 14:99 1548 17:39 27-36 


+4-81° +5-06° +5-58° is = +9-23° +9-71 


3°89 
3°04 
2-33 
1-83 
1-48 
1-20 
0-99 
0-83 
0-73 


4-09 
3-25 
2-51 
1-96 
1-56 
1-20 
0-93 
0-72 
0-67 


4-47 

3°50 
2-67 
2-13 
1-65 
1-20 
0:87 
0-66 
0-49 


5- er 
3°79 
2-73 
1-96 
1-20 
0-58 
+0-00 
—0-48 


7-47 


7-85 
6-24 
4-82 
3°77 
2-99 
2-30 
1-79 
1-37 
1-29 


d-Methylbenzylcarbinyl Proyionate, CH,Ph*CHMe:-O-CO:-C,H,. 
- 10-72° +-16-67° 


8-58 
6-72 
5-13 
4-08 
3-17 
2-30 
1-68 
1-26 
0-94 


d-Methylbenzylcarbinyl n-Butyrate, CH,Ph*CHMe-0-CO-C,H,. 
20° 0-9749 +8-48° ba =". 14°-+ 16- = * 17- foes 43° + 20-87°-+ 33-81° 
8-93 16-39 
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12-97 
9-86 
7-28 
5-24 
3-76 
2-30 
1-12 

+0-00 
—0-92 


Temp. D*®. 


40 0-9394 
60 0-9230 
80 0-9064 
100 =0-8898 
120 0-8731 
140 0-8563 
160 0-8394 
180 0-8228 
200 0-8061 


40 0-9320 
60 § 0-9163 
80 0-9002 
100 = 08805 
120 §=0-8686 
140 = 00-8528 
160 00-8370 
180 0-8210 
200 8 0-8052 


40 0-9261 
60 0-9105 
80 0-8946 
100 0-8787 
120 0-8626 
140 0-8467 
160 0-8306 
180 0-8150 
200 0-7990 


40 0-9218 
60 0-9061 
80 0-8901 
100 0-8744 
120 0-8585 
140 0-8427 
160 0-8269 
180 =0-8110 
200 0-7950 


9-98 
9-33 
8-86 
8-39 
8-00 
7-62 
7-31 
7-10 
7-08 


9-85 
9-20 
8-69 
8-14 
7-74 
7-59 
7-44 
7-31 
7-26 


9-84 
9-16 
8-62 
8-21 
8-00 


eae 


7-56 
7-28 
7-04 


10-45 
9-76 
9-21 
8-69 
8-29 
7-92 
7-63 
7-46 
7-39 


10-53 
9-81 
9-25 
8-76 
8-27 
8-00 
7-82 
7-67 
7-67 


10-34 
9-64 
8-99 
8-49 
8-21 
8-01 
7-80 
7-56 
7-23 


40 0-9158 9-44 10-10 
60 09005 8-81 9-50 
80 0-8851 8-23 8-85 
100 0-8697 7-78 8-32 
120 0-8545 7-43 7-92 
140 0-8391 7-27 7-63 
160 0-8237 7-20 7-53 
180 0-8082 7-18 7-46 
200 0-7930 7-19 7-44 


11-80 
11-03 
10-32 
9-69 
9-19 
8-82 
8-48 
8-26 
8-17 


11-86 
11-00 
10-42 
9-82 
9-34 
8-97 
8-72 
8-46 
8-30 


11-65 
10-85 
10-22 
9-61 
9-26 
8-96 
8-71 
8-38 
8-08 


11-47 
10-88 
10-21 
9-55 
9-04 
8-70 
8-49 
8-29 
8-27 


TaBLeE III. (continued). 
d-Methylbenzylcarbinyl n-Hexoate, CH,Ph:CHMe-0-CO-C,H,,. 


19-53 
18-28 
17-00 
15-90 
15-11 
14-60 
14-10 
13-60 
13-14 


19-95 
18-49 
17-31 
16-30 
15-42 
14-90 
14-40 
14-02 
13-83 


19-63 
18-22 
17-05 
16-08 
15-38 
14-7] 
14-17 
13-61 
13-17 


19-11 
17-92 
16-76 
15-63 
14-79 
14-30 
13-90 
13-61 
13-46 


24-75 
23-15 
21-99 
20-82 
19-85 
18-91 
18-13 
17-62 
17-56 


25-80 
24-12 
22-76 
21-32 
20-29 
19-89 
19-49 
19-05 
19-02 


27-15 
25-28 
23°79 
22-67 
22-09 
21-45 
20-85 
20-04 
19-44 


27-39 
25-55 
23-85 
22:57 
21-55 
21-08 
20-87 
20-81 
20-84 


25-93 
24-19 
22-84 
21-55 
20-56 
19-63 
18-93 
18-49 
18-32 


27-58 
25-70 
24-25 
22-96 
21-66 
20-97 
20-50 
20-09 
20-10 


28-53 
26-60 
24-80 
23-42 
22-67 
22-11 
21-53 
20-86 
19-96 


29- 

27: 5A 
25-66 
24-17 
22-97 
22°12 
21-83 
21-64 
21-58 


KENYON AND PICKARD: INVESTIGATIONS ON DEPENDENCE 


29-25 
27-34 
25-60 
24-03 
22-79 
21-87 
21-04 
20-48 
20-27 


31-07 
28-80 
27-30 
25-73 
24-47 
23-52 
22-83 
22-18 
21-74 


32-15 
29-95 
28-21 
26-52 
25-56 
24-73 
24-03 
23-14 
22-32 


33-25 
31-56 
29-59 
27-71 
26-23 
25-23 
24-56 
24-04 
23-99 


[a]}o- [a]}yee [a]}gre = [vie = [M]oe [M]yee [M] gre [M]hi 
20° 0-9560 + 10-46°+ 11-21°+ 12-46° + 20-91°+ 24-47° + 26-25° + 29-15°-+4 48-95° 
9-58 10:20 11-41 18-84 22-42 23-92 26-70 44-09 
8-88 945 10-62 17-34 20-79 22-11 24-84 40-56 
8-46 8-82 10-01 16:31 19-80 20-64 23-42 38-18 
8-09 8-43 955 15:54 18-93 19-72 22-36 36-38 
7-77 8-13 9-16 1489 1818 19:03 21-44 34-84 
7-47 7-79 8-76 14:19 17-49 18-23 20-49 33-20 
7-18 7-50 8-31 13:55 1681 17-56 19-45 31-70 
7-05 7:29 8-02 13:06 16:49 17:06 18-77 30-57 
6-95 7-19 7-88 12-66 16-26 16:84 18-45 29-61 


d-Methylbenzylcarbinyl n-Heptoate, CH,Ph*CHMe-0-CO-C,H,3;. 
20° = 0-9479 +. 10-69° + 11-34° + 12-72°+ 21-26°-+ 26-51°+ 28-13°+ 31-54°+ 52-73° 


48-44 
45-34 
42-16 
39-44 
37-49 
36-21 
34-97 
33-75 
32-58 


d-Methylbenzylearbinyl n-Octoate, CH,Ph*CHMe-0-CO-C,H,,. 
20° = 0-9420 + 10-67° + 11-36° + 12-76° + 21-42°+ 27-95° + 29-76° + 33-35° + 56-11° 


52-25 
48-46 
45-34 
42-64 
40-40 
39-04 
37-72 
36-71 
36-23 


d-Methylbenzylcarbinyl n-Nonoate, CH,Ph*CHMe-0-CO-C,H,,. 
20° = 0-9377 + 10-50°-+ 10-96° + 12-41°-+ 20-90° + 28-97° + 30-26° + 34-24°+ 57-71° 


54-19 
50-27 
47-07 
44-39 
42-43 
40-61 
39-11 
37-57 
36-17 


d-Methylbenzylcarbinyl n-Decoate, CH,Ph*CHMe*0-CO-C,H jp. 
20° =0-9310 + 10-13°-+ 10-74° + 12-20°-+ 20-31°+ 29-38°+ 31- - 36° + 58-88° 


55-42 
51-95 
48-60 
45-34 
42-89 
41-47 
40-31 
39-48 
38-94 


ee teeeeece call 


aemecany 


OF ROTATORY POWER ON CHEMICAL CONSTITUTION. 2273 


Taste III. (continued). 


d-Methylbenzylearbinyl n-Undecoate, CH,Ph*CHMe-O0-CO:C, Hs). 


Temp. 
20° 
40 
60 
80 

100 

120 

140 

160 

180 

200 


D*°. 4 [a]o- [a]ye- [@]yr. [a]vi« [M].. [M],e- [M]gr. [Mlvi- 
0:9270 +9: =. +? 51°+-11-81°-+ 20-01° + 30-17° + 31-95° + 36-14°+ 60-82” 
0-9120 9-3 990 11:19 1869 2830 30:10 3403 56-83 
0-8970 8: 30 926 10-48 17:39 26-74 2816 31:85 52-86 
0-8820 8-23 8-73 9-69 16:36 25:02 26:55 29-47 49-74 
0:8670 7-76 8-30 9-16 1551 23:60 25:24 27-84 47-15 
0-8520 7:37 7°84 8-80 14-79 22-42 23-84 26-77 44-96 
0-8367 7-03 7-48 840 14:08 21:36 22-75 25:55 42-81 
0-8219 6-81 7-18 8-07 13:53 20-71 21-83 24-52 41-13 
0-8069 6-69 7-06 7-93 12-94 20:34 21-48 2412 39-34 
0-7920 6-69 7-07 7-83 12:76 20:34 21-50 23:80 38-81 


d-Methylbenzylcarbinyl n-Dodecoate, CH,Ph*CHMe-0:CO-C,,Ho,. 


0-9230 -+9-66°+10-11°+ a = *o he oo 17° +-56-17°-+ 61-67° 
0-9078 911 9-44 60 30-01 33-71 57-37 
0-8930 8-45 8-84 * 96 16. 80 26. 87 28:13 31:69 53-40 
0:8778 8-02 8-37 9-39 15:90 25:54 26-63 29-85 50-54 
0-8630 7-55 7-88 8-90 15:13 2402 25-05 28-30 48-10 
0-8478 717 7-49 8-44 14-28 22-80 23-82 26:85 45-38 
0-8325 6-85 7°15 8-11 13-54 21-77 22-73 25-78 43-06 
0-8174 6-60 6-89 7-82 12-84 21-01 21-91 2490 40-85 
0-8023 6-45 6-61 7-58 12-40 20:52 21:00 24:09 39-43 
0-7873 6-30 6-48 7-30 12-13 20:03 20-60 23-22 38-57 


d-Methylbenzylcarbinyl Myristate, CH,Ph*CHMe-O-CO-C,,H,,. 


0-9196 +9-22° +9-68°+ 11- 7° 19-25°+-31- + 49°-+4-39-02°-+ 66-61° 
0-9044 8-52 9-06 10-1 17-18 29-5 31:37 35-20 59-44 
0-8890 7-99 8-19 9- 23 15-63 27: 4 28:33 31:96 54-11 
00-8740: 7-55 7°94 8-78 14:76 26:13 27:12 30°37 51:07 
0-8589 7-19 7-51 8-50 13:99 24:90 25:98 29-41 48-42 
0-8436 6-88 7-22 8-17 13-40 23-79 24-99 28-26 46-35 
0-8287 6-54 6-90 7-82 12:85 22-63 23-89 27-05 44-46 
08132 6-27 6-55 748 12-24 21-69 22-68 25-86 42-34 
0-7978 5-98 6-22 714 11-76 20-68 21-51 24-73 40-68 
0-7826 5-75 6-01 6-90 11:23 19:90 20-78 23-88 38-87 


d-Methylbenzylcarbinyl Palmitate, CH,Ph*CHMe:O-CO-C,,H;,. 


20° 09130 +8-44° * 04°-+-10- it 17-10°+ 31-59° + 33-83° + 37-57° + 63-97° 
40 0-8984 8-01 8-35 9-3 16-04 29-97 31:23 35-01 59-99 
60 0-8836 7-55 7-87 8- 7 15-00 28:23 29-42 32-72 56-08 
80 0-8690 7-02 7-31 8-23 13:81 26-25 27:33 30:77 51-65 
100 0-8541 6-60 6-89 7-74 13:05 2469 25-78 2894 48-81 
120 0-8395 6-31 6-60 7-35 12-32 23-61 24-68 27-49 46-09 
140 0-8249 6-03 6-33 6-97 11-74 22:54 23-67 26-07 43-93 
160 0-8101 5-80 6-10 6-73 11-36 21-70 22-80 25-16 42-47 
' 180 0-7952 5-66 5:85 6-51 11-12 21:16 21-87 2436 41-59 
200 0-7805 5-52 5-73 6-28 11:09 20:65 21-42 23-48 41-50 
' d-Methylbenzylcarbinyl Stearate, CH,Ph:CHMe-O0-CO:C,,H,.. 
' 20° 00-9120 ; *92° “S = ae: > + = Poe 82° + 33-62° + 37-95° + 64-25° 
40 08966 7-37 14- 29:63 31:30 3465 659-19 
60 0-8815 6-95 7.96 4 90 13- 50 27:96 29-18 32:10 54-64 
80 0-8660 6-47 6-71 7-62 12-68 25:99 26-98 30:63 50-97 
100 08506 = 6-11 6-40 7-27 12:10 24-58 25-71 29:20 48-62 
120 0-8353 5-82 6-12 6-92 11:49 23:38 24-59 27-86 46-19 
140 0-8200 5-61 5-84 6-71 11:05 22:55 23-48 26:97 44-41 
ren 08048 5-44 5:72 6-46 10°69 21:88 22-98 25:97 42-95 


0°7896 5-32 5-57 6-38 10:59 21:38 22-41 25-65 42-56 
0:7741 5:30 ° 6-43 10-66 21:29 22-49 25-86 42-85 
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OF ROTATORY POWER ON CHEMICAL CONSTITUTION. 2277 


Observations of Density, 
in the Homogeneous State. 


4, and Rotatory Power (a4 wm.) 


Temp. ...... 17-5° 51-5° 94° 123° 

Density ... 1-0058 0-9774 0-9359 0:9069 

Temp. 20° 40° 73° 84° 92° 122° 136° 167° 184° 
a «+--+ 6-68° +5-44° +3-44° 4+2-86° +2-56° +1-44° +0-94° +0-24° —0-22° 
Tet. ...00ss0e 20° 490 43°—s«B8°s76°—ss«d:22°— «135° 162°: 811° 
Cbjdline ssn +6-40° +5-04° +4-16° +3-10° +1-36° +0-96° +0-28° —0-08° 
Temp. 20° 41° 73° 83° 94° 123° 136° 164° 183° 
Qgy ..-+7-54° +5-98° 4+3-88° +3-36° +4-2-72° +1-48° +0-96° +0-04° —0-30° 
Temp. 20° 41° 70° 82° 93° 123° 136° 164° 183° 
yi «+++ 12-08° +9-40° +6-08° +5-00° +-4-00° + 1-76° +0-98° —0-52° —1-32° 


d-Methylbenzylcarbinyl Propionate. 


DOMED: 2600sccsccss 20° 56° 92° 128° 
Density ......... 0-9889 0-9573 0-9242 0-8897 
Temp. 22° 51° 59° 84° Liv’ 83=—6 14h 187° 
er +4-88° +-3-38° +3-20° +2-18° +1-58° +1-02° +-0-56° 
Temp. 22° 59° 85° 112° 141° 187° 

Gig yellow +4-66° +3-00° +2-00° +1-50° + 1-02° +0-50° 

Temp. 22° 52° 60° 82° yD bg 141° 187° 
Gr... +5:42° +3-68° +3-40° +2-44° + 1-66° +1-00° +0-50° 
Temp. 22° 50° 60° 81° 113° 141° 190° 
Giese +8-38° +5-58° +4-94° +3-46° +2-10° +1-00° —0-20° 


d-Methylbenzylearbinyl n-Butyrate. 


Temp. .......+. 20-5° 58° 96° 129° 
Density ...... 0-9741 0-9417 0-9078 0-8782 
Temp. ......... 25° = 48°—s73°=—s«100—Ss«d125°—S «169° «183° 

tis ateaeaeotodian 4+8:44° +7-28° +.6-34° 15-70° +4-98° +4-24° +4-10° 
Temp. ...... 95° «47° Ss 642, s«00—Ss«d123°=—Ss«d170°—Ss«<183° 
itieis:- Sacoiken +7-98° +.6:96° +6-36° 15-44° +4-86° +4-14° +4-04° 
Temp. ......... 25° «= 48°)—ss73°—S «00S s«123°—Ss«d169°—s«183° 
Meahitilealhtaeask 4+9-50° +8-16° +7-18° +6-34° +5-68° +4-72° +4-60° 
Temp. ......... 25° 47° 73° 100° =«:1238°—Ss«170°—s«183° 
dep ssaticnnted +-15-48° +13-40° +11-58° +9-98° +8-72° +7-30° +6-72° 


d-Methylbenzylcarbinyl n-Valerate. 


4 a 21° 57° 99° 144° 

Density ...... 0-9630 0-9340 0-8988  0-8568 

' Temp. ......... 25° 49° 71° 107° 150° 181° 

i Wp cncsbiictatenned +10-60° +9-40° +8-38° +7-38° +6-00° +5-76° 

: DOME scscsonce 25° 49° 73° 118° 150° 181° 
dyeg <siseeees +10:14° +9-00° +7-96° +6-72° +5-82° +5-58° 


Temp. ......... 25° 49° 71° 107° 150° ~=—+181° 
dp “eladiseond 4+12-00° +10-52° +9-30° +8-14° +6-80° +6-50° 
ae 25° 49° 71° =«:105°—is«édage®~—Ssd 811° 

tle dish dcsods +19-96° +17-74° +15-52° 413-38° + 10-84° + 10-20° 


7 I 
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d-Methylbenzylcarbinyl n-Hezxoate. 


ayi + 19-42°-+ 17-40° + 16-72° + 15-90° + 13-82° + 13-36° + 12-76° + 11-66° + 11-00° 


TEMP, —seccoceccere 18° 55-5° 89° 132° 
Density ............ 0-9583 0-9259 0-8995 0-8622 
I icssprastinnns 30° 69° 90° 112° 157° ~—-191° 
Wig Cbdoceneceesdevescsse +9-48° +7-90° +7-48° + 692° +6-10° +5-68° 
Temp. ...... 25° 38° 69° 85° 129° 156° —Ss-191° 
Gyelluw seeeeeess +1040 +9-70° +8-36° -+7-86° +6-94° -+6-32° +5-88° 
NIE sienscawsier 25° 38° 69° 86° 129° 156° 191° 
Bae | sccccccceces -+11-60° +-10-84° +9-46° +8-88° +7-80° -+7-06° -+6-44° 
OD. ness 25° 38° 69° 84° 129° 159° 192° 
ak Seerrec rt +19-30° +-17-90° + 15-40° + 14-58° +12-62° +11-40° + 10-40° 
d-Methylbenzylecarbinyl n-Heptoate. 
Temp. ......... 20° 63° 96° 122° 
Density ...... 0-9475 00-9141 0-8885 0-8655 
Temp. ......... 24° 48° 69° 98° 135° 171° 
Gis Dheriieiccceees +9-98° -+9-00° +840° +7-40° +-6-60° -+5-94° 
Temp. ...... 24° 48° 70° 98° 133° 170° 
yellow ceeeeeeee +10-58° -+9-36° +8-74° +7-60° +6-90° -+6-24° 
Temp. ....0000. 24° 48° 70° 98° 132° 170° 
grees ccsecccccnce +11-84° +10-60° +9-76° +8-58° +7-74° +6-92° 
Temp. ...... 24° 48° 69° 98° 131° 170° 
Byl cocccecescosees +19-72° +17-52° +16-10° +14-10° +12-78° + 11-46° 
d-Methylbenzylcarbinyl n-Octoate. 
Temp. ......... 19° 59° 95° 120° 
Density ...... 0-9424 09117 0-8826 0-8626 
TOMADs sececcees 23° 57° 70-5° =116° 149° 180° 
Big ccadesccscccecs +9-92° +8-48° +8-10° +6-68° +6-36° +5-96° i 
Temp. ......... 23° 57° 70-5° 116° 148° 179° 
Gyellow cvecceees +10-52° +9-02° +8-60° +7-22° +6-68° +6-24° 
ROMADS cc0css0- 23° 58° 70-5° 116° 148° 179° 
Gigrocescosececsece +11-88° +10-14° -+9-62° +8-16° +7-50° -+6-90° 
Temp. ........- 23° 57° 70-5° 118° 148° 179° 
Gy} seccceccscessee 19°86° -+17-06° + 16-04°+13-38° +12-38° +11-42° a 
d-Methylbenzylcarbinyl n-Nonoate. ' 
a, 19° 56° «955° «189° 
Density .......0066. 0-9370 0-9104 0-8777 00-8435 
Temp. 22° 651-5° 65° 98° 118° 131° 164° 175° i 
a, +9-76° +8-66° +8-08° +7-22° +6-94° +6-80° +6-14° +5-92° 
Temp. 22° 49° 57° 69° 100° 118° 131° 164° 179° 
Gye +10-20° +9-22° +8-80° +8-40° +7-42° +7-08° +6-92° +6-38° +6-16° 
Temp. 22° 50° 57° 70° 102° 118° 131° 164° 179° 
gy +11-52°+4+10-32° +9-90° +9-50° +8-32° +8-06° +7-74° +7-10° +6-74° 
Temp. 22° 48° 57° 68° 105° 118° 131° 164° 180° 
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d-Methylbenzylcarbinyl n-Decoate. 


18° 52° 94° 
0-9322 0-9069 0-8759 
27° 62° 85° 
+-7-88° 
61° 
+ 8-48° 
62° 
Pea ee re 4-11-02° -+-9-72° 
27° 58° 
+18-40° +-16-26° 


TOMB. cstsecces 
Density 

87° 
87° 


87° 


d-Methylbenzylcarbinyl 


21° 62° 96° 
0-9255 0-8964 0-8695 
56° 70° 


(i eee 
Density 


+ 7-66° 


63° 


+7-16° 
+-7-60° 
4-8-76° 


+ 14-38° 


131° 
0-8452 


143° 
+-6-06° 
143° 
+-6-40° 
143° 
+-7-26° 
143° 
+11-92° 


176° 
+-5-84° 
150° 
+6-34° 
151° 
4+7-14° +-6-74° 
150° «175° 
+11-76° +11-10° 


175° 
+-6-04° 
175° 


n-U ndecoate. 
133-5° 
0-8413 

83° 
+ 7-20° 

82° 
+-7-64° 

82° 


131° 
+6-08° 
130° 
+6-44° 
130° 
4+8:48° +-7-26° 
80° 130° 
4-14-40° +-12-16° 


d-Methylbenzylcarbinyl n-Dodecoate. 


20° = «605° sé? 
0-9229 0-8925 0-8655 
45° 63° 
+7-96° +7-46° 
49° 62° 
+7-76° 
62° 
+-8-88° 
49° 62° 
+17-82° +.15-66° +14-84° 


127° 
0-8427 
94° 
+6-68° 
95° 
+6-94° 
95° 
+7-86° 
95° 
+ 13-30° 


137° 
+5-78° 
133° 
+6-12° 
130° 
+6-90° 
132° 
+ 11-56° 


d-Methylbenzylearbinyl Myristate. 


23-5° 59-5° 
0-9138  0-8934 


TOMAR.. 050000008 
Density 


98° 
0-8593 


113° 
+5-94° 
114° 
-+-6-20° 
113° 
+7-06° 
113° 


+11-58° 


129° 
0-8377 


182° 
+4-78° 

180° 
-+-4-96° 

180° 
+5-70° 

180° 
+9-34° 

712 
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d-Methylbenzylcarbinyl Palmitate. 


Temp. ......... 19° 61° 99° 147° 

Density ...... 0-9131 0-8841 08551 0-8199 

BR. cnccscece 22° 60° 84° 122° 169° 183° 

Bp dcendsecssesies +7-66° +6-74° +5-98° -+5-28° +4-60° +4-44° 
ROME. ..ccsccce 22° 60° 81° hiv 168° 183° 

pon +8-00° +-7-00° +6-26° -+5-58° +4-82° +4-64° 
Temp. ......... 22° 60° 80° 117° 168° 183° 

Git vocccscescceces +9-08° +7-76° +7-14° +6-26° +5-36° +45-14° 
TEUDs. sscessies 22° 60° 82° 117° 168° 183° 


Pevebdiccesaeive +15-48° +13-30° +11-84° +10-48° +9-12° +8-78° 


d-Methylbenzylcarbinyl Stearate. 


Temp. ......... 26-5° «59° 90° ~—«:138° 4 
Density ...... 0-9058 0-8828 0-8577 0-8224 . 
Temp. .......-. 26° = «62°—s«*76° 104° «132° 180° 

et RRS 4-7-00° +618° +5-68° +5-14° +4-74° +4.22° 

Temp. .......+. 27° 49° 75° 1042 «131° s«179° 
a 47-40° +6-70° +5-90° +5-36° +4-90° +4-44° 

Temp. ......... 27° 58° 75° 1042 -130°—s«179° 

ere NS 48-28° +7-20° +6-72° +6-12° +5-60° +5-02° 

Temp. .......+. 27° BL 75° 104° —-:132°—Ss«179° 

A OA 4-14-10° +12-42° +11-20° +10-26° +9-26° +8-38° 


The authors desire to express their thanks to Mr. John Ranson 
for able help in the preparation of the optically active carbinol, 
and to the Government Grant Committee of the Royal Society for 
grants which have defrayed some of the expense of this investi- 
gation. j 
MonicipAL TECHNICAL SCHOOL, i 
BLACKBURN. 


CCXI.—The Constituents of the Flowers of Matricaria 


Chamomilla. 
By Freperick Beitpinc Power and Henry Brownine, jun. 


Tue flower-heads of the composite plant Matricaria Chamomilla, 
Linné, commonly designated as the “German Chamomile,” are 
used to a considerable extent medicinally, and possess properties 
similar to those of the so-called Roman or English chamomile (from 
Anthemis nobilis, Linné). They are recognised by most of the 
national Pharmacopeeias, but not by the British. 

The older investigations of Matricaria flowers have indicated, 
besides a relatively small proportion of essential oil, the presence 
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of only the common constituents of plants, or, in addition thereto, 
the very indefinite products termed “anthemic acid” and 
“anthemidin,” which need not be further considered here. 

Klobb, Garnier, and Ehrwein (Bull. Soc. chim., 1910, {iv], 7, 
946) isolated from the flowers of Matricaria a hydrocarbon (m. p. 
52—54°), to which they assigned the formula C,H. Klobb 
(Ann. chim. Phys., 1911, [viii], 24, 410) subsequently obtained 
from the same source a product melting at 120—131°, which gave 
the colour reaction of the phytosterols, and was regarded by him 
as a mixture of substances of this class. It was stated to yield 
an acetylated product, melting at 150—175°, from which two 
bromo-derivatives, melting at 158—1i165° and 115—118° respec- 
tively, were obtained. 

Inasmuch as the present authors have recently investigated the 
constituents of the flowers of Anthemis nobilis (this vol., p. 1829), 
it was deemed of interest, for the purpose of comparison, also to 
subject the flowers of Matricaria Chamomilla to a complete 
chemical examination. The results of the present research are 
summarised at the end of this paper. 


EXPERIMENTAL. 


The material employed for this investigation consisted of a good 
quality of commercial “German Chamomile Flowers” froni 
Matricaria Chamomilla, Linné. 

Fifteen grams of the ground material were extracted with 
Prollius’ fluid, and the resulting product tested with the usual 
alkaloid reagents, but only very slight reactions were obtained. 

Twenty grams of the ground material were successively extracted 
with various solvents in a Soxhlet apparatus, when the following 
amounts of extract, dried in a water-oven, were obtained : 


Petroleum (b. p. 35—50°) extracted 0°63 gram 3°15 per cent. 


Ether - 008 ,, = 40 ,, ,, 
Chloroform ‘ a - = 6 a —s 
Ethyl acetate - 1032 ,, = &10,, ,, 
Alcohol fo ey =e sw 


I 


Total 5-93 grams 29°65 per cent. 


For the purpose of a complete examination, 22°23 kilograms 
of the ground flowers were completely extracted with hot alcohol, 
when, after the removal of the greater part of the solvent, 8°53 
kilograms of a soft, green extract were obtained. 

The entire amount of the alcoholic extract was mixed with a 
little water and distilled in a current of steam, when 23 grams of 
an essential oil were obtained, which possessed the characteristic, 
deep blue colour. The oil distilled over a wide range of tempera- 
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ture, the whole of the distillate being blue, with the exception of 
a small fraction of high boiling point (250—270°/15 mm.), which 
was a dark green, viscous liquid. The blue oil gave the colour 
reaction for furfuraldehyde, and, on keeping for some time, de 
posited a very small amount of a crystalline substance, which was 
collected. This substance melted at 110°, developed a coumarin- 
like odour on heating, and its solution in concentrated sulphuric 
acid showed a blue fluorescence. It evidently consisted of 
umbelliferone methyl ether, which was subsequently obtained in 
much larger amount, as described below. A portion of the 
essential oil, in ethereal solution, was shaken with aqueous sodium 
carbonate, when a trace of substance was removed, which, when 
crystallised from dilute alcohol, melted at 61°, and was evidently 
a fatty acid. On subsequently shaking the ethereal solution with 
10 per cent. sulphuric acid, nothing definite was obtained. The 
oil which had been subjected to this treatment was heated for 
several hours with an alcoholic solution of potassium hydroxide, 
when only a small amount of dark coloured, acidic material was 
obtained, whilst the distilled neutral portion was of a much more 
brilliant blue colour than the original oil. This blue colour re- 
mained unchanged when the oil, in alcoholic solution, was treated 
with sodium. 

After subjecting the alcoholic extract to distillation with steam, 
as above described, there remained in the distillation flask a dark 
brown, aqueous liquid (A), together with some fatty material, 
which separated on the surface, and a comparatively small amount 
of soft, brown resin, which was deposited. The fatty and resinous 
material were separately washed with hot water, then united, and 
constitute the product subsequently described as the resin (B), 
whilst the washings, after concentration, were added to the main 
portion of the aqueous liquid. 


Examination of the Aqueous Liquid (A). 


The above-mentioned aqueous liquid was concentrated under 
diminished pressure, and then extracted many times with ether. 
Both before and after this treatment it gave slight reactions with 
the usual alkaloid reagents. The ethereal liquid was therefore 
first shaken with a 5 per cent. aqueous solution of hydrogen 
chloride, but this removed only traces of indefinite material, and 
it was subsequently extracted with aqueous ammonium carbonate, 
sodium carbonate, and potassium hydroxide. The ammonium 
carbonate extract, on acidification, deposited a quantity of tarry 
material, which was only partly soluble in ether. The dissolved 
portion, after removal of the solvent, was conyerted into the methy] 
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ester, and the product distilled in a current of steam, the volatile 
and non-volatile portions being then treated for their separation 
into phenolic and non-phenolic esters. The volatile phenolic ester 
possessed the odour of methyl salicylate, and, after hydrolysis, 
yielded 0°04 gram of an acid, which crystallised in fine, colourless 
needles, melting at 150—151°. This acid gave a violet coloration 
with ferric chloride, and as no depression of the melting point 
ensued when mixed with salicylic acid, there was no doubt of its 
identity with the latter substance. The volatile, non-phenolic 
ester yielded on hydrolysis a small amount of acid, which was 
fractionally precipitated in the form of its silver salts. The 
latter, on ignition, gave, respectively, 44°6, 43°7, and 43°8 Ag, the 
first fraction of salt having undergone slight reduction. 
C,H,,0.Ag requires Ag=43°0 per cent. It therefore seems prob- 
able that the volatile, non-phenolic acid consisted chiefly of an 
octoic acid. The portion of the esterified product which was not 
volatile in steam yielded nothing definite. 


Isolation of Ayrgenin, C,,H,,0;. 


The above-mentioned sodium carbonate extract of the ethereal 
liquid was acidified, when a pale yellow substance, mixed with 
some tarry material, was deposited. This precipitate was collected, 
washed with water, and dried, when it amounted to 17°3 grams. 
After several separations from a mixture of alcohol and ethyl 
acetate, the substance was obtained as a pale yellow powder, melt- 
ing at, 344—-347°. (Found, C=66:0; H=3°9. C,;H,,O; requires 
C=66'7; H=3°7 per cent.) 

The substance was evidently apigenin, and its identity was 
further confirmed by the preparation of its acetyl (m. p. 176—178°) 
and benzoyl (m. p. 208°) derivatives. 


The aqueous, acid liquid from which the crude apigenin had 
been separated, as above described, was extracted many times with 
ether. This removed about 0°4 gram of a substance, which, after 
several crystallisations from dilute alcohol, was obtained in fine, 
colourless needles, melting at 237—239°. On heating the sub- 
stance it sublimed, and developed a coumarin-like odour. Its 
solution in concentrated sulphuric acid showed a strong blue 
fluorescence, and with ferric chloride a distinct green colour was 
produced. The aqueous solution of the substance possessed a 
slight blue fluorescence, which was not perceptible on the addition 
of alkali, owing to the production of a deep yellow colour. The 
above-described characters of the substance rendered it probable 
that it consisted of a mixture of umbelliferone (m. p. 225°) witb 
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a dihydroxycoumarin, such as daphnetin or zsculetin, since the 
latter compounds, which melt at 253—256° and about 270° respec- 
tively, are known to give a yellow colour with alkalis and a green 
coloration with ferric chloride. An analysis of the substance, and 
a determination of the molecular weight by the microscopic method, 
gave the following results: 

0°0842* gave 0°2000 CO, and 0°0323 H,O. C=648; H=4°3. 

0°0424* in 5 c.c. of alcohol, using benzil as the standard, was 

between 0°045 and 0°047 mol. Mean M.W.=183. 
Umbelliferone, C,H,O;, requires C=66°7; H=3°7 per cent. 


M.W. =162. 
Dihydroxycoumarin, CyH,O,, requires C=60°7; H=3'4 per cent. 
M.W.=178. 


The remainder of the substance was acetylated, and the product 
crystallised from water in three fractions, which possessed the 
following characters: 

(1) M. p. 137°. Mean M.W. (in acetone solution by the micro- 
scopic method) = 207. 

The melting point (140°) of a known specimen of acetylumbelli- 
ferone (M.W.=204) was not depressed by admixture with this 
fraction, and the substances were apparently identical. 

(2) M. p. 130—133°. An analysis of this fraction gave C=63'8 ; 

H=4°3. 
Acetylumbelliferone, C,,;H,O,, requires C=64°7 ; H=3°9 per cent. 
Diacetyldihydroxycoumarin, C,,H,,O,, requires C=59'5; H=3°8 
per cent. ° 

(3) M. p. 115—118°. The mean molecular weight of this frac- 
tion, in acetone solution, was 228. C,,;H,,O, requires M.W.=262. 

These results served to confirm the conclusion that the above- 
described substance, melting at 237—239°, consisted chiefly of 
umbelliferone, together with a small proportion of a dihydroxy- 
coumarin. 


Isolation of Umbelliferone Methyl Ether. 


The ethereal extract of the aqueous liquid, which had been 
extracted with aqueous sodium carbonate, as above described, was 
subsequently shaken with aqueous potassium hydroxide, which re- 
moved a small amount of a crystalline substance. On finally wash- 
ing and drying the ethereal liquid, and evaporating the solvent, 
a much larger amount of the same substance was obtained. This 
material was recrystallised from dilute alcohol, when it separated 
in flat needles of a slightly yellowish colour, melting at 115—116°, 


* Dried at 110°, 
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The substance developed a coumarin-like odour on warming, and 
its solution in concentrated sulphuric acid showed a beautiful blue 
fluorescence. (Found, C=680; H=4'6. C,)H,O; requires 
C=68'2; H=4'5 per cent.) 

The above-described substance was thus identified as umbelli- 
ferone methy! ether, the occurrence of which in nature appears 
only once previously to have been observed, namely, in the 
caryophyllaceous plant Herniaria hirsuta, Linné (Monatsh., 1889, 
10, 161). The amount obtained in the present instance in a pure 
state was 6°3 grams, being thus equivalent to 0°028 per cent. of 
the weight of Matricaria flowers employed. 


The aqueous liquid (A) which had been extracted with ether 
was next shaken with several successive portions of warm 
amyl alcohol. The combined amyl-alcoholic liquids were concen- 
trated under diminished pressure in three stages, the material 
which separated during this process being in each case collected. 
All of these products were of a syrupy or gelatinous character, and 
formed on drying a varnish-like mass, which seemed to be incapable 
of crystallising. A portion of the material was therefore heated 
for two hours in dilute alcoholic solution with an amount of 
hydrogen chloride equal to 5 per cent. of the mixture. A resinous 
product was thus deposited, which was separated from the dilute 
alcoholic liquid, and the latter extracted with ether, but practically 
nothing was removed. The acid liquid was subsequently exactly 
neutralised with sodium carbonate, evaporated to dryness under 
diminished pressure, and the residue extracted with alcohol. From 
the product thus obtained a small amount of an osazone was pre- 
pared, which, in the crude state, melted at about 190°. The above- 
mentioned resinous product was distributed over purified sawdust, 
and the mixture extracted in a Soxhlet apparatus with ether. A 
yellowish substance was thus obtained, which, after separation from 
dilute alcohol, melted and decomposed at 345°. This substance 
possessed all the characters of apigenin, and its identity as such 
was confirmed by analysis. (Found, C=66'3; H=4°2. C,,H,,0; 
requires C=66°7; H=3°7 per cent.) 

From these results it may be concluded that apigenin existed in 
the flowers of Matricaria in the form of a glucoside, as well as in 
the free state, although, in distinction from the flowers of 
Anthemis nobilis (this vol., p. 1833), the glucoside could not be 
obtained in a crystalline form. 

After removal of the amyl alcohol from the aqueous liquid (A), 
a portion of the latter, representing 4 kilograms of the alcoholic 
extract, was treated with a slight excess of a solution of basic lead 
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acetate. A voluminous precipitate was thus produced, which was 
collected, thoroughly washed with water, then suspended in water, 
and decomposed by hydrogen sulphide. The filtrate from the lead 
sulphide was concentrated under diminished pressure, but then 
gave no precipitate with a solution of gelatin, and only a brown 
coloration with ferric chloride, thus indicating the absence of 
tannin. A portion of the concentrated liquid was heated with 
both 5 per cent. hydrochloric acid and aqueous alkali, but nothing 
definite was obtained by this treatment. 

The filtrate from the precipitate produced by basic lead acetate 
was subsequently treated with hydrogen sulphide for the removal 
of the excess of lead, again filtered, and then concentrated under 
diminished pressure. The syrupy liquid so obtained (1173 grams) 
evidently contained a quantity of sugar, since it readily yielded 
d-phenylglucosazone, melting at 208°. 

A portion of the syrupy liquid was acetylated, and from the 
resulting product a very small amount of a crystalline substance 
was isolated, which, after recrystallisation from a mixture of 
alcohol and ethyl acetate, separated in colourless needles, melting 
at 284—288°. The amount of this substance was too small to 
permit of its further examination. The uncrystallisable portion of 
the acetylated product was subsequently hydrolysed by heating 
with dilute sulphuric acid in a current of steam, and the acid 
removed by means of baryta. As the liquid so obtained was levo- 
rotatory, it indicated the sugar to consist, to a predominating 
extent, of levulose. 

Inasmuch as the above-mentioned syrupy liquid gave decided 
reactions with the usual alkaloid reagents, a portion of it was 
made alkaline by sodium carbonate, and subsequently extracted 
with both ether and chloroform, but only traces of indefinite, 
amorphous material were removed by these solvents. 


Isolation of Choline, C;H,,O.N. 


A quantity (480 grams) of the above-mentioned syrupy liquid 
was repeatedly treated with alcohol until a product was obtained 
which was soluble in nearly absolute alcohol. To the alcoholic 
solution of this product an alcoholic solution of mercuric chloride 
was added, the resulting precipitate being collected, and dissolved 
as completely as possible in hot water. The mercury was then 
removed from the aqueous liquid by means of hydrogen sulphide, 
the mixture filtered, and the filtrate, after being nearly neutralised 
with sodium carbonate, evaporated to dryness under diminished 
pressure. The residue thus obtained was extracted with alcohol, 
the solvent evaporated, and the residual substance dissolved in 
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water. To this aqueous solution, acidified with sulphuric acid, a 
solution of phosphotungstic acid was added, the resulting pre 
cipitate being collected, decomposed by aqueous barium hydroxide, 
and the mixture filtered. After the removal of the excess of 
barium by carbon dioxide, the filtrate was slightly acidified with 
hydrochloric acid, and evaporated to dryness under diminished 
pressure. This residue was repeatedly treated with absolute 
alcohol until, on the evaporation of the solvent, a product was 
obtained which dissolved completely in cold absolute alcohol. 
From one half of this solution a platinichloride was prepared, 
which, after crystallisation from water, melted and decomposed at 
255°, and amounted to about 0°4 gram. The salt was dried at 
110° and analysed. (Found, C=195; H=48; Pt=31'5. 
(C;H,,ONC1),PtCl, requires C=19°5; H=4°5; Pt=31°7 per cent.) 

These results established the presence of choline in Matricaria 
flowers. The amount obtained, in the form of the pure platini- 
chloride, was equivalent to about 0°007 per cent. of the weight of 
flowers employed. No evidence could be obtained of the presence 
of any basic substance other than choline. 


Examination of the Resin (B). 


The combined fatty and resinous material, which had been 
separated from the aqueous liquid (A) after distillation of the 
original alcoholic extract with steam, was distributed over purified 
sawdust, and the thoroughly dried mixture then extracted 
successively in a large Soxhlet apparatus with various solvents. 
The material from 4 kilograms of the original alcoholic extract 
yielded the following amounts of the respective products, dried 
at 100°: 

Petroleum (b. p. 35—50°) extracted 350-0 grams. 
Ether oe Cs 
Chloroform 125 ,, 


Ethyl acetate 23°70 ,, 
Alcohol ‘ 130°0__,, 


Total 613-5 grams. 


Petroleum Extract of the Resin. 


This extract, after the removal of the solvent, was heated with 
an alcoholic solution of potassium hydroxide, the greater part of 
the alcohol then removed, water added, and the mixture thoroughly 
extracted with ether. On concentrating the ethereal extract, a 
considerable amount of crystalline material separated, which was 
collected, and by the subsequent complete evaporation of the ether 
a further amount of substance was obtained. In order to ascertain 
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whether the last-mentioned product contained a fatty alcohol, it 
was subjected to treatment with phthalic anhydride, but with a 
negative result. The phthalic anhydride having then been re 
moved from the material, the latter was subsequently dissolved in 


a large volume of alcohol. 


Isolation of Triacontane, Cy Hep. 


The alcoholic solution of the substance which had been treated 
with phthalic anhydride, as above described, was concentrated, 
and the portions of material which successively separated during 
this operation were separately collected. The first three of these 
fractions were oily, but after being distilled under a pressure of 
14 mm. they were found to crystallise. This material was crystal- 
lised several times from ethyl acetate, and proved to be identical 
with that which had separated from the above-mentioned ethereal 
liquid. The substance was finally obtained in colourless, pearly 
leaflets, melting at 63—65°, and was identified as triacontane. 
(Found, C=84:'9; H=14'9. Cale., C=85°3; H=14'7 per cent.) 

The amount of this hydrocarbon obtained in a pure state was 
19 grams, being thus equivalent to about 0°16 per cent. of the 
weight of Matricaria flowers employed. 


Isolation of a Phytosterol, Cy,H4,0. 


The more soluble products from the above-mentioned alcoholic 
solution consisted chiefly of a crystalline substance, together with 
some oily material. The solid was separated, crystallised several 
times from petroleum of high boiling point, and finally from dilute 
alcohol. It was thus obtained in colourless leaflets, melting at 
132—134°, which gave the colour reaction of the phytosterols: 

0°0945, on heating at 105°, lost 0°0039 H,O. H,O=4'1. 

0°0906 * gave 0°2797 CO, and 0°0972 H,O. C=84'2; H=11°9. 
C,,H,,0,H,O requires H,O=4°5 per cent. 
C.,7H,yO requires C=83'9; H=11°9 per cent. 

This substance was thus identified as a phytosterol. A portion 
of it was converted into an acetyl derivative, which, after crystal- 
lisation from a mixture of alcohol and ethyl acetate, separated in 
glistening leaflets, melting at 122—123°. (Found, C=81'1; 
H=11'2. C,,H,,0O-CO-CH, requires C=81°3; H=11‘2 per cent.) 


Examination of the Fatty Acids. 


The alkaline, aqueous liquid resulting from the hydrolysis of 
the petroleum extract of the resin, which had been extracted with 


* Anhydrous substance, 
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ether for the removal of the unsaponifiable material, was acidified 
and again extracted with ether. The fatty acids thus obtained 
were converted into their ethyl esters, and the latter distilled in a 
current of steam. A small amount of volatile esters was thus 
obtained, which possessed an agreeable, fruity odour, but when re- 
distilled they passed over indefinitely between 100° and 250°, and 
thus consisted of a complex mixture. 

The main portion of the esterified product, which was not 
volatile in steam, was distilled several times under diminished 
pressure, when it finally passed over between 200° and 260°/ 
12 mm., and amounted to 140 grams. These esters were hydro- 
lysed, and the acids so obtained separated into liquid and solid 
portions by conversion into their lead salts, and treatment of the 
latter with ether. 

The Liquid Acids.—These acids distilled between 200° and 240°/ 
14 mm., and amounted to 25 grams. They had an iodine value 
of 132°6, and, on analysis, gave C=76°7; H=11°5. 

C,gH;,0, requires C=76°6; H=12°1 per cent. I.V.=90°1. 

C\gH 3.0, C=771; H=114 , , =%\IUvV.=18i-4. 

The above results indicate the liquid acids to have consisted of 
a mixture of oleic and linolic acids in about equal proportions. 

The Solid Acids.—These acids, when distilled under diminished 
pressure, passed over between 230° and 260°/15 mm. _ By frac- 
tional crystallisation, about 1 gram of an acid was obtained, which 
melted at 77—78°, and had a neutralisation value of 135°4. This 
was identified as cerotic acid. (Found, C=791; H=13°4. 
C,,7H;,0, requires C=79'0; H=13'2 per cent. N.V.=136°8.) 

The principal portion of solid acid was separated by crystallisa- 
tion into two fractions, which possessed the following characters: 

(1) M. p.54—55°. C=75°2; H=12°5. N.V.=213°4. 

(2) M. p. 55—56°. C=75°5; H=12°6. N.V.=207'1. 

C,>H3,0, requires C=75°0; H=12°5 per cent. N.V.=219°1. 

CigH 3,0. » C=761; H=127 , , #=.\N.V.=197.5. 

It would thus appear that both of the above fractions consisted 
of mixtures of palmitic and stearic acids, but in somewhat different 
proportions. 

Ether Extract of the Resin. 


This extract of the resin deposited a comparatively small amount 
of substance, which was collected, and the ethereal liquid was then 
Shaken successively with aqueous ammonium carbonate, sodium 
carbonate, and potassium hydroxide. Both the first- and the last- 
mentioned alkali removed only a small amount of indefinite 
material. The sodium carbonate extract, however, on acidification, 
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yielded a further small amount of apigenin, and, on subsequently 
extracting the filtered acid liquid with ether, a very small amount 
of a colourless substance was obtained, which crystallised from 
dilute alcohol in needles, melting at about 216°. This substance 
appeared to be identical with that obtained in an analogous manner 
from the ethereal extract of the original aqueous liquid (A). 
After the above-described extraction of the ethereal liquid with 
alkalis, the ether was evaporated. The residue, which consisted 
chiefly of amorphous, green material, yielded a further small 
amount of umbelliferone methyl ether, melting at 115—117°. 


Isolation of a Phytosterol Glucoside. 


The substance deposited from the ether extract of the resin, as 
above noted, together with some material of a similar nature which 
had separated from an emulsion formed on extracting the 
previously described fatty acids, was brought into a Soxhlet 
apparatus and extracted with absolute alcohol. The product thus 
obtained was then separated twice from dilute pyridine, when it 
formed a nearly colourless, microcrystalline powder, melting and 
decomposing at about 285°: 

0°1051 * gave 0°2795 CO, and 0°0983 H,O. C=72'5; H=10°4. 

A sitosterol glucoside, C,,H;,O,, requires C=72°3; H=10°2 per 
cent. 

A small portion of the substance was converted into an acetyl 
derivative, which crystallised in colourless leaflets, melting at 
158—160°. 

The greater part of the material was hydrolysed in amyl alcohol 
- solution by means of hydrochloric acid (compare T., 1913, 108, 
399). There was thus obtained a reducing sugar and a substance 
erystallising in lustrous leaflets, melting at 132—133°, which was 
identified as a phytosterol. (Found, C=83'7; H=12°3. C,,H,O 
requires C=83°9; H=11°9 per cent.) 

It is evident from these results that the above-described sub- 
stance was a phytosterol glucoside. 


Chloroform, Ethyl Acetate, and Alcohol Extracts of the Resin. 


The chloroform extract was shaken with aqueous alkalis, but 
yielded nothing definite. The ethyl acetate and alcohol extracts, 
when heated with sulphuric acid in aqueous alcohol, gave in each 
case a small amount of apigenin, together with a sugar from which 
an osazone, melting in the crude state at about 197°, was prepared. 
These two extracts therefore appeared to contain a small amount 
of an apigenin glucoside. 

* Dried at 105°, 
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Summary. 


The material employed for this investigation consisted of the 
flower-heads of Matricaria Chamomilla, Linné, commonly known as 
the German chamomile. 

In addition to a deep blue essential oil, which deposited a very 
small amount of umbelliferone methyl! ether, the flowers were found 
to contain the following compounds: (1) salicylic acid, together 
with, apparently, an octoic acid; (2) apigenin, C,;H,,O;; (3) a 
glucoside of apigenin, which could not be obtained in a crystalline 
state; (4) umbelliferone methyl ether, C,,H,O3, and a crystalline 
product (m. p. 237—239°), which possessed the characters of a 
mixture of umbelliferone and a dihydroxycoumarin; (5) choline, 
C;H,;0,N; (6) triacontane, Cy,Hg; (7) a phytosterol, C.,H,,O; 
(8) a phytosterol glucoside, C,;,H;,O,; (9) palmitic, stearic, cerotic, 
oleic, and linolic acids, together with an indefinite mixture of 
volatile fatty acids. The flowers contained, furthermore, a 
quantity of sugar, which yielded d-phenylglucosazone, melting at 
208°. The amount of fatty and resinous material, from which 
some of the abovementioned substances were obtained, was 
equivalent to 5‘9 per cent. of the weight of flowers employed. 

In comparing the constituents of the flowers of Matricaria 
Chamomilla (German Chamomile) with those of the flowers of 
Anthemis nobilis (Roman or English Chamomile), which have 
recently been investigated by the present authors (this vol., p. 
1829), it may be observed that whilst some of the compounds are 
common to both, there are also considerable differences. 


THe WELLCOME CHEMICAL RESEARCH LABORATORIES. 
Lonpon, E.C. 


CCXIL—Eaperiments on the Conversion of Certain 
Dibromides of the Type of Ethylene Dibromide 
into the Corresponding Glycols. 


By Ernest GraHAM BAINBRIDGE. 


Ir has long been known that ethylene glycol can be obtained from 
its diacetate more readily than from ethylene dibromide. Wurtz 
(Ann. Chim. Phys., 1859, [iii], 55, 400, 433) obtained glycol by 
heating glycol diacetate with alkalis, baryta, or slaked lime. 
Debus (Annalen, 1861, 119, 316) obtained glycol from ethylene 
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dibromide by heating it with potassium acetate, and treating the 
product—which he assumed to be glycol monoacetate—in a sealed 
tube at 100°. Kremann (Zeitsch. Elektrochem., 1907, 18, 307) has 
shown that glycol diacetate can be hydrolysed in dilute alcoholic 
solution by small quantities of alkalis, and Julius Meyer (Zettsch. 
Elektrochem., 1907, 18, 186) by dilute solutions of hydrochloric 
acid. These experiments, however, were carried out from a physico- 
chemical point of view. Henry (Bull. Acad. roy. Belg., 1906, 732) 
claims to have obtained a 90 per cent. yield of glycol by heating 
the diacetate with methyl alcohol containing 1°5 per cent. of 
hydrochloric acid. 

The present author first investigated the formation of glycol 
from glycol diacetate with the object of finding, if possible, a better 
method of preparing glycol than the methods previously used. 
This object was attained, and a very satisfactory yield was obtained 
by boiling with a dilute alcoholic solution of sodium ethoxide and 
fractionating the product, which is more convenient than the 
previous method of boiling the diacetate with excess of hydrated 
baryta or lime, and distilling off the glycol and water in the 
presence of a relatively large mass of solid substance. 

The success of these preliminary experiments led to an attempt 
to apply the same reaction to the preparation of the higher glycols. 

In order to prepare the diacetates of these higher glycols, the 
usual method of heating the corresponding dibromides with 
acetates of certain metals, such as potassium and silver, was 
adopted. It was found to be a matter of difficulty, however, to 
obtain some of these diacetates, partly on account of the costliness 
of the dibromides and partly on account of the inefficiency of the 
methods of preparation. An investigation of the causes of this 
- inefficiency showed that it was due to the formation of unsaturated 
bromides of the type of vinyl bromide. 

Much time was spent in unsuccessful attempts to improve the 
said methods of preparation by the use of various metallic acetates. 

In all, it was possible to obtain the diacetates of four of the 
higher glycols, and these have been investigated. ay-Butylene 
glycol diacetate had to be prepared from the corresponding glycol 
on account of the difficulty of obtaining ay-dibromobutane in 
sufficient quantity. 

For convenience, the matter of this paper has been divided into 
two parts. The first part deals with the attempts te convert the 
dibromides into the diacetates, whilst the second part concerns the 
hydrolysis of such diacetates as have been obtained. 
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Part I.—The Action of Metallic Acetates on Certain Dibromides. 


In order to convert a dibromide of the type of ethylene dibromide 
into the diacetate of its corresponding glycol, it has been usual to 
heat the dibromide with potassium or silver acetate in the presence 
of glacial acetic acid. 

The author has found that by this treatment many of these 
dibromides yield unsaturated bromides by the elimination of 
hydrogen bromide, CR,Brr-CHRBr —> CR,:CRBr. These un- 
saturated bromides are homologues of vinyl bromide, CH,:-CHBr, 
and are formed in some cases as the sole product, in other cases 
in addition to the diacetate expected. 

It is well known that the elimination of hydrogen bromide in 
this manner takes place with alcoholic potassium hydroxide. 
Solonina (J. Russ. Phys. Chem. Soc., 1898, 30, 826) has shown 
that this can also be brought about by means of sodium phenoxide. 

The tendency to form these unsaturated bromides was found to 
be greater with potassium acetate than with silver acetate. Experi- 
ments were carried out with lead acetate and ethylene dibromide, 
but as the yield of glycol diacetate was less than that with 
potassium acetate, it was not considered advisable to apply it to 
the homologues of ethylene dibromide, which are more expensive. 

The results of the present investigations are briefly as follows: 

Ethylene dibromide, when heated with potassium, silver, and 
lead acetates, gives a nearly quantitative yield of ethylene glycol 
diacetate. Many attempts were made to convert it into vinyl 
bromide with these reagents, but without success. 

Trimethylene bromide is also converted quantitatively into tri- 
methylene glycol diacetate. ’ 

In the case of propylene bromide, about two-thirds is converted 
into a-bromo-A*-propylene, CHMe:CHBr, and one-third into 
propylene glycol diacetate, the exact proportions depending on 
experimental conditions. 

isoButylene bromide is converted quantitatively into a-bromo-f- 
methyl-A~propylene CMe,:CHBr. 

y-Butylene bromide with potassium acetate gives B-bromo-p- 


butylene, a a rd . With silver acetate, the amount of 
8 
this is smaller, but some w-butylene glycol diacetate is produced. 


ExPERIMENTAL. 


Vinyl Bromide.—Attempts were made to convert ethylene 
bromide into vinyl bromide, but no unsaturated compounds could 
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be detected in the products even when ethylene bromide was 
heated with potassium acetate in a sealed tube at 200°. 

a-Bromo-A*-propylene.—Fifty grams of propylene bromide were 
heated in a reflux apparatus (on a sand-bath) with 50 grams of 
fused potassium acetate and 20 grams of glacial acetic acid for 
about five hours. At the end of this time the mass was distilled 
and the distillate heated with 50 grams of propylene bromide, 
60 grams of potassium acetate, and 20 grams of glacial acetic acid 
for four to five hours. The mass was distilled, and the distillate 
fractionated; 27 grams of propylene glycol diacetate were 
obtained, representing a yield of 35 per cent. of the theoretical. 

Ethylene bromide under similar conditions yields 70 to 80 per cent. 
of the theoretical quantity of glycol diacetate. On investigating the 
cause of this small yield, it was found that the lower fractions of 
the distillate contained a heavy oil, insoluble in water, which con- 
tained bromine, and decolorised bromine water. It was isolated 
by precipitating with water, washing, drying, and carefully 
fractionating. After several fractionations a liquid was obtained 
boiling at 58—60°. An analysis of this fraction proved it to have 
the formula C,H;Br. From its mode of formation it must 
obviously have the constitution 

CH,°CBr:CH, (I) or CH,*CH:CHBr (II). 

The former boils at 47°, and the latter exists in two forms, namely, 


CH,—C—H CH,—c—H 
Mr 

— ie “~ »—i-sn 
B. p. 59°5°. B. p. 62°5°. 


On boiling with dilute sodium hydroxide, the first compound (I) 
would give CH;°C(OH):CH,, which would change over into acetone. 
The second compound (II) would by a similar process give prop- 
aldehyde. The substance was boiled with dilute sodium hydroxide, 
and the product proved to contain an aldehyde. Of the two 
isomeric forms of (II), the substance was concluded to be the first, 
this agreeing better with the boiling point, and the first being the 
more stable form. 

It appears from these experiments that the action of potassium 
acetate on propylene bromide produces an equilibrium mixture of 
propylene glycol diacetate and a-bromo-A -propylene. 

The exact proportions of these substances depends on experi- 
mental conditions. On heating for two or three days, the propor- 
tion of the diacetate was smaller. In an actual experiment, 28 per 
cent. of the theoretical amount of the diacetate was obtained. 

a-Bromo-B-methyl-A*-propylene.—In the experiments carried out 
with isobutylene bromide, no trace of isobutylene glycol diacetate 
could be detected. 


7 
t 


One hundred grams of isobutylene bromide were heated with 
120 grams of potassium acetate and 50 c.c. of glacial acetic acid 
on a sand-bath for five hours. The mass was then treated with 
enough water to dissolve the whole of the solid matter. A heavy 
oil sank to the bottom, which was separated and dried. On 
fractionation a liquid was obtained boiling at 91—92°. An 
analysis of this substance indicated the formula C,H,Br. When 
boiled with dilute sodium hydroxide solution it gave an aldehyde, 
and was therefore concluded to be a-bromo-8-methyl-A*-propylene, 
the boiling point of which is 92°. 

Silver acetate gave the same result as potassium acetate. An 
alteration in the method of isolation was necessary. Instead of 
adding water to the product of heating, it was distilled until all 
the volatile matter had passed over. The distillate was then 
treated with water, and the substance isolated as before. 

B-Bromo-)-butylene and w-Butylene Glycol Diacetate-—Ninety 
grams of w-butylene dibromide were boiled for about eight hours 
with 105 grams of potassium acetate in 50 c.c. of glacial acetic 
acid. The product was then treated with water, and the oil 
separated and dried. On fractionation a liquid was obtained, 
which boiled at 91—93°. This corresponds with trans-B-bromo-y- 
butylene, which boils at 91°. The crude product weighed 33 
grams, representing a yieid of 66 per cent. of the theoretical. A 
little (about 3 grams) y-butylene glycol diacetate was obtained. 

Silver acetate gave a comparatively good yield of y-butylene 
glycol diacetate. Fifty grams of ~-butylene dibromide were heated 
with 80 grams of silver acetate and 20 c.c. of glacial acetic acid 
for four hours, the products distilled off, and heated with another 
50 grams of dibromide, 90 grams of silver acetate, and 30 c.c. of 
glacial acetic acid. The products were again distilled off and care- 
fully fractionated. About 19 grams of f-bromo-y-butylene were 
obtained, and about 25 grams of a liquid boiling at 190°. The 
latter was analysed, and an acetyl determination carried out, the 
results of which agreed with the formula AcO-CHMe:-CHMe-OAc. 
It was concluded that the liquid was y-butylene glycol diacetate, 
which has not previously been described. The yield of this sub- 
stance was 31 per cent. of the theoretical. 


Summary. 


Although only five of the dibromides have been investigated, an 
important feature becomes apparent on classifying them according 
to their behaviour with potassium and silver acetates: 
7K2 
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Ethylene bromide \ 


and give diacetate but no unsaturated bromide. 
Trimethylene bromide J : 
Propylene ia gives some unsaturated bromide and some 
diacetate. 
isoButylene Pr gives unsaturated bromide but no diacetate. 


The second, CH,Br-CH,*CH,Br, contains two bromine atoms 
attached to carbon atoms, which are separated by a CH, group, 
and this gives no unsaturated dibromide. 

The last, CMe,Br-CH,Br, which contains two bromine atoms 
attached to adjacent carbon atoms, gives no diacetate. 

The third, CHMeBr-CH,Br, gives both the unsaturated com- 
pound and the diacetate. 

In comparing the physical properties of members of the series, 
it frequently happens that the first member is anomalous. In this 
case, ethylene bromide, which contains bromine attached to 
adjacent carbon atoms, does not behave like the other members 
possessing this feature. Leaving, therefore, ethylene bromide out 
of consideration, the following suggestions can be put forward, 
namely, that (1) dibromides which have the two bromine atoms 
attached to adjacent carbon atoms are capable of forming un- 
saturated compounds, and (2) that the tendency to form the 
diacetate decreases as we ascend the series. On the other hand, 
y-butylene bromide, CHMeBr-CHMeBr, gives a mixture of the 
diacetate and the unsaturated compound in about the same pro- 
portions as does propylene bromide. This, however, might be 
accounted for by the symmetry of the molecule of w-butylene 
bromide. 


Part II.—The Conversion of Diacetates into Glycols. 


The diacetates of five glycols were investigated. In the case of 
ethylene glycol diacetate and trimethylene glycol diacetate, the 
best yields were obtained by boiling with a dilute alcoholic solution 
of sodium ethoxide and distilling the product. 

ay-Butylene glycol diacetate was hydrolysed by this means, but 
not so readily as the previous two diacetates. 

In the other two cases, propylene glycol diacetate and y-butylene 
glycol diacetate, this method was not effective. 

The other hydrolytic agents tried, namely, dilute alcoholic 
sodium hydroxide and acetate, and aqueous sodium hydroxide and 
acetate, were not so effective as sodium ethoxide, and consequently 
were not applied to the higher glycols. 

Although the above method is not general, the following gave 
good results with all the diacetates investigated. The diacetate 
was boiled with an equimolecular quantity of sodium ethoxide in 
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alcohol. The supernatant liquid was distilled off, and the residue 
saturated with carbon dioxide. The latter was then boiled with 
about two molecular proportions of water, and the mass distilled. 
On fractionation of the distillate, about 70 to 80 per cent. of the 
theoretical quantity of glycol could be obtained. 

Sufficient evidence has not yet been obtained to determine the 
exact nature of this reaction, and at present the method can only 
be put forward as a practical method of preparation. 

Glycol Diacetate-——This has been worked out in some detail. 
The following hydrolytic agents have been tried: alcoholic sodium 
ethoxide, sodium hydroxide, sodium acetate, and aqueous sodium 
hydroxide and sodium acetate. In some cases different strengths 
of solutions were tried. 

It was found that a dilute alcoholic solution of sodium ethoxide 
is capable of hydrolysing glycol diacetate catalytically, forming 
ethyl acetate and glycol, the yield of the latter being 75 to 85 per 
cent. of the theoretical. 

The following equations probably represent the changes which 


take place: 
CH, -O-CO-CH, CH.-ONa 
Et N: = | : 2 ‘ 1) Or 1 * > 
(a) ¢ éu-o-co-cH, * O%* = bir o.co-cH, + BYO°CO-CH, 


This intermediate product has not been isolated, and is probably 
decomposed instantly, as follows: 


CH, ‘ONa . CH,°OH 
©) dn,-0-co-cn, * MOM = BtON® + bi o.co-cH,” 

The remaining acetyl group will, of course, be eliminated in a 
similar manner. 

The effect of larger quantities of sodium ethoxide was also tried. 
The result was the same, and the hydrolysis was effected in less 
time. When alcohol containing small quantities of water was used, 
a smaller yield of glycol was obtained, in some cases the amount 
being as little as 10 per cent. of the theoretical. Alcoholic solu- 
tions of sodium hydroxide were found to give a smaller yield than 
solutions containing an equivalent quantity of sodium ethoxide. 

These last two results can be explained as follows. The solution 
of sodium hydroxide in absolute alcohol or sodium ethoxide in 
alcohol containing water would consist of an equilibrium mixture 
of sodium ethoxide and sodium hydroxide. As the hydrolysis took 
place, the sodium hydroxide would be converted into sodium 
acetate (which, as shown below, produces only a small amount of 
hydrolysis), leaving a smaller amount of sodium ethoxide than 
would be present if absolute alcohol and an equivalent quantity 
of sodium ethoxide had been used. Therefore, hydrolysis being 


| 
| 
| 
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due to sodium ethoxide, would take place more slowly, or in the 
same length of time less of the ester would be hydrolysed. 

Equimolecular quantities of sodium hydroxide and_ glycol 
diacetate gave, on warming, a bulky precipitate of sodium acetate, 
thus removing half of the acetyl radicle from solution. The rest 
of the acetyl radicle was eliminated, probably catalytically, for 
about 70 to 80 per cent. of the theoretical amount of glycol was 
obtained. 

With regard to aqueous hydrolytic agents, it was found that 
glycol diacetate could be hydrolysed catalytically by means of dilute 
aqueous sodium hydroxide. This would be expected to form 
sodium acetate, and thus stop the reaction unless sodium acetate 
was also capable of acting catalytically in the same manner. This 
point was tested by heating equal quantities of glycol diacetate 
with solutions containing equivalent small quantities of sodium 
hydroxide and sodium acetate respectively. At the end of a certain 
time the amount of hydrolysis was tested by titrating with hydro- 
chloric acid. This was practically the same in the two cases. 
This method of hydrolysis is not very suitable from a preparatory 
point of view, owing to the volatility of glycol in steam. 

Trimethylene Glycol Diacetate.—This was found to be hydrolysed 
in a similar manner to glycol diacetate by dilute alcoholic sodium 
ethoxide and sodium hydroxide. The best results were obtained 
with the former, the yield being 80 per cent. 

Propylene Glycol Diacetate and w-Butylene Glycol Diacetate.— 
With dilute alcoholic sodium ethoxide no hydrolysis took place, 
the diacetate being recovered. 

ay-Butylene Glycol Diacetate-——With dilute alcoholic sodium 
ethoxide a small amount of hydrolysis had taken place, but the 
product was not easy to separate from the unchanged acetate. 
With a molecular proportion of sodium ethoxide, 75 per cent. of 
the theoretical quantity of ay-butylene glycol was obtained. 


EXPERIMENTAL. 
Glycol Diacetate. 


(a) Sodium Ethoxide—0O°1 Gram of sodium was dissolved in 
50 c.c. of absolute alcohol (distilled from calcium), and to this 
solution were added 7°3 grams of glycol diacetate. Immediately 
an odour of ethyl acetate was observed. The mixture was heated 
for about six hours on a steam-bath in a reflux apparatus, and 
then the mass was distilled. The lower fractions contained ethyl 
acetate and alcohol. When the temperature reached 80° the 
thermometer began to rise rapidly, and at 190—200° a viscous 
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liquid distilled over. On fractionation, the main portion boiled 
at 195°, and proved to be glycol. A small amount of solid residue 
was left, which consisted of sodium ethoxide and a little sodium 
acetate. 

A second experiment was carried out with the object of esti- 
mating the amount of ethyl acetate. 3°154 Grams of the ester 
were hydrolysed as above. After the hydrolysis had taken place, 
the ethyl acetate and alcohol were distilled over from a steam- 
bath. The distillate was boiled with excess of W/10-alcoholic 
potassium hydroxide for two hours, and then titrated with N/10- 
hydrochloric acid. The alkali used corresponded with 28°6 c.c. 
of W-potassium hydroxide. 3°154 Grams of the ester, if com- 
pletely hydrolysed, would require 33°5 c.c. of N-potassium 
hydroxide. Therefore the amount of ethyl acetate given off corre- 
sponded with 85°1 per cent. of the theoretical. 

With larger quantities, a similar result was obtained. One 
molecular proportion gave 82°1 per cent. of ethyl acetate, and two 
molecular proportions gave 80 per cent. 

Further experiments were carried out, using alcohol containing 
small amounts of water. 0°1 Gram of sodium was dissolved in 
50 c.c. of alcohol, and 0°5 c.c. of water added. 146 Grams of 
ester were added, and the mixture was heated on a steam-bath 
for six hours. On distillation, 4°3 grams of glycol were obtained. 
This represents a yield of 71 per cent. of the theoretical. 

In an experiment with 1 c.c. of water in 50 cc. of absolute 
alcohol, 14°6 grams of glycol diacetate gave 0°6 gram of the glycol 
(=10 per cent.). The bulk of the ester was unchanged. 

(b) Alcoholic Sodiwm Hydroxide.—Experiments were carried 
out with sodium hydroxide in the same way as with sodium 
ethoxide, using 0°17 gram of sodium hydroxide. 

With absolute alcohol (50 c.c.), 7°3 grams of glycol diacetate 
gave 2°0 grams of glycol (=64 per cent. of the theoretical). 

With absolute alcohol containing 1 per cent. of water, 14°6 grams 
of glycol diacetate gave 0°4 gram of glycol (=6 per cent. of the 
theoretical). 

Two experiments were carried out under the same conditions, 
one using sodium hydroxide (0°17 gram) and the other the corre- 
sponding quantity of sodium ethoxide, both in absolute alcohol. 
The latter gave 79 per cent. of glycol, the former 64 per cent. 

(c) Aqueous Sodium Hydroxide—14'6 Grams of glycol di- 
acetate were heated for fifteen minutes with 8 grams of sodium 
hydroxide in 50 c.c. of water. At the end of this time all the 
glycol diacetate had disappeared, and the solution was quite clear. 
The mixture was then distilled to dryness, the residue consisting 
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of sodium acetate. On fractionating the distillate, two fractions 
were obtained, one consisting of water (100° to 110°), and the 
other (above 190°) consisting of glycol; 3°1 grams of the latter 
were obtained, representing a yield of 50 per cent. of the 
theoretical. The former fraction was tested for glycol by the 
following test devised by the author. To a few drops of the 
substance about 1 c.c. of dilute potassium permanganate is added, 
and then sulphuric acid is poured down the side of the test-tube 
until about 2 c.c. have collected at the bottom; the mixture is 
then shaken. Acetic acid does not decolorise the solution, glycol 
diacetate decolorises it slowly, and glycol decolorises it immediately. 

Glycol was found to be present in the first fraction. It appears, 
therefore, that the hydrolysis of glycol diacetate can be effected 
by this means, but a poor yield is obtained, glycol being lost in 
two ways, namely, through its volatility in steam and through 
the difficulty of separation of the last traces of glycol from the 
solid residue. 

With dilute sodium hydroxide glycol diacetate was hydrolysed 
completely after heating for some time. Here, as in the last ex- 
periment, a large amount of the glycol was lost in the steam. 

(d) Alcoholic Sodwwm Acetate.—73 Grams of glycol diacetate 
were heated with 0°4 gram of sodium acetate in alcoholic solution 
on a steam-bath for eight hours On fractionation, 6°0 grams of 
the diacetate were recovered unchanged. An estimation of the 
ethyl acetate formed showed that 0°5 gram of the diacetate had 
been hydrolysed. 

(e) Aqueous Sodium Acetate.—In order to test whether sodium 
acetate was capable of hydrolysing glycol diacetate catalytically to 
the same extent as sodium hydroxide, the following experiment 
was carried out. Two quantities of 14°6 grams of glycol diacetate 
were boiled respectively with 0°05 gram-molecule of sodium 
hydroxide and 0°05 gram-molecule of sodium acetate in 50 c.c. 
on the same sand-bath. After a time, when the hydrolysis was 
still incomplete, the flasks were allowed to cool. The solutions 
were filtered through moistened filter paper, made up to 250 c.c., 
and titrated with V/10-potassium hydroxide. In the experiment 
with sodium hydroxide, 11°2 per cent. of the diacetate had been 
hydrolysed ; in the experiment with sodium acetate, 10°8 per cent. 


Trimethylene Glycol Diacetate. 


0°1 Gram of sodium was dissolved in 25 c.c. of alcohol, and the 
resulting solution heated on a steam-bath with 8:0 grams of tri- 
methylene glycol diacetate for twelve hours. On fractionation, 
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3°2 grams of trimethylene glycol were obtained, representing a 
yield of 80 per cent. of the theoretical. 


Propylene Glycol Diacetate. 


0°1 Gram of sodium was dissolved in 25 c.c. of absolute alcohol, 
and the solution heated on a steam-bath with 80 grams of 
propylene glycol diacetate for twelve hours. On distillation, the 
product (6°0 grams) consisted largely of unchanged diacetate, boil- 
ing at 183—186°. As the boiling point of propylene glycol is only 
3° higher than this, it is possible that the product contained a 
little of the glycol. It was, however, a mobile liquid, and com- 
pletely miscible with ether. Propylene glycol is very viscous, and 
is insoluble in ether. 


ay-Butylene Glycol Diacetate. 


0'1 Gram of sodium was dissolved in 25 c.c. of absolute alcohol, 
and the solution boiled on a steam-bath with 87 grams of 
ay-butylene glycol diacetate for eight hours. On distillation, a 
product (5 grams) was obtained, boiling at 198°, which was in- 
soluble in water and completely soluble in ether. It was con- 
cluded to be the unchanged diacetate. An experiment on a larger 
scale, using one molecular proportion of sodium ethoxide, gave 
60 per cent. of the theoretical amount of ay-butylene glycol. 


y-Butylene Glycol Diacetate. 


0°1 Gram of sodium was dissolved in 25 c.c. of absolute alcohol, 
i and the solution boiled with 87 grams of y-butylene glycol 
a diacetate for eight hours. The product consisted of unchanged 
diacetate, boiling at 188—190°. It was soluble in ether and in- 
soluble in water. 

The general method of preparing glycols mentioned on p. 2296 
was carried out as follows. 1°15 Grams of sodium were dissolved 
in 25 “t.c. of absolute alcohol containing about 1 per cent. of 
water, the ester was added, and the mixture was heated for about 
an hour on a steam-bath in a reflux apparatus. The supernatant 
liquid was evaporated, and the residue was boiled for about fifteen 
minutes with 2°3 c.c. of water, and then saturated with carbon 
dioxide to remove any excess of alkali. The mass was then dis- 
tilled, and the distillate fractionated. The yield varied from 60 
to 85 per cent. of the theoretical. 


Ethylene glycol diacetate gave 85 per cent. 


Propylene __,, 9 76 ” 
— a ae 63 » 
ay-Butylene ,, - 60 9 
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On classifying the diacetates investigated, it will be seen that 
they fall into two distinct classes, according to their behaviour 
with alcoholic sodium ethoxide: (1) those which are hydrolysed 
by this means, namely, ethylene glycol diacetate, trimethylene 
glycol diacetate, and ay-butylene glycol diacetate; and (2) those 
which are not hydrolysed, namely, y-butylene glycol diacetate and 
propylene glycol diacetate. It will be noticed that class 2 (except 
the first) have their acetoxyl groups attached to adjacent carbon 
atoms, whilst class 1 have them attached to carbon atoms which 
are not adjacent. 


In conclusion, the author desires to acknowledge his indebted- 
ness to the Research Fund Committee of the Chemical Society for 
a grant which has partly covered the expenses of this research, 
and also to thank Prof. A. Lapworth and Mr. E. Hope for their 
advice and encouragement. 
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CCXIII.—Electromotive Forces in Alcohol. Part IV. 
Combinations of the Hydrogen and Calomel 
Electrodes. 


By Recinatp Furness, Ropert Taytor Harpman, and 
Epcar NEWBERY. 


Tue investigations described in the earlier papers of this series 
(T., 1911, 99, 1417, 2242; 1912, 101, 2249) have been continued 
in the hope that it might ultimately prove possible to compare 
by electrometric methods the thermodynamic potentials of highly 
dilute hydrogen chloride in water and alcohol respectively.# Pro- 
gress in this direction was only possible after further examination 
of: (a) the behaviour of the calomel electrode in alcoholic solu- 
tions of mineral chlorides; (6) the influence of metallic chlorides 
on the potential of the hydrogen electrode in alcohol; and (c) the 
potential differences between electrodes reversible to chloridion 
and hydrion respectively in alcoholic solution. At Professor 
Lapworth’s suggestion, the authors have therefore undertaken 
the present investigation, measured the potential differences in 
question, submitted the results to a careful theoretical analysis, 
and thus defined certain lines along which definite progress may 
be hoped for. 
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Ex PERIMENTAL. 
[RecinaLpD Furness and Rosert Taytor Harpmay.| 


The alcohol used in the following experiments was dried as 
described in Part I (loc. cit., p. 1420), and further purified from 
all traces of ammonia by redistillation after it had been rendered 
faintly acid to methyl-orange by addition of a highly dilute solu- 
tion of hydrogen chloride in anhydrous alcohol, every precaution 
being taken to prevent access of moisture during this and all 
subsequent processes. 

All measurements were made with a very carefully calibrated 
potentiometer, made by the Land and Seekabelwerke, in connexion 
with a very sensitive galvanometer, by Gambrell Bros., as null 
instrument. 

The calomel cells were similar to those figured in Part I, but 
were provided with a wide sidetube, which greatly increased the 
sensitiveness of the combinations, and this sidetube .was con- 
nected with that of the hydrogen electrode-cell by means of rubber 
tubing. In these experiments the danger of intermixing of the 
cell-liquids was practically non-existent, an advantage which 
obviated many of the manipulative difficulties previously met with 
when employing combinations of two hydrogen electrodes. 

The hydrogen electrode cells were the same as those employed 
by Wilsmore and figured on p. 239 of Lehfeldts’ “ Electro- 
chemistry ” (Text Books of Physical Chemistry, 1904, Longmans, 
Green and Co.). They were wholly constructed of glass, however, 
and thin platinum foil was used as electrode throughout. 

The whole combination of hydrogen with calomel electrode, 
with the exception of the junction of the side-tubes and a small 
upper portion of each cell, was immersed in the water of a 
thermostat kept at 25+0°02°. 

In all cases where sensibly constant electromotive forces were 
not observed, or where constancy was not attained within fifteen 
minutes from the time of setting up the combination, the hydrogen 
electrode cell was refilled, refitted with newly platinised electrodes, 
and readings were begun ab initio. 

Where measurements were made with saturated solutions of 
sodium chloride, complete saturation of the alcohol with the salt 
was ensured by adding a large excess of the powdered anhydrous 
salt in the electrode cell itself; it was found that in these circum- 
stances the potential difference of a pair of calomel electrodes 
reached a steady value in. about two hours after setting up, and 
remained constant for an indefinite period. 

The standard of comparison was a Weston cell of the most 
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Company. 
Results. 


In the following summaries of results, the #.M.F. quoted for 
each combination is the mean of six readings taken at intervals 
during two to three hours, the first having taken about fifteen 
minutes after the combination had been set up. In no case did 
the observed H.M.F. vary by more than one millivolt for any 
single combination. 

The arrows represent the directions of the currents within the 
cells. 

Cell (a): 

Hg,Hg,Cl,,[saturated NaCl] | [0:01V-HCI],H,. 
a 

Mean #.M.F. for different combinations in millivolts: 253°3, 
253°0, 253°0, 253°7, 254-0. 

Uean E.M.F. of five combinations =0°2534 volt. 

Cell (6): 

Hg,Hg,Cl,,[saturated NaCl] | [0°01V-HCI; saturated NaCl],H,. 

<—- 

Mean #.M.F. for different combinations in millivolts: 247°5, 
248°0, 248°0, 248°3, 249°0, 248°0. 

Mean E.M.F. of seven combinations =0°2482 volt. 

Cell (c): 

Hg,Hg,Cl,,[0°01NV-HC1] | [0-01V-HCI; saturated NaCl],Hp. 

sins 

Mean #.M.F. for different combinations in millivolts: 248°7, 
248°0, 248°6, 248°0. 

Mean E.M.F. of four combinations =0°2483 volt. 

Cell (a): 

Hg,Hg,Cl,,|saturated NaCl] | [0:002V-HCI],H. 
a 

Mean #.M.F. for different combinations in millivolts: 282°6, 
280°3, 281°0, 280°0, 280°0, 278-0, 281-0. 

Mean E.M.F. of seven combinations =0°2804 volt. 

Cell (e): 

Hg,HgCl,,[saturated NaCl] 


[0°002N-HC1; saturated NaCl],Hy. 
‘il 

Mean £#.M.F. of different combinations in millivolts: 279°0, 
279°2, 279°6, 279°3, 280°4. 


recent type, supplied by the Cambridge Scientific Instrument 


See 
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Mean E.M.F. of five combinations =0°2795 volt. 


Cell (f): 
Hg,Hg,Cl,,[0°002N-HC1; saturated NaCl] | [0°002V-HCI1; saturated 
NaCl],H,. 
< 


Mean #.M.F. for different combinations in millivolts: 284°0, 
2840, 283°7, 282°6. 
Mean E.M.F. of four combinations =0°2836 volt. 


Several measurements were also carried out in which lithium 
chloride instead of sodium chloride was used. 

Lithium chloride was employed by Hardman and Lapworth for 
the purpose of minimising liquid contact-potential differences in 
their experiments with the hydrogen electrode (Parts II and III, 
loc. eit.), and the authors have therefore examined the following 
combinations in order to exclude the possible suggestion that this 
salt may have any unforeseen and important influence on the 
potential of the hydrogen electrode in alcoholic solutions of 
hydrogen chloride. 

The general remarks already made as to the methods and 
apparatus used in the experiments with sodium chloride also apply 
to the cases below. 


Cell (9): 
Hg,Hg,Cl,,[0°1W-LiCl] | [0:002V-HC1; 0°01N-LiCl],H,. 
<— 
E.M.F. for different combinations in millivolts: 260, 259, 260. 
Mean E.M.F. for three combinations =0°2595 volt. 
Cell (A): 
Hg,Hg,Cl,,[1-0N-LiCl] | [0°002V-HCl; 1-:0N-LiCl],H,. 
~ 
E.M.F. of different combinations in millivolts: 249, 246, 247. 
Mean E.M.F. of three combinations=0°2473 volt. 
Cell (4): 
Hg,H¢g,Cl,,[0°01 W-LiCl] | [0°002N-HC1; 0-01N-LiCl],H,. 
ae 


E.M.F. of different combinations in millivolts: 282, 283, 284. 
Mean E.M.F. of three combinations =0°283 volt. 


Cell (i): 
Hg,Hg,Cl,,[0°002N-HC1; 0°01N-LiCl] | [0:002N-HC1 ; 


0:01W-LiCl], Hy. 
<— 
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E.M.F. of different combinations in millivolts: 259°4, 259°8. 
Mean E.M.F. of two combinations=0°2596 volt. 


It may be added that the influence of small quantities of 
moisture in the hydrogen electrode compartment of some of the 
above combinations was examined. The potential differences in- 
creased to a marked extent in accordance with the results already 
obtained by Hardman and Lapworth in working with combina- 
tions of two hydrogen electrodes. 


Analysis of the foregoing determinations of electromotive forces. 
[Epcar NEwsERy. | 


The above measurements will be required for the calculation of 
the differences in the thermodynamic potentials of dilute solutions 
of hydrogen chloride in alcohol and water respectively, utilising 
certain novel data, which will be given in future communications. 

Having regard, however, to the uncertainty which still attaches 
to measurements of potential differences in alcoholic solutions, it 
will be necessary, in the first instance, to ascertain whether these 
observations can be regarded as trustworthy from the point of 
view of agreement among themselves, so far as can be judged by | 
the application of the standard methods of calculation to such 


cases. 

In the following calculations it has been assumed that the 
relative mobilities of the ions, with the exception of the hydrogen 
ion, are the same as in water (compare Lapworth and Partington, 
T., 1911, 99, 1420), and that the transport number of the 
chloridion in alcoholic hydrogen chloride is 0°30. The possible | 
error arising out of inaccuracy in the latter assumption affects the 
results of these calculations to an extent which is well within 
the other experimental errors at present attached to such deter- ig 
minations in alcoholic solution. i 

The relative mobilities assumed throughout are thus: Cl, 62; | 
Na, 40°5; H, 145. 

The differences between the electromotive forces of any two of 
the combinations described by Furness and Hardman have been 
calculated as in the following example: 


Theoretical Difference in Electromotive Force between the Cells 
(a) and (b). 


The difference in the absolute potential of the mercury in cell 
combination (a) and that in (6) is given by Nernst’s well-known 
formula 
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where C,! and (;! are the concentrations of the chloridion in the 
calomel electrodes of (a) and (0) respectively, R, 7, and F having 
their usual significance. 

Calculation of Cy!—C;,! has been calculated with the aid of: 
(1) the equations given by Nernst (‘Theoretical Chemistry,” 
English Translation, 1904, p. 527) for the change in solubility of 
a binary electrolyte caused by the addition of another electrolyte 
having a common ion, and (2) an application of Arrhenius’ theory 
of isohydric solutions. 

The equations given by Nernst are: 

m(l—a.)=m(1—a) . . . . . . (a) 

(mo a)?=ma(mat+a). . . . . . (B) 
where m, and a, are respectively the solubility and degree of 
ionisation of the electrolyte at saturation in the pure solvent, 
m and a the corresponding terms in the mixed solution, and « the 
concentration of the new ion appearing on addition of the second 
electrolyte. 

In order to evaluate xz, m, and a, it is necessary to apply the 
theory of isohydric solutions, and, in the first instance, on the 
assumption that the presence of the second electrolyte does not 
affect the solubility of the first; a rough value for x is thus 
obtained, which may be substituted in the equations a and B when 
first approximations to m and a are obtained. The law of 
isohydric solutions is then applied once more, and a new value for 
« obtained, the process being repeated until the value of 2 is 
unaltered by such repetition. The process is very lengthy, involves 
repeated references to the conductivity curves for sodium and 
hydrogen chlorides in alcohol (Véllmer, Ann. Phys. Chem., 1894, 
[iii], 52, 382,°and Lapworth and Partington, T., 1911, 99, 1417), 
and cannot be given in detail here. 

In the present instance, for the calomel electrode of the com- - 
bination (b), m,=0°0094,* a,=0°62; the calculations outlined 
above give =0°0069, m=0°0069, and a=0°50. 

From these results, C,/ (the concentration of the chloridion in 
the calomel cell (b) )=ma+2=0°01035. Similar calculations were 
performed with reference to the mixed solutions in cells (e) and 
(f), and a table showing all the data obtained for both of the 
mixed solutions. used is given below: 

Cells (4) Cells (e) 


Concentration of : and (c). and (/). 
Sodium chloride ................++ 0-0069 0-0087 
Hydrogen chloride ............... 0-01 0-002 
Sodium ions...........ccccececesses 0-00345 0-00505 
Hydrogen ions..........scssseesses 0-0069 0-00146 


Chlorine ions ...........ccseeeeees 0-01035 0-00651 


* All quantities are given in‘gram-molecules per litre. 
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Boundary potentials in the cells were next calculated, using the 
above data with the aid of Henderson’s equation. The calcula- 
tions are perfectly straightforward, and examples are unnecessary. 
The results are as follows: 


Cell (a). (2). (c.) (d.) (¢.) (7.) 
00190 00147 0-0 0-0147 0-0063 0-0 volt 


In every case, the boundary potential acts in the same direction 
as the #.M.F. of the cell. 

The difference in absolute electromotive force between various 
pairs of cells is easily calculated by means of the Nernst formula 
already quoted, and, knowing the difference in boundary potential, 
the total potential difference is obtained, and may be compared 
with the experimental results obtained by Furness and Hardman. 
This has been done in the following table: 


Total 
Difference of Difference of calculated Measured 
Cells absolute boundary potential potential 
compared. potential. potential. difference. difference. 
(a) and (b) +0°0011 volt. —0-0043 volt. -—0-003 volt —0-005 volt. 
(b) ,, (ce) —0-0147 ,, —0-0147 _,, —0-029 ,, —0-000 _,, 
(2) 4, (e) +0-0027 ,, —0-0084 _,, —0-006_ ,, —0-001 ,, 
(e) 5, (f) —0-0028 _,, —0-0063 _,, —0-009 ,, +0-004 ,, 
(a) ,, (d) +0-0382 ,. —0-0043_,, +0-034 ,, +0-027 ,, 
(b) ,, (e) +0-0398 _,, —0-0084 _,, +0-031 ., +0-032 ,, 
(c) 45 (f) +0°0517 9 —0-0 ” +0°052 9 +0-036 ” 


The observed potential difference between a and + is in fairly 
good agreement with the calculated difference, also that between 
(5) and (e). 

The values for (d) and (e) show a less satisfactory agreement, 
and here, possibly, some experimental error is responsible. If the 
measured #.M.F. of (d) is increased by about 0°006 volt, good 
agreement is obtained with the calculated differences, not only 
between (d) and (e), but also between (a) and (d). The error is 
therefore probably in the measurement of the potential of cell (d). 

No hypothesis of experimental error can account for the great 
discrepancies observed between calculated and measured potential 
differences when cells (c) and (f/f) are employed. These are 
entirely at variance with any of the other cell values and with 
each other, the discrepancies being the greater the stronger the 
acid present in the cell. 

We are therefore forced to the important conclusion that 
calomel electrodes in acid-alcoholic solutions are untrustworthy. 

In view of the fact that the potential of the calomel electrode 
in the acid-alcoholic solutions is always too high, and also that this 
increase is greater with the stronger acid, it seems probable that 
these discrepancies have their origin in irreversible chemical 
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changes which occur when calomel is left in contact with alcoholic 
hydrogen chloride, for Lapworth and Partington have drawn 
attention to the fact that blackening of the calomel takes place 
under these conditions (T., 1911, 99, 1422), although Furness and 
Hardman did not observe any such blackening in this case. 

Possibly the weaker acids may not show this effect, but as the 
foregoing data render it probable that an error of 13 millivolts is 
caused by a W/500-solution of hydrogen chloride, it would be 
unsafe to rely on measurements with the calomel electrode even 
in these without further experimental evidence. We may con- 
clude, therefore: 

(1) That Furness and Hardman’s numbers for the 7.M.F. of 
cells (a), (6), and (e) are nearly correct, but that their number 
for the #.M.F. of cell (d) is probably too low by about 6 milli- 
volts.* 

(2) That the calomel electrode does not give trustworthy results 
in acid-alcoholic solutions, but behaves satisfactorily in dilute 
alcoholic solutions of sodium chloride. 


The authors desire to state that in the experiments described 
in the present paper much of the expense was defrayed from a 
grant from the Chemical Society received by one of them, and that 
they also had the advantage of using a certain amount of glass 
apparatus which had been purchased out of a grant to Professor 
Lapworth from the Government Grant Research Fund of the 
Royal Society. 


CHEMICAL LABORATORIES, 
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* This result, obtained with /500-hydrogen chloride, although possibly 
exaggerated slightly by the uncertainties attaching to calculations based on the 
application of the gas laws to solutions of strong electrolytes, is a very interesting 
one when considered in connexion with the results of Hardman and Lapworth 
(Part II., T’., 1912, 101, 2251), who found that with increasing dilution of hydrogen 
chloride in alcohol, up to V/100, there appeared a growing discrepancy between the 
observed and calculated electromotive forces. It is now nearly certain that the 
transport number of hydrion in alcoholic hydrogen chloride is not less than 0°3 and 
it would therefore appear that the performance of the hydrogen electrode here 
is satisfactory only when the conductivity of the solution is sufficiently great and 
that in alcoholic solutions of hydrogen chloride at N/100 to N/500, the absolute 
potential of the electrode appears about 8 to 6 millivolts too low.—A. LAPwoRTs. 
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CCXIV.—The Dissociation of Gaseous Nitrogen Trionde. 
By Bernarp Movart Jones. 


In 1907 Professor and Mrs. Baker showed (T., 91, 1862) that 
liquid nitrogen trioxide which had been carefully dried gave a 
vapour the density of which varied, according to the time of dry- 
ing of the apparatus and the liquid, from 381 to 62:2. The 
theoretical value for pure N,O, is 38, and for N,O, 76. The 
pressures under which the determinations were made were, with 
two exceptions, the atmospheric pressures, and the temperatures 
varied from 16° to 60°. It was concluded that gaseous nitrogen 
trioxide consisted of a mixture of N,O, and N.O, molecules, and 
that small traces of moisture promoted the dissociation of the 
higher polymeride into the simple N,O; molecules; it was evident 
also that the amount of dissociation depended partly, at least, on 
the amount of moisture present. This conclusion was supported 
by the facts that the boiling point of liquid nitrogen trioxide is 
raised from —2° to +43°, and the colour of the liquid changes 
from green to blue by prolonged drying over phosphoric oxide 
(Baker, T., 1912, 101, 2339). 

It is, however, a noteworthy fact that the vapour of nitrogen 
trioxide, even when very dry, is of a reddish-brown colour, in- 
distinguishable in appearance, indeed, from that of N,O, dis- 
sociating into NO,, and, on heating, the colour becomes darker in 
a way exactly similar to the behaviour of nitrogen peroxide. It 
appeared to the present author that this was a matter worth 
investigation, and that it was likely that Baker’s gaseous nitrogen 
trioxide was not just a mixture of N,O, and N,O;, but a mixture 
of N,O, (and possibly N,O,) with NO, and NO. 

The simplest supposition appeared to be that the gas was a 
dissociating mixture represented by the equations 

N,O, — N.OQ,+2NO ...... (i) 

N,0O, — 2NO, ae a a a ee 
and that the effect of prolonged drying was to diminish the dis- 
sociation of the N,O, molecules, the vapour density of the whole 
eventually approximating to that of pure N,O, (which would 
appear to be colourless, or nearly colourless, in the gaseous state). 

The object of the work now communicated was to test this 
supposition by determining the vapour densities of dried nitrogen 
trioxide at a series of temperatures, pressures, and volumes, which 
would provide the necessary data. It may be said here that the 
experimental results do not accord with this supposition, but they 
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indicate that a somewhat more complicated state of affairs really 
obtains, and they seem to be of sufficient interest to be worth 
recording. 

Ex PERIMENTAL. 


The apparatus employed is shown in Fig. 1. The specimen of 
nitrogen trioxide used, which had been prepared and dried for 
two years by Professor Baker, was contained in a thin glass bulb, 
A, which could be broken when required by raising with a magnet 
a glass rod to which was attached a sealed tube containing a piece 


Fic. 1. 


of soft iron, B, and allowing it to fall. The apparatus consisted 
of six bulbs, I—VI, varying in size from about 92 c.c. to 185 c.c., 
sealed to each other and to the rest of the apparatus by thick- 
walled, narrow-bore (2—3 mm.) tubes. The tube G contained 
charcoal, and could be sealed off at W; the bulb K could be 
immersed in liquid air when required. The pressure inside the 
apparatus was determined by means of the glass manometer C, of 
the kind described by Jackson (T., 1911, 99, 1066), to which was 
attached a glass pointer D, 33 cm. long, the motions of which 
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could be observed by means of a reading microscope with micro- 
meter eye-piece. The gauge was sensitive to rather less than 
0°5 mm. of mercury. The outer tube of the gauge was attached 
to the -rest of the apparatus by way of F and F, to a mercury 
manometer P, and to a Sprengel pump and water-pump by way 
of the taps Z and M. Communication with the atmosphere was 
obtainable through the taps R and S. The bulb Z contained 
phosphoric oxide, and there were constrictions in the tubing at 
F and H. 

The apparatus having been set up, the taps Z and M were 
opened, and the whole was exhausted by the Sprengel pump. At 
the same time it was thoroughly heated all over as strongly as 
was safe by a free flame. It was allowed to remain for several 
days, and the exhaustion and heating were repeated several times 
to get rid, as far as possible, of occluded gases. In the meantime, 
the zero position of the manometer pointer was determined. The 
apparatus was then sealed at F, thus separating the outer tube 
of the gauge from the main body of the apparatus, which was then 
allowed to remain in order to dry thoroughly. The preliminary 
stage of the drying was accomplished by immersing the charcoal 
bulb, G, in liquid air for three hours, during which time the whole 
apparatus was heated as strongly as was safe, and then sealing off 
the bulb at ¥. The whole was then allowed to remain for three 
months to complete the drying by means of the phosphoric oxide 
in the bulb #. After this time the apparatus was sealed at H, 
and the part HEF removed. The portion of the apparatus A was 
then surrounded by a freezing mixture of ice and calcium chloride, 
and the bulb of nitrogen trioxide broken by means of the glass 
rod. On removing the freezing mixture, the liquid slowly 
evaporated, completely filling the apparatus with a reddish-brown 
gas, and at the same time air was allowed to enter the outer tube of 
the gauge by way of S, R, M. L at a rate sufficient to keep the 
pressures on either side of C nearly the same. Throughout the 
whole series of experiments the difference of pressure on the two 
sides of the gauge was never allowed to exceed 100 mm., in order 
to prevent any possible variation in the zero point of the gauge. 
At the end the zero point was again determined, and found not 
to have varied appreciably. 

The main portion of the apparatus was then surrounded by a 
bath, indicated by the dotted line, which could be well stirred by 
bubbling air through it, the temperature of which was given by 
two thermometers graduated in fifths of a degree. For tempera- 
tures up to about 60° the bath contained water; for higher 
temperatures, up to about 138°, glycerol. The bath was of such 
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a size that its temperature could easily be kept constant to about 
01° for periods of about twenty minutes by merely regulating 
the size of the flames. 

The presence of the nitrogen trioxide vapour was then deter- 
mined at a series of temperatures from about 15° to 138° by 
introducing into or removing small quantities of air from the 
outer tube of the gauge until the pointer stood at the zero point. 
By arranging that the pressure in the short tube L// differed only 
slightly from the pressure between Z and the rest of the apparatus, 
it was possible to do this very readily and with considerable 
accuracy. At least three determinations were made at each 
temperature, and the values, as read on the manometer P, rarely 
varied by more than 0°5 mm. The height of the barometer and 
the temperature of the air were read at the same time. 

The first series of determinations having been made, the bath 
was emptied and removed, and the bulb X gradually immersed in 
liquid air, the outer tube of the gauge being at the same time 
exhausted by the water-pump to keep the pressure on both sides 
of the gauge nearly the same. The nitrogen trioxide condensed 
completely in the bulb XK, no trace of any coloured gas being left 
in the bulbs I—VI. Bulb I was then sealed off and put aside 
for later determination of its volume. The liquid air was then 
removed and a further series of pressure-temperature measurements 
made with the correspondingly diminished volume of apparatus. 
Bulbs II, III, IV, V, VI, were then sealed off in turn, and the 
corresponding series of measurements made. After bulb IV had 
been sealed off a small superficial crack developed in the solid 
sealed-off end of bulb V. It was therefore thought advisable to 
seal off bulb V at once, lest the crack should spread and cause 
a leak. This was done, and it was found that no appreciable leak 
had occurred, since on putting K in liquid air a perfect vacuum 
was produced in the apparatus: moreover, bulb V, after remaining 
for several weeks, was found also to contain a perfect vacuum. 
The accident, however, made it possible to get six series of measure- 
ments only instead of seven. The volumes of bulbs I—VI were 
then determined by weighing them vacuous, and then opening 
under boiled-out water and weighing them full of water. The 
volumes at 25° were found to be: 


Bulb I. 18475 cc. Bulb III. 92-17 ¢c. Bulb V. 168°53 e.e. 
Bulb II. 109°86 c.c. Bulb IV. 173°47¢.c. Bulb VI. 120°66 c.c. 


The volume of the residue of the apparatus was found by opening 
it at H and sealing on a short length of tubing provided with a 
tap and connected with the Sprengel pump. The volumes of the 
added portion of tubing from H to the tap, and of the portion of 
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H cut off, were determined directly by the volume of water 
required to fill them. The nitrogen trioxide was pumped out 
repeatedly from the apparatus and replaced by air dried by passing 
through a long tube of phosphoric oxide. The apparatus was 
placed in a bath of water at a known temperature, the tap opened 
to equalise the pressure inside with that of the atmosphere, the 
barometer read and the tap closed. After exhausting the tubing 
between the tap and the pump, the tap was opened, the air pumped 
out from the apparatus, and collected and measured over mercury 


Fie. 2. 
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in a calibrated vessel. This was done three times, the volumes 
obtained reduced to 25° being 201°79 c.c., 201°80 c.c., 202°00 c.c. 
(mean 201°86 c.c.), after allowing for the added and cut-off portions 
of the tubing. 

The broken portions of the glass bulb which had contained the 
nitrogen trioxide were then collected and weighed, and the differ- 
ence between this and the weight of the full bulb gave the weight 
of the nitrogen trioxide to be 0°3800 gram. 

The results of the pressure-temperature measurements at different 
volumes are given in Table I, and are plotted in Fig. 2. 
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TaBLeE I. 


I (all bulbs on). II (bulb I off). III (bulb II off). 


T (corr.). PF. T (corr.). F. 7’ (corr.). = 
14-85° 106-2 mm. 16-6° 122-9 mm. 16-2° 141-8 mm. 
25-2 115-8 25-6 134-2 25-6 153-5 
35-1 125-7 36-0 147-8 36-2 168-0 
45°15 136-3 45-4 159-2 46-2 184-1 
56-6 145-7 55-8 171-4 56-1 196-3 
77-8 159-5 78-95 192-6 78-15 218-2 
96-05 170-8 

100-95 172-1 101-05 207-7 101-6 236-5 

116-0 182-0 116-0 217-2 120-75 252-0 

137-7 191-4 138-6 229-8 136-35 261-7 


IV (bulb IIT off). V (bulbs IV and V off). VWI (all bulbs off). 


7’ (corr.). P. T (corr.). kof 7’ (corr.). ae 
15-2° 148-3 mm. 17-3° 307-2 mm. 17-8° 470-8 mm. 
20°3 155-1 22-6 318-2 27-0 506-9 
25-2 161-5 24-9 326-4 34-8 542-2 
35°3 177-6 34:7 355-8 35-8 547-4 
43-8 192-1 45-1 388-9 44-95 594-9 
55-3 209-7 54-45 418-4 56-1 646-1 
74-2 233-9 67-65 467-7 65-4 699-8 
97-3 258-1 81-5 504-2 75-4 748-6 

117-1 275-1 95-8 542-8 85-85 795-4 

136-5 290-8 104-92 556-2 90-9 818-3 

116-7 583-1 
125-9 598-0 
136-5 615-3 


The pressures at the temperatures 20°, 40°, 60°, 80°, 100°, 120°, 
140° have been read off from the smoothed curves, the vapour 
densities at these temperatures, pressures and volumes (allowance 
being made for the expansion of the glass) calculated (H =1), and 
the values given in Table II. 


TaBLeE II. 
20°. 40°. 60°. 


v. P. A. V. Fr: A. V. A A. 
(litres). (mm.).(H=1). (litres). (mm.).(H=1). (litres). (mm.). (H=1). 
1-05116 lll =. 29-55 1-05174 130 26-94 1-05234 147 25-33 
0-86644 128 31-09 0-86690 153. 27-77 =0-86737 176 25-67 
0:75659 146 31-21 0-75700 175 27-81 0-75740 200 25-87 
0-66442 155 33-48 0-66478 187 29-63 0-66514 219 26-90 
0-32250 311 33-52 0-32267 372 30-68 0-32284 439 27-65 
0-20183 476 35-07 0-20194 570 32-00 0-20205 673 28-82 


a . 
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TaBLE II. (continued). 
80°. 100°. 120°. 


_—— 


cr 


v. P. A: v. P. A. V. P. A. 
(litres). (mm.). (H=1). (litres). (mm.).(H=1). (litres). (mm.).H=(1). 
1-05290 161 24-50 1-05348 172 24-16 1-05406 182 24-09 
0-86784 194 24-67 0-86830 209 24-19 0-86877 220 24-14 
0-75781 220 8 24-91 0-75822 238 24-32 0-75863 252 24-19 
0-66550 241 25-90 0-66586 260 25:35 0-66622 278 24-97 
0-32301 502 25-61 0-32318 551 24-65 0-32335 588 24-32 
0-20216 768 26-75 0-20227 851 25:50 0-20238 924 24-73 


140°. 


| P. A. 
(litres). (mm.). (H=1). 
1:05456 192 24-00 
0-86924 232 24-09 
0-75904 265 24-10 
0-66658 294 24-80 
0-32352 620 24-23 
0-20249 988 24-29 


rs 


It is evident that the measurements made at the volume 
665 c.c. (about) are affected by some constant error, since the values 
for the vapour density are in all cases obviously somewhat too 
large. These have therefore been neglected in the discussion which 


follows. 
Discussion of Results. 


It is seen from Table II. that the density of the gas varies from 
35°07 at the lowest temperature and volume to 24°00 at the 
highest temperature and volume. These values are a good deal 
lower than those found by Baker, but the pressures at which the 
determinations are made are in practically all cases much lower 
than those used by him, and all his temperatures, with one excep- 
tion, were atmospheric. Further there is much greater difficulty 
in completely drying an apparatus of the size and shape of that 
used in the present determinations than in drying the much simpler 
apparatus used by Baker. 

For complete dissociation of N,O, (or N,O;) into 2NO, and 2NO, 
which as Baker showed, occurs if the gas is in the slightest degree 
“wet,” the vapour density would be 19: if it were all N,O, it 
would be 38, and if all N,O, 76. 

From Table II. it is seen that on increasing the temperature 
and volume the density decreases more and more slowly until it 
reaches the value 24°00, and it is evident that this value must 
represent very nearly the density of the completely dissociated gas. 
This assumption has been made in the calculations, and it is seen 
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that this density corresponds with something heavier than a simple 
mixture of NO, and NO molecules. The calculations are simplified 
by the fact that at 140° the dissociation of N,O, into NO, is com- 
plete. For lower temperatures the values of the dissociation 
constant for the action N,O, — 2NO,, as found by Natanson and 
others have been used (Abegg, “Handbuch der Anorganischen 
Chemie,” 8, III, 134). To explain the experimental results there 
are many possible assumptions. These may be represented by the 
following series of equations: 
(1) N,O, (dry, not dissociating). 
N,0O, (wet) = N,O,+2NO. 
N,O, = 2NO,. 
(2) N,Og (dry, not dissociating). 
N,O; (wet) — NO,+NO. 
2NO, — N,O,. 
(3) N,Og — 2N,0, (dry). 
NO+NO, (wet, not combining). 
2NO, — N,O,. 
(4) N,O, = N,O3;+NO,+NO (dry). 
N,O, = 2NO,. 
(5) N,Og 2N,03. 
N,O, 2NO,+2NO (the N,O, dissociating in two ways). 
(6) N,O, — N,O,+ NO,+ NO. 
N,O, = 2NO+2NO, (the N,O, dissociating in two ways). 
2NO, — N,O,. 
(7) N,O, (dry, not dissociating). 
NO+NO, (wet, not combining). 
2NO, — N,Q,. 
(8) N,O, (dry, not dissociating). 
NO+NO, (wet, not combining). 
2NO, = N,0,. 
(9) N,Og — 2N,0, (dry, not further dissociating). 
N,O;, — N,0O3;+NO,+ NO (dry, not further dissociating). 
N,O, (wet) — 2NO,+2NO. 
2NO, — N,0,. 

(10) N,O, = N,O,+NO,+NO (dry, not further dissociating) (a) 
NO,+NO (wet, not combining). ...... . (6) 
SMO, — NO, (wet) 2. ce tt tht th tt te & 

All these assumptions were tested and were found to give results 
incompatible with the experimental data, with the exception of 
No. 10. Here it is assumed that the dry nitrogen trioxide in the 
liquid state is mainly in the form of N,O, molecules, and that 
drying increases their amount. On vaporisation these dissociate 

VOL, CV. 7M 


2NO, = N,0,. 
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to give N,O3, NO,, and NO in equal volumes, the dissociation being 
very nearly complete at 140°, and on cooling the reverse change 
takes place. At the same time there are a certain number of 
molecules of NO, (or N,O,) and NO present, owing to incomplete 
drying, and these being “wet” do not react with each other to 
give nitrogen trioxide, nor take part in the action represented by 
equation (a) which is only concerned with dry molecules. The 
vapour density of a gas corresponding with complete dissociation 
according to equation (a) is 25°33: the observed density for com- 
plete dissociation is 24°00. From this can be readily calculated 
the amounts of “dry” N,O;, NO, and NO, and of ‘“‘ wet” NO, and 
NO present. From the known dissociation constants for different 
temperatures for the action N,O, =- 2NO,, the amounts of “wet” 
NO, and N,O, present at any temperature and volume can be 
readily calculated. The vapour density at this temperature and 
volume for the whole mixture of gases being known by experiment, 
the density corresponding with (a) can be found, and hence the 
amounts of “dry” N,O,, N,O;, NO, and NO. The dissociation 
constant for the action N,O, — N,O,+NO,+NO for the par- 
ticular temperature ¢ and volume V is then given by 
we Cy,o,V? : 

Cy,0;U'No,C No 

The value of K was determined in this way for a series of volumes 
and temperatures, and the following results obtained : 


Tasie III. 
20°. 40°. 60°. 
Cae, ——_* aan, 
Vz. EK. V. r # Vz. K. 
0-20183 118-0 0-20194 43-9 0-20205 13-6 
0-32250 183-9 0-32267 67-2 0-32284 15-8 
0-75659 464-7 0-75700 122-6 0-75740 40-9 
0-86644 587-9 0-86690 157-6 0-86730 49-4 
1-05116 487-7 1-05174 153:7 1-05234 50-6 
80°. : 100°. 120°. 
- —  — 7 —, 
V. K. vs K. V. x. 
0:20216 4-06 0:20227 2-18 0-20238 0-92 
0-32301 6-07 0-32318 1-92 0-32335 0-92 
0-75781 16-49 0-75822 6-61 0-75863 3-01 
0-86784 15-23 0-86830 3-93 0-86877 2-89 
1-05290 16-18 1-05348 4-90 1-05406 2-68 
140°, 
V. K. 
0-20249 0-34 
0-32352 0-66 
0-75904 0-92 
0-86924 0-91 


1-05456 
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The constancy here shown is evidently only very approximate 
except in the case of the three highest volumes, when it is quite 
fair, and, when the following points are noted, as good as can be 
expected. In the first place the value for the dissociation constant 


is, as Schreber has shown (Zeitsch. physikal. Chem., 


K'= Oxy, 
NO, 

1897, 24, 651), open to some doubt. In Natanson’s results, indeed, 
K’ in some cases varies as widely as X in the above table, and 

any error in the value of K’ would be reflected in that obtained 
for K. Secondly, a very small error in the observed density will 
have a proportionately much greater error on the value of X: for 
example, an error of 0°4 per cent. in the observed density may 
produce a change of 25 per cent. in the value of K. Thirdly, the 
value of K is seen to be proportional to the square of the volume; 
and the experimental method used involved an error in the deter- 
mination of the volume, namely, the unknown contraction in sealing 
off the bulbs. In order to facilitate drying it was not considered 
advisable to use capillary tubes by which an appreciable error from 
this cause would have been avoided: with tubes of 3 mm. in 
diameter the error, though not great, may be appreciable: and it 
would be multiplied six times by the time the last bulb was sealed 
off. In accordance with this it is found that the values for K at 
the lowest volumes are less than those at the higher volumes. 
Fourthly, the boiling point of the liquid nitrogen trioxide being 
between 3° and 43° (Baker) it is quite possible that Boyle’s Law 
is not obeyed by the vapour at the lower temperatures. If this 
be so the effect would be most marked at the lower volumes. There 
is, lastly, the possibility that, owing to the accident mentioned 
above, an infinitesimal amount of moist air may have leaked in 
through the crack before bulb V was sealed off, insufficient appreci- 
ably to affect the vacuum in the apparatus, but sufficient to cause 
complete dissociation of a portion of the trioxide to NO, and NO. 
Baker has shown that the amount of water vapour necessary to 
produce complete dissociation of a large amount of the trioxide 
is excessively small (T., 1907, 91, 1864). This seems, on the whole, 
the most likely explanation of the low value of K as calculated at 
the two lower volumes, and it was therefore considered advisable 
to neglect the determinations at these volumes. On the other 
hand, the constancy of K at the three highest volumes may be con- 
sidered as fairly satisfactory, and if the mean value of K for these 
volumes at different temperatures is taken and the vapour densities 
calculated, the agreement with the observed values is quite close, 
a3 1s shown by the following table. 


7M2 


T=20°. K=513°4. 


7T=80°. K=15°97. 
v. Acale. A obs. 


V. A cale. Aobs. 
1-05116 29-65 29-55 
0-86644 30-77 31-09 
0:'75659 31-52 31-21 
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Tasie IV. 


T=40°. K=144°6. 


V. A cale. sobs. 
1-05174 26-82 26-94 
0-86690 27-56 27-77 
0:75700 28-12 27-81 


T=100°. K=5'15. 


V. Acale. A obs. 


T=60°. K =46°97. 


cr 


¥. Acale. Aobs. 
1:05234 25-26 25-33 
0-86737 25:68 25-67 
0-75740 26-04 25-87 


7T'=120°. K=2°86. 


V. Acalc. A obs. 
1:05406 24-12 24-09 


K 


by the curve shown in Fig. 3. 


mainly of N,O, molecules. 


1-05290 24-50 24-50 1-05348 24-12 24-16 
0-86784 24-68 24-67 0-86830 24:23 24-19 0-86817 24-14 24-14 
0-75781 24-88 24-91 0-75822 24-32 24-32 0:75863 24:19 24-19 
7=140°. K=0°915. 
V. Acalc. A obs. 
1:05456 — 24-00 
0-86924 24-08 24-09 
0:75904 24-06 24-10 
Fic. 3. 
wt 7 4 
po a a a 4-——--4—-——- 4 
100° 
80° 
ef — —— — se eam 
i 
4a — ae 
i ee 
20° oe a ee Cee eo a 
i = 
Fo 7) 100 200° 4850 #4SD 350 400 450 600 


The relation between the value of X and the temperature is given 
At 0°, that is, somewhat below the 
boiling point, it is seen that the value for X is very high, indicating 
that the “dry” nitrogen trioxide under these conditions consists 
At about 145° K becomes vanishingly 
small, and the dissociation into N,O;+NO,+NO may be taken to 
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be practically complete. The value of the heat of the reaction, 
N,0O, — N,0,+ NO,+ NO, 
may be calculated by means of van’t Hoff’s equation, 


KK, _ Ql _ 4 
loge F - 3 (7 7.) 


and gives the following values: 


T. T,. Q=heat of formation of N,O,. 
20° 60° 11,308 cals. 
60 100 14,185 ,, 
100 140 13,308 ,, 
Mean ... 12,933 cals. 


It would appear, then, to be fairly well established that nitrogen 
trioxide at low temperatures consists mainly of N,O, molecules, 
together with some N,0O,, NO,, and NO molecules, according to 
the extent of the drying. The vapour contains a mixture of N,O,, 
N,O3, NO, and NO molecules reacting according to the equation 

N,O, — N,0O,+ NO,+NO, 
mixed with some “ wet” N,O,, NO,, and NO molecules. 

The extent to which the dissociation of the N,O, proceeds under 
different conditions of temperature and pressure, and the amounts 
of the “wet” gases present, are illustrated by the following figures, 
which give the calculated composition of the gas under different 
conditions. 


TABLE V. 
20°. 60°. 
EE gay em aaa, 
Volume ... 0:20183 1-05116 0-20205 1-05234 
Ee so scaccesccvess 0-18732 0-11240 0-10050 0-03159 
i liesatticsnls 0-06468 0-10214 0-10809 0-14255 
NO, “dry” ... 0-03915 0-06182 0-06543 0-08628 
NO - .-- 0°02553 0-04032 0:04266 0-05627 
NO, “wet” ... 0:03515 0-03755 0:03810 0-03832 
NO, is, «-» 0-00317 0-00077 0:00022 0-00000 
NO = «-- 0°02499 0-02499 0:02499 0-02499 
100°. 140°, 
(eee, (ee ean, 
Volume ... 020277 1-05348 0-20249 1-05456 
Be ititenisensnen 0:03544 0-00402 0:00720 0-00000 
Be eibipiniseeines 0-14062 0-15634 0-15474 0-15835 
NO, “dry” ... 0-08511 0-09463 0-:09366 0-09584 
NO “a eee 0°05551 0-06171 0:06108 0-06251 
NO, “wet” ... 0-03832 0-03832 0-03832 0-03832 
NO, ,, .-- 0:00000 0-00000 0-00000 0-00000 
NO 0:02499 0-02499 0:02499 0-02499 


The effect. of prolonged drying of the liquid appears to be to 
enable the NO, and NO molecules to combine to give N,O,, which 
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in the dry state dissociates to give N,O;, NO,, and NO in equal 
volumes, the N,O, not further dissociating. 

It further seems likely that the N,O, molecules in the liquid 
state are blue, and in the gaseous state both N,O, and N,O, are 
colourless, or nearly so. This is supported by the following 
observation. A specimen of the trioxide prepared by Professor 
Baker, and dried for four years, shows an almost pure blue colour 
at the ordinary temperature, and it may be taken that there are 
very few “wet” NO, or N,O, molecules remaining under these 
conditions. On gentle warming, however, the blue liquid changes 
to green, the colour becoming blue again on cooling. This is 
probably due to the yellow NO, molecules produced by the dis- 
sociation N,O, — N,O,+NO,+NO giving with the blue N,O, 
molecules a green mixture. Ordinary “wet” liquid nitrogen 
trioxide is green, owing to the mixture of blue N,O, with a rela- 
tively large amount of “wet” NO,. The blue specimen of very 
dry nitrogen trioxide still gives a brownish-red vapour, owing to 
the formation of NO, in the dissociation of the gaseous N,O,. At 
very low temperatures all specimens of nitrogen trioxide, very dry 
or slightly wet, become quite blue. This would be due to the fact 
that at these temperatures any “‘wet’’ NO, molecules would com- 
pletely associate to give colourless N,O, molecules, which would 
then no longer produce a green colour with the blue N,O,. 


The thanks of the author are due to Professor Baker for the 
specimen of nitrogen trioxide and for much valuable advice, and 
to Mr. H. F. V. Little for assistance in the calculations. 
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CCXV.—The Influence of Solvents on the Rotation of 
Optically Active Compounds. Part XX. Isomeric 
Solvents. 

By Tuomas Stewart PatrEerson and Ernest Frercuson Pottock. 

In previous parts of this investigation it has been shown to what 

a remarkable extent the rotation of active compounds, but par- 

ticularly that of ethyl tartrate, may be varied by subjecting these 


substances to the influence of different neutral solvents, and in a 
number of cases the results due to isomerism in the solvent have 
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been considered. Thus the effect of ortho-, meta-, and para- 
substitution is often very great, as, for instance, in the nitro- 
derivatives of benzene and toluene (T., 1908, 98, 1836), in the 
nitrophenols (T., 1910, 97, 2110), or the three toluidines (T., 1912, 
101, 241). It has also been shown that quite a marked difference 
in regard to solvent effect exists between the syn- and the anti- 
forms of various oximes, and upon this fact has been based a 
method for determining the rate of transformation of these 
isomerides, both in the homogeneous condition (T., 1907, 91, 504; 
Ber., 1907, 40, 2564; T., 1908, 98, 1041; Proc. Roy. Soc. Glasgow, 
1911, 42, 10, 26) and also in solution in various liquids, as well 
as one for determining the influence of various neutral solvents on 
the velocity of this reaction (T., 1912, 101, 26, 2100). Similarly, 
it has been shown that the change from the a-form to the 8-form - 
of ethyl formylphenylacetate (T., 1907, 91, 519), and of w-tsonitro- 
toluene into w-nitrotoluene (T., 1908, 93, 1048), and of ammonium 
cyanate into carbamide (ibid., p. 1050), could be followed in the 
same way. 

It is thus clear that comparatively subtle forms of isomerism 
may often be readily detected or indicated by the different solvent 
action of the two varieties, and it seems not improbable that a 
method such as this might on occasion prove useful in settling a 
doubtful constitution. Thus, for example, as will be shown pre- 
sently, since the esters of thiocyanic acid appear to produce in ethyl 
tartrate a higher rotation than do the corresponding esters of iso- 
thiocyanic acid, the solvent influence of two isomeric esters belong- 
ing to these classes might be sufficient to discriminate between 
them. 

We have therefore thought it desirable to investigate a little 
further this question of the relationship between solvent influence 
and isomerism, with the results given below. 

The active compound used at first was isobutyl malate, which, 
wherever possible, was made up to a concentration of about e=10 
with the isomeric solvents. The solution was then examined as 
regards its rotation at a few temperatures in the neighbourhood 
of 20°, and by interpolation the observed rotation at 20° was 
obtained. The density was determined directly at 20°, and the 


og rotation calculated. The results are given in the following 
table. 
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Influence of Solvents on the Rotation of isoButyl Malate. 
tsoButyl Malate, a?’ (100 mm.) —10°69°, [a]? —10°26°. 


Solvent p. a (100 mm.). a. [a]. 
Methyl thiocyanate mikomnsctan 9-451 —1-19° 1-0695 —11-75° 
Ethy.: thiocy ANAC 2... cccccceee 10-213 —1-20 1-0117 11-61 
Ethyl isothtooyanate overeccees 10-085 —1-24 1-0012 — 12-28 
isoButyl thiocyanate............ 10-6407 —1-06 0-9637 — 10-34 
isoButyl isothiocyanate ....... 10-657 — 1-06 0-9532 — 10-43 
Ethyl ethylacetoacetate ....... 10-212 —1-19 0-9833 —11-84 
Nitrobenzene ..........seeeeeeeee 8-516 —1-11 1-1855 — 10-99 
Tetrabromoethane ............. 3-5961 —0-23 2-7736 + 2-306 


From these numbers it will be noticed that the rotation in ethyl 
isothiocyanate is lower—that is, more negative—than in ethyl thio- 
cyanate, and that the same holds true, but to a very much less 
extent, for the isobutyl esters of these two acids. The value for 
the rotation in methyl thiocyanate is given in the table, but the 
corresponding value for the isothiocyanate could not be obtained 
at the same concentration, since the solvent crystallises out. It 
was intended to compare the rotations of tsobutyl malate in ethyl 
B-ethoxycrotonate with that in ethyl ethylacetoacetate, but the 
former solvent also crystallises out at the concentration and 
temperature of the experiments. 

It appears, however, from these results that the rotation of iso- 
butyl malate is, comparatively speaking, not very sensitive to 
solvent influence, and in order to ascertain what variation of rota- 
tion with change of solvent might be expected as a maximum, we 
examined this ester in nitrobenzene on the one hand, and in 
s-tetrabromoethane (acetylene tetrabromide) on the other. It will 
be seen from the table that whilst nitrobenzene has but little effect 
on the rotation of the ester, s-tetrabromoethane raises its value to 
+2°30°. Although this is a considerable change, it is only about 
one-third of that which is caused in the rotation of ethyl tartrate 
by the same change of solvent, namely, from + 31°55° in nitro- 
benzene (p=10) (T., 1908, 98, 7852) to —10° in s-tetrabromo- 
ethane (T., 1908, 93, 371). On account of this greater sensitive- 
ness of ethyl tartrate, we decided to use it in our subsequent 
experiments, the results of which are given in the following table: 


Influence of Solvents on the Rotation of Ethyl Tartrate. 
Ethyl Tartrate, af +9°142°, [a]? +7°58°. 


Solvent p. a (100 mm.). d. [a]?° 
Methyl thiocyanate ............ 60-625 +6-873° 1-1148 +9-87° 
ne isothiocyanate ......... 61-396 +5-585 1-1449 7-95! 
Ethyl thiocyanate ............. 9-981 +1-198 1-0255 11-71 j 
Ethyl isothiocyanate............ 10-166 +- 0-048 1-0147 0-37] 
& 


% 
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Influence of Solvents on the Rotation of Ethyl Tartrate 


(continued). 
ff 
Ethyl tartrate, af +9°142°, [a]? +7-58°. } 
; Solvent p. a (100 mm.). d. [a}?, ; 
i isoButyl thiocyanate ......... 10-586 -+0-628 0-9749 6-23 } 
1 isoButyl isothiocyanate ...... 10-670 —0-102 0-9662 —0-99 
y n-Butyl alcohol .........s:+00++6« 12-035 +0-955 08445 +9-18 
isoButyl alcohol* ............+.- 9-996 0-475 0-8307 5-72 
‘f sec.-Butyl alcohol..............+ 11-88 4+-0-57 0-8404 5:71 
q tert.-Butyl alcohol ...........++++ 12-127 0-35 0-8263 3-49 
; Ethyl ethylacetoacetate ...... 62-934 +4-695 1-1115 6-72 
F | Ethyl s-ethoxycrotonate ...... 62-958 -+3-405 1-1113 4-86 | 
Ethyl C-acetylacetoacetate ... 9-02 +1-001 1-1020 10-01 | 
jthyl O-acetylacetoacetate ... 9-375 -+1-411 1-0759 13-99 } 
WMI aneccccucnscntsicitisnntess 10-01 + 1-003 0-8226 12-18 
a... Sihcihihasanea sensi idliaaaaintiiet 25-055 -+2-600 0-8727 11-89 ! 
Diethyl ketone...........+.s.000+ 11-791 + 1-055 0-8497 10-53 
Methyl propyl ketone ......... 11-883 =4-1-093 0-8442 10-90 
Diethyl sulphite............... 9-381 +0-514 1-0933 7-94 | 
Ethyl ethylsulphonate ......... 8-659 + 0-430 1-1631 4:27 
Diethyl carbonate ............... 10-109 + 0-650 0-9949 6-46 
j Ethyl orthocarbonate ......... 10-803 + 0-403 0-9432 3°95 
F SIE Wik cusccstosisaoubnceonees 9-612 +3387  1-0598 33-24 
. SI siidsnciissievicdincedeniipaisenelnnait 9-635 + 4-305 1-0496 42-57 
EINES | aintiptnenssitincenennniess 9592 +-4-721 1-0500 46-87 | 
Methyl acetoacetate ............ 10-21 + 1-256 1-0882 11-30 
- rer or 25-227 » +2-949 1-1070 10-56 | 
am ) eoceiiieenie 50-461 +5-402 1-1388 9-40 | 
Ethyl acetoacetate ............. 10-471 +0-972 1-0450 8-88 | 
- ~ snanenin 25-0834 +2-158 1-0689 8-05 
* oe 50-1892 +4-335 1-1117 7-71 
Ethyl methylacetoacetate ... 10-2349 +0-884 1-0156 8-51 | 
Ethyl dimethylacetoacetate 10-2808 -+-0-923 1-0275 8-82 
9 a 25-167 2-121 1-:0536 8-00 
% % 50-312 3°781 1-1002 6-83 
Acetaldehyde ............scesee0e. 49-086 +8-45 1-0125 17-02 
; Paracetaldehyde ...........+66+ 49-99 + 2-154 1-0974 3°93 
EE EID - ecrttencdsnnstsitcoves 28-27 -+3-143 0-9305 11-95 
9 ce... Aweplnbenbesionedan 49-81 5-335 1-0010 10-70 
n-Propyl alcoholt .............+. 25 1-479 0-8790 6-73 
o-Cresol methyl ether .......... 10-06 + 0-880 0-9981 8-77 
m-Cresol methyl ether ......... 10-166 +0:495 0-9063 4-89 
a p-Cresol methyl ether ......... 10-042 +-0-70 0-9921 7-03 
* T., 1901, 79, 478. + T., 1901, 79, 209. 


The changes here are decidedly more marked. Ethyl thio- 
cyanate as a solvent raises the rotation of ethyl tartrate to some 
slight extent—by about 4°—whereas ethyl isothiocyanate depresses 
it by a little more than 7°, so that the difference in solvent 
influence of these two substances is quite considerable—more than 
11°. The isobutyl esters of these two acids produce analogous 
effects, but the difference is not quite so great as in the former 
case. The difference quoted in the table between the rotations of 
solutions of ethyl tartrate in methyl thiocyanate and methyl iso- 
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thiocyanate is still less, being just about 2°, but it must be noticed 
that the concentration at which these values were determined is 
much higher (in dilute solution the methyl thiocyanate separated 
out of the solution), and doubtless if values could have been 
obtained at lower concentrations the specific rotations would show 
a considerable difference, comparable with that found for the ethyl 
and isobutyl esters. 

An interesting case of different solvent action is presented by 
the four butyl alcohols. W-Butyl alcohol raises slightly the rota- 
tion of the dissolved ethyl tartrate; isobutyl alcohol depresses it by 
an almost equal amount; sec.-butyl alcohol has practically the same 
effect as isobutyl alcohol, whilst tert.-butyl alcohol reduces it still 
further. The considerable differences exhibited here seem to justify 
the idea that this method might in certain circumstances be used 
to discriminate between the various classes of alcohols. 

Since a considerable amount of attention has been devoted to 
the investigation of the influence of multiple bonds on the rota- 
tion of active compounds containing them, it seemed of interest 
also to ascertain whether any general effect is to be observed in 
the solvent action of unsaturated liquids. In an earlier paper (T., 
1907, 91, 1838) it has been shown that ethyl fumarate and ethyl 
maleate exercise a considerably greater solvent influence on the 
rotation of ethyl tartrate than does ethyl succinate, and, further, 
that ethyl fumarate has almost the same effect as ethyl maleate. 
We have therefore examined two pairs of isomerides of a somewhat 
similar type, namely, ethyl ethylacetoacetate and ethyl B-ethoxy- 
crotonate on the one hand, and ethyl C-acetylacetoacetate and 
ethyl O-acetylacetoacetate on the other. Of the former pair, it will 
be observed that the unsaturated compound depresses the rotation 
of the ethyl tartrate to a greater extent than dees ethyl ethylaceto- 
acetate, whereas of the latter pair, the unsaturated compound, the 
O-acetyl derivative, raises the rotation of the ethyl tartrate to a 
greater extent than does the isomeric liquid. It ought, however, 
to be noticed that the concentration for the former pair of solvents 
is much greater than for the latter. 

In this connexion, we have also examined allyl alcohol as a 
solvent for ethyl tartrate, and find that it produces a decided rise 
of the rotation, whereas the corresponding saturated alcohol brings 
about a slight diminution. 

Of the ketones examined, acetone produces the highest rotation, 
whilst the unsymmetrical compound, methyl propyl ketone, has a 
somewhat greater solvent influence than has the symmetrical 
diethyl ketone, but in the case of diethyl sulphite and ethyl ethyl- 
sulphonate the symmetrical compound has comparatively little 
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influence, whilst the unsymmetrical derivative depresses the rota- 
tion of the ethyl tartrate to a not inconsiderable extent. 

Although diethyl carbonate and ethyl orthocarbonate are not 
isomeric, it seemed of interest to compare their effects also, and it 
will be seen that whilst. diethyl carbonate has a slight depressing 
influence, ethyl orthocarbonate has a similar but greater effect. 

Of the three cresols, the pderivative has the most marked 
influence, but is followed somewhat closely by the m-isomeride, 
and at a longer interval by o-cresol. The behaviour of other di- 
substituted benzenes in this respect has been summarised in a 
previous paper (T., 1912, 101, 244). The various cresol ethers 
have, as in other somewhat similar cases (T., 1910, 97, 2118), very 
much smaller influences than the corresponding cresols; the change 
in solvent influence in passing from a cresol to the derived ether 
is not the same in all cases, however, but is greatest in the 
p-derivatives and least in the o-derivative. 

An interesting comparison is that between acetaldehyde and 
paracetaldehyde, the former raising the rotation of the dissolved 
ester very considerably, whilst the latter has the opposite effect. 

Methyl acetoacetate raises the rotation of ethyl tartrate more 
than does ethyl acetoacetate, whilst there is but little difference 
between the influences of ethyl acetoacetate and its methyl and 
dimethyl derivatives. 

Some of the solutions dealt with here were examined over a 
greater range of temperature than the others, and as the data may 
be of value in connexion with the effect of temperature on rota- 
tion, they are given in the table below. They show no charac- 
teristics sufficiently striking to call for special remark. 


Solvent: Acetone. 


The acetone was Kahlbaum’s No. II. It was treated with de- 
hydrated potassium carbonate, and distilled through a Hempel 
tube. The middle fraction, b. p. 56°3°, was used. 


p=10°01. 
i - sesbasbaieeaiiaabeods 13° 17° 36-72 46° 
acacia aids 0-8302 08260 0-8043 0-7944 
at (249-6 mm.)...... 2-42  2448° 2-682 2-763 
| ere es 11-67 11-86° 13:35 13-92 

p=25°055 
Oe ee 115° 16-22 25-5? 32° 36° 
prea eisai 0-8820 08769 0-8665 08593 0-8550 


a‘ (249-6 mm.) ... 621° 6368 6-682 6-855 6-968 
BEE wicncnsasiioninninn 11-25° 11-61 12:33 12:76 13-03 


D 


a’ §=(170mm.) ... 4-93° 5-13° 5-46° 


GR, kccsacessernsssess 10-35° 10-84° —11-67° 
p=50°4615. 
ik Scnaniobcieaienates 156° 21-7° = 37-4° 
CRITTERS 1143) «1-137: 1-121 
at, (70 mm.) ...... 365° = 3-82°—s 4-30° 
GEE cccccccscescsssnes 9-042 951° 10-86° 


p=10°2349. 
© ecdiideiemontipincenn 13° 23° 30° 
hc atinatensonsstivvenes 1-0225 11-0125 1-0055 
a’ (400 mm.) ...... 325° 365° 3-90° 
TL ecrnsvbuibinntnnne 717° 881° 948° 


eee eeeeeeeseereeeee 


eeeeee 


p=10'2123. 
© siicematinnicetees 153° 22° 35-19 
e aiecmeatihaenrcien 1-092 1-086 1-072 
at (170mm) ... 207 218 226 
SE -cilesactabiveeiies 10-92 11-57 12-15 

= 25°2268. 
oF  aaetosiappiieinielens 169° 23-5° 351° 
- eae 11103 11030 1-0910 


43-2° 
1-064 
2-34 

12-67 


44-2° 
1-081 
565° 

12-18° 


47-0° 
1-111 
4-55° 

11-59° 


41° 
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Solvent: Methyl acetoacetate (D? 1°0757). 


54° 
1-052 

2-40 

13-15 


57-3° 
0 1-0670 
5-87° 


12-82° 


56-2° 
1-102 
4-71° 

12-1° 


p=10°4715. 
B. censsnadtoneves 14° 18° 46° 61° 57-5° 63° 71-5° 
iD scanned ani 1-:0510 1-0470 1-0185 1:0132 1-:0065 1-0010 0-9925 
a’, (400 mm.) 3°53 3-80 4:92 4-95 5-23 5-30 5-46 
[a]é ebsasistonins 8-02 8-66 11-48 11-66 12-40 12-64 13-13 
p=25'0834 
iD -pidsmisaeescacasdeess 14° 20-4° 30° 40-5° 50-5° 
i ddidisscestiuciaasdes 1-075 1-068 1-058 1-048 1-038 
af (170 mm.) sii 3-42° 3-69° 4-09° 4-47° 4-77° 
[a]é ebneisiennbabeaieins Pe 7-46° 8-10° 9:06° 10-01° 10:78° 
p=50°1892 
IP  sibadaiannsasaeniiae 15-2° 20-4° 30:7° 43-1° 54-2° 
OD -datusddiecdsaccnsoces 1-117 1-111 1-101 1-088 1-077 
at (70 mm.) ...... 2-78 3-03 3°42 3°84 4-13 
Se fiishaninceinienes 709 «= «7-76 is 8410-05 —Ss«10-92 


Solvent: Ethyl methylacetoacetate (Dj 0°9974). 


0-9943 


4-28° 
10-51° 


Solvent: Ethyl dimethylacetoacetate (D7? 1°0101). 


a ea 


tees, 


eee 
See eee Lee 


con 
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Solvent: Paracetaldehyde. 


21-9° 
1-0518 
1-52° 
8-23° 


20-1° 


33-1° 


1-082 
2-344° 
6-19° 


38-4° 
1-035 
1-78° 
9-78° 


32-2° 
1-088 
3°33° 
8-69° 


42-9° 
1-070 
2-77° 
7-40° 


Solvent: Allyl alcohol. 


p=25'1675 
© dtmintnanapeenenonens 13-2° 
OD scipirindanditiestencntes 1-0602 
at (70 mm.) ...... 1-33° 
Ee 714° 
p=50°3124. 
©: .nxdasarscciasamezenes 12-6° 
D cissenttmninencicctnnns 1-107 
a’ (70 mM.).....006 2-55° 
[a]. rrersseccrsceneeee 654° 
p=49'99. 
©. -cuboesscactanaessotec 20° 
OD. snnncarccentciastenes 1-0975 
at (70 mm.) .... 1-508° 
[a], c.csrccsccsereees - 393° 
p= 28°27. 
i siiiitcliinitcnianiianwiia 8-6° 
© cntiseantinginnnes 0-941 
a’ (100 mm.) ...... 2-97° 
SU icideciadestaideiln 11-17° 
p=49'81 
© scmnamnpevenennaiinnin 11-5° 
©. wienstnsinmsenininin 1-009 
a’ (100 mm.) ...... 5-04° 
“Beet 10-03° 


In conclusion, we have to acknowledge our indebtedness to Mr. 
D. P. McDonald, who made a number of the observations recorded 
here, and to the Council of the Chemical Society for a grant from 
the Research Fund which defrayed most of the cost of this 


investigation. 


23-2° 
0-9275 
3-18° 

12-13° 


21-3° 


1-000 
5-38° 
10-80° 


Orcanic CHEMISTRY DEPARTMENT, 


UNIVERSITY OF GLASGOW. 


353° 


0-9165 
3-40° 
13-16° 


34-2° 
0-988 
584° 

11-86° 


PART XX. 
48-8° 57-1° 
1-024 1-016 
1-91° 2-01° 
10-61° =11-26° 
40-8° 51-0° 
1-079 1-069 
3-60° 394° 
9-47° 10-46° 
57° 67-5° 
1-053 1-041 
3°354° = 363° 
9-05° 9-95° 
46-2° 55-5° 
0:9065 00-8975 
351° 3°61° 
13:70° 14-23° 
43-6° 53-0° 
0-9795 0-971 
6-11° 6-35° 
12-52° = 13-13° 
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COXVI.—Studies in Catalysis. Part I. Hydrolysis of 


Methyl Acetate, with a Theory of Homogeneous 
Catalysis. 


By Aurrep Lampe and Witiiam CupMore McCuttacH Lewis. 


Ir is well known that temperature has a marked influence on 
reaction-velocity, the general value of the temperature-coefficient 
being 2°5 for a rise in temperature of 10° when the reaction is 
proceeding at room temperature. This increase of velocity with 
temperature cannot, of course, be explained from the mere increase 
in kinetic movement, for this should only mean an increase of 
2 per cent. in the velocity of the reaction for the same change of 
temperature. It is clear that the temperature effect must be due 
to some influence on, or connected with, the internal structure of 
the molecules taking part in the reaction. Now, the phenomenon 
of catalysis in homogeneous solution has made us familiar with 
the acceleration of reactions at constant temperature, and this, 
therefore, must be due to some internal effect on, or connected 
with, the structure of the molecules. It seems, therefore, not un- 
reasonable to expect that the two effects are intimately connected, 
and possibly identical in nature. This was the initial assumption 
in this work. Now, as was first suggested by Arrhenius (Zettsch. 
phystkal. Chem., 1889, 4, 226), the effect of temperature has been 
ascribed to the existence of an equilibrium between so-called 
“active” and “inactive” molecules, such equilibrium being sensi- 
tive to temperature-change ; and hence an increase in temperature, 
by bringing into existence more “active” molecules, causes a 
reaction-velocity very much in excess of what one would expect 
on a merely kinetic view. Arrhenius has even deduced an 
diogk _ A 
a Ff 
terms of a quantity A, which on this view is taken to be half the 
energy-change involved in the transformation of 1 mol. of 
“inactive” to “active.” If such “active” and “inactive” mole- 
cules exist, it appears réasonable to expect that a catalyst, such 
as hydrogen or hydroxyl ions, simply acts in shifting this 
equilibrium. (It is not necessary to go into any possible 
mechanism of such a process, such as intermediate compound or 
complex: ion-formation.) If the above conclusion, that the catalyst 
shifts over the equilibrium, is true, it can be tested at once by 
determinations of the reaction-velocities at different temperatures 
with different amounts of catalyst. For, evidently, if the addition 


expression, showing the effect of temperature in 
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of the catalyst shifts this equilibrium between the “active” and 
“inactive” form, it is conceivable that sufficient catalyst could be 
added to change a rélatively large amount of “inactive” to 
“active” molecules. It would follow, then, on determining the 
temperature-coefficient, that when the catalyst is present in large 
quantities, such a temperature-coefficient should be smaller than 
that observed when the reaction is not catalysed, or only feebly 
so. For, when much catalyst is present, the transformation from 
“inactive” to “ active” would have already taken place (on the 
above assumption regarding the identity in nature of the 
temperature-effect and the catalytic effect), and therefore tempera- 
ture should have less additional accelerating effect. 

In spite of the fact that numerous catalytic reactions have been 
investigated, an examination of the literature has shown that in 
no case have catalyst and temperature been simultaneously varied. 
The experiments detailed in the following section were therefore 
carried out for the purpose indicated above. 


ExPERIMENTAL. 


The reaction studied was the hydrolysis of methyl acetate by 
hydrochloric acid of various concentrations. Five c.c. of the ester 
were added to 100 c.c. of the acid, and the reaction proceeded in 
flasks fitted with air-tight stoppers. The temperature was main- 
tained at 2570°05°. From time to time, 2 c.c. of the reaction 
mixture were withdrawn, and run into about 50 c.c. of conductivity 
water to stop the reaction, the time of withdrawal from the flask 
being noted to the nearest second by means of a stop-watch. The 
solution withdrawn was then titrated with WV/20-baryta. The 


velocity-constants were calculated to the base “e” from the 
formula b= 2S log“. Two experiments were performed in 
“-« 


each case, and the mean value of & obtained from the two. In 
the following table, ¢ is the time from the start in minutes, z is 
the number of c.c. of baryta required to neutralise the amount of 
reaction-mixture withdrawn, and & is the velocity-constant, calcu- 
lated to the base “e.” 
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TaBe I. 
Hydrolysis of Methyl Acetate with 0°1005N-Hydrochloric 
Acid at 25°. 

(Bracketed values of & omitted from calculation of mean value 
of k.) 


a. | b. 
t. Xe kx 10°. é ae kx 10°. 
0 10-18 — 0 10-33 — 
11-5 10-54 [0-600] 10-5 10-68 [0-613] 
23-22 11-00 0-663 23-75 11-05 [0-571] 
43-4) 11-65 0-641 43-20 11-85 0-660 
85-80 13-10 0-658 83-61 13-20 0-637 
99-91 13-59 0-660 99-61 13-80 0-665 
127-83 14-39 0-644 127-70 14-60 0-641 
145-15 15-05 0-661 144-3 15-22 0-655 
160-20 15-48 0-655 160-0 15-80 0-644 
196-33 16-55 0-649 196-6 16-75 0-641 
re 63-38 0-654 a 64-54 0-652 


Mean value of & for both experiments=0°653 x 10-%. 

The above table will serve as an illustration of the general 
character of the figures obtained in these experiments. The 
following table contains the mean values of two experiments, and 
their mean, obtained by the hydrolysis of methyl acetate with 
various strengths of hydrochloric acid at 25°. 


TaB.eE II. 
kx 10°. 

Hydrochloric acid. (1). (2). Mean. 
0:5024N 3°521 3-500 3°510 
0-8275N 5-967 6-036 6-001 
1-80N 15-92 16-26 16-09 
2-429N 19-73 21°84 20-78 


It will be observed that the above experiments have been 
carried into a region of catalyst concentration much greater than 
that usually employed. It was hoped that this relatively high 
concentration of catalyst would shift over, to a measurable extent, 
the equilibrium between the “active” and “inactive” molecules 
of methyl acetate if such exist. Before proceeding to determine 
the corresponding reaction-velocities at 35°, it was necessary to 
obtain data by which the same hydrogen-ion concentration could 
be maintained at 35° as existed at 25°. It has been suggested 
by Goldschmidt (Zettsch. physikal. Chem., 1910, 70, 627; 1912, 
81, 30), Snethlage (Zeitsch. Llektrochem., 1912, 18, 539; Zeitsch. 
physikal. Chem., 1913, 85, 211), and Acree (Amer. Chem. J., 1912, 
48, 352) that, in addition to the hydrogen ion, the undissociated 
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molecule of the acid has a catalytic effect, but so long as the same 
hydrogen-ion concentration persists at 35° as at 25° in the corre- 
sponding experiment, the concentration of the catalyst remains the 
same, whether the catalyst be the hydrogen ions, the undissociated 
acid molecule, or both. Accordingly, a series of conductivity 
measurements for the acid used was performed, together with the 
necessary viscosity measurements, the details of which are given 
below. <A special conductivity cell of high resistance was used, as 
the concentration of the acid was so great that the conductivity 
was very high. The cell consisted of a horizontal glass tube about 
30 cm. long and 2 sq. cm. in cross-section, and the electrodes were 
sealed in at the ends. The cell was filled and emptied by means 
of two side-tubes, and was found to give very satisfactory readings. 
The results are given in the following tables. 


TaB.e ITT. 
Conductivity of Hydrochloric Acid in Aqueous Solution. 


Specific conductivity at Equiv. conductivity at 

Acid - ‘ ™ r ——— 

normality. 25°. 35°. 25°. 35°. 
0-5024 0-1804 0-2051 359-7 409-1 
0-8275 0-2827 0-3196 341-6 386-2 
1-280 0-4045 0-4543 316-0 355-0 
1-800 0-5225 0-5909 290-2 328-3 
2-429 0-6322 0-7104 260-2 292-5 


The viscosities of the solutions of hydrochloric acid used were 
determined relative to water at 25° by means of a Scarpa visco- 
meter (Gazzetta, 1910, 40, ii, 261). The values obtained are 
given below in table IV. 


TABLE LV. 


Relative Viscosities (to Water at 25°) of Aqueous Hydrochloric 
Acid Solutions. 


Relative viscosity at 


Acid normality. 25°. 35°. 
0-5024 1-06 1-052 
0-8275 1-059 1-087 
1-280 1-062 1-082 
1-800 1-152 1-115 
2-429 1-154 1-107 


Previous investigation has shown that the mobility of the ions 
can be corrected for viscosity by simply multiplying by the inverse 
ratio of the viscosity relative to that of water, when the viscosity 
is in no case very different from that of water. The corrected con- 
ductivities obtained in this way are given in table V. 

VOL. CV. 7N 
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TABLE V. 


Conductivity of Hydrogen Chloride in Aqueous Solution, Corrected 
for the Viscosity of the Solution. 


Specific conductivity at Equiv. conductivity at 


25°. 35°. 25°. 35°. 
0-1912 0-2158 380-6 429-5 
0-2993 0-3474 361-6 419-8 
0-4295 0-4916 335-6 384-0 
0-6040 0-6589 335-5 366-0 
0-7295 0-7861 300-3 323-7 


The values of the equivalent conductivity at infinite dilution 
were calculated from the formula c;=c,{1 + k(¢—18)+/(t—18)?} 
(Kohlrausch and Holborn, “Leitv. der Elektrolyte,” p. 199), 
Hence A, at 25° is 424°6, and A, at 35° is 490°3. 

From this a, the degree of dissociation, was calculated, and the 
values obtained are given in table VI. 


TaBLE VI. 


_ Degree of Dissociation, a, and Hydrogen-ion Concentration, |H'|, 


in Equivalents per Litre at 25° and 35°, of Hydrogen Chloride 
in Aqueous Solution. 
Acid normality. a at 25°. a at 35°. [H’] at 25°. [H’] at 35°. 
0-5024 0-8964 0:8760 0-4503 0-4400 
0-8275 0-8515 0-8561 0-7047 0-7086 
1-280 0-7903 0-7830 1-0120 1-002 
1-800 0-7900 0-7464 1-4220 1-344 
2-429 0-7071 0-6601 1-7180 1-603 
The values of the hydrogen-ion concentration obtained in 
table VI were plotted against the normality of acid at the two 
temperatures 25° and 35°. From the graph it was then deter- 
mined what concentrations of acid at 35° gave the same hydrogen- 
ion concentrations as those already employed at 25°. The results 
obtained are shown in table VII. It will be seen that up to 
the concentration 1°28NV the values of the acid normality are prac- 
tically coincident, and only diverge beyond this concentration. 


Taste VII. 
Acids of Equivalent Hydrogen-ton Concentration at 25° and 35°. 


Acid normality. Acid normality. | Hydrogen-ion 
at 25°. concentration. 
0-5024 50: 0-4503.N 
0-8275 “827! 0-7047 
1-280 “s 1-0120 
1-800 935 1-422 
2-429 2: 1-718 
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In the case of 0°1005N-hydrochloric acid, it can be assumed 
that, like W/2- and N-hydrochloric acid, the degree of dissocia- 
tion is practically the same at 25° and 35°. 

The velocity-constants with the acid strengths given in column 2 
were then determined at 35°, and the results obtained are given 


below. 


TaBLeE VIII. 


Hydrochloric acid. » 2). Mean 
0-1005N 6 6 1-663 
0-5024 , 89: 8-836 
0-8275 , 5-1é 15-26 
1-935 37-60 38: 37-84 
2-92 34°12 j2-8e 63-47 


In table IX is given a list of temperature-coefficients, these 


coefficients being the ratio of the velocity-constant at 35° to the 
corresponding constant at 25°. 


TaBLE 1X. 


Table of Temperature-coefficients. 
Mean value of Mean value of 
Acid normality. 25° Rue } ae | 
0-1005 0-653 x 10-2 1-663 x 10-3 2-547 
0-5024 3-510 x 10-4 8-636 x 10-3 2-520 
0-8275 6-001 x 10-3 15-26 x 10-3 2-542 
1-800 16:09 x 10-4 37°84 «107% , 2-353 
2-429 20:78 x10-3 63-47 x10-% 3-054 


Discussion of Results. 


The result of these experiments, in which the catalyst has been 
varied over a very considerable range of concentration, shows con- 
clusively that there is no tendency at all for the temperature- 
coefficient of a strongly catalysed reaction to be less than that of 
a weakly catalysed reaction. This is sufficiently contrary to what 
would have been expected on the conception of “active” and 
“inactive” molecules that one is justified in seeking for some 
other explanation that will apply equally to temperature effect 
and to the effect of the catalyst. This conclusion regarding the 
non-existence of active and inactive molecules (in the Arrhenius 
sense) is supported, to a certain extent, by the work of Taylor 
(Medd. K. Vetenskapsakad. Nobelinst., 1913, 2, No. 34), who 
points out that the influence of neutral salts on the hydrolysis of 
esters is independent of the ester being hydrolysed. Owing to 
the generality and comparability of catalysis in homogeneous solu- 
tions, as, for example, the approximate proportionality between 
the velocity of the reaction and the concentration of the catalyst 


7N2 
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on the one hand, and the generality of the temperature-coefficient, 
which is of the same order for a whole series of widely varying 
reactions, on the other hand, one is tempted to seek for some 
physical basis which would apply equally to both. In the first 
place, Marcelin recently (Compt. rend., 1914, 158, 161) has 
deduced on a thermodynamic basis, with the addition of some con- 
siderations based upon the theory of probability, an equation 
identical in form with that found empirically by Arrhenius for 
the effect of temperature on the velocity-constant. Marcelin, how- 
ever, treats the effect of temperature as a purely physical one 
dependent on the increase in internal energy of the reacting mole- 
d log k E 
= Ey 
defined as the “critical” energy, that is, the energy absorbed by 
the molecule, in excess of the average energy possessed by all 
molecules, before it becomes reactive. We suggest as more suit- 
able that Marcelin’s “critical energy” be defined as critical incre- 
ment, since # denotes the extra amount of energy which has to be 
added above the average value (wv). The term “critical energy” 
could then be used to denote the total amount of energy which 
the molecule must possess in order to make it react. A convenient 
symbol for this quantity would be F#,, that is, #,=H+u. 
Marcelin’s investigation shows that the temperature-effect can be 
accounted for on a purely physical basis; in other words, it does 
not require the assumption of “active” and “inactive” chemical 
isomerides. Since, therefore, on Marcelin’s view, there are no 
“inactive” and “active” molecules, in the chemical sense, in 
mass-action equilibrium, one would not expect the presence of a 
catalyst to diminish the temperature-coefficient, which is thus in 
agreement with the experimental results outlined above. 

Having seen how the effect of temperature can be accounted for 
on a purely physical basis, it is natural to apply this to the effect 
of the catalyst. This is all the more necessary, because of the 
many conflicting views that have been put forward from time to 
time in endeavouring to obtain a purely “chemical” explanation 
for catalysis. Accordingly, it is suggested that catalysis is 
essentially a “radiation” phenomenon, and this is the more likely 
in view of the recent chemical significance of radiation, as ex- 
pressed, in general, in the quantum theory, and more particu- 
larly for the present purpose in Einstein’s photochemical law 
(Ann. Physik, 1912, {iv], 37, 832) and in the work of Kruger 
(Zeitsch, Elektrochem., 1911, 17, 453). According to Einstein, a 
photochemical reaction (that is, one due to radiant energy), takes 
place by the absorption of quanta, one molecule being decomposed 


cules. He deduces the equation where JF is 
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by one quantum (=hv, where h=Planck’s constant and v=the 
vibration frequency of the energy being absorbed or emitted), a 
law which is approximately supported by experiment. Thus 
Bodenstein (Zeitsch. physikal. Chem., 1913, 85, 329) has shown that 
the limits, in general, are from one to four quanta. Now Trautz 
(Zeitsch. wiss. Photochem., 1906, 4, 160) has pointed out that even 
“ordinary” or thermal reactions may be regarded as ultimately 
photochemical, with the distinction, of course, that such 
“ordinary” reactions are due to infra-red radiation. Kruger 
(loc. cit.) has also shown how chemical phenomena, such as the 
processes of solution, solubility, solution pressure, and electrolytic 
dissociation, may be explained on the basis of radiation, these 
being linked up, in turn, with the dielectric constant of the solvent. 
OME mw a til 
dt RIT? 
clear that the presence or absence of a catalyst should not 
affect the value of 7, and, in agreement with this, we have found 
that the temperature-coefficient of a reaction is independent of the 
quantity of catalyst present. In the case of the hydrolysis of 
methyl acetate (as for various other reactions), the temperature- 
coefficient for a rise of 10° about room temperature is 2°5, There- 
fore, since 


Returning now to Marcélin’s expression, 


dlogk 
dt RT 


it follows that 


log “35 - isis - om) 
ky, R\298 308 
whence / is equal to 16,800 calories per gram-mol. 

Now, since there are 6°85 x10” molecules per gram-mol., the 
actual mean energy added to a single molecule, that is, the critical 
increment per molecule, to give it the critical energy, F,, is 
a ae that is, 1:03 x10-” ergs. Now can this energy 
be obtained from infra-red radiation? Let us assume, for 
simplicity, that methyl acetate absorbs monochromatic infra-red 
radiation, and that the increase in energy is effected by means of 
one or more quanta of such radiation. If v is the frequency, ¢ 
the velocity of light, and A the wave-length of the light, then, 
since A for methyl acetate may be taken to have a mean value 
75 pw (see Coblentz, Pub. Carnegie Inst. Wash., 1905, 35), on apply- 
ing Einstein’s theory, strictly, that one quantum (=hv) is neces- 
sary to make a molecule “ photochemically” react, hv should be 


6:55 x 10-27 x 3 x 101° , . 
75x im , that is, 0°262x10-% ergs. It will be seen, 
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therefore, that the critical increment, #, per molecule is of the 
order of four quanta of the size mentioned. 

We may also calculate inversely what frequency, v, will be neces- 
sary in order that one quantum may have the same value as £. 
In other words, equating hv to 1°03 x 10-” ergs, it is found that 
v=1'57x10"%. This corresponds with a wave-length of 1°9x 10-4 
em. (=1'9,). Since this lies in the region of absorption of 
methyl acetate, absorbable infra-red radiation will therefore be 
sufficient to account fully for the magnitude, 2. Hence it follows 
that, so far as the temperature-coefficient of reaction-velocity is 
concerned, the mechanism whereby the increase in internal energy 
is attained can be accounted for by radiation. 

Now, assuming that catalysis is likewise due to the absorption 
of radiation, one must note, in the first place, that radiation can 
only be emitted by a charged particle vibrating. The simplest 
view regarding the mechanism is to consider it as due to the 
hydrogen ion as a whole, leaving out for the present the question 
of disturbances of the electronic orbits inside the ion itself. It 
is suggested that the ion is vibrating between neighbouring mole- 
cules (mainly solvent molecules), and that the radiation-emission 
is due to such vibrations, analogous to its production by vibration 
of charged atoms in a solid, such as a metal. The reasons for 
regarding the type of motion of a dissolved ion as being vibra- 
tional, rather than translational, are as follows. Nernst and 
Lindemann (Zettsch. Elektrochem., 1911, 17, 817) have shown 
that the phenomenon of fusion of a solid can be regarded as due 
to the vibrating atoms of the solid having just attained an ampli- 
tude comparable with the distance apart of the atoms. The fusion 
or liquid may therefore at the melting point be still considered 
as possessing vibrating atoms (molecules or ions), and since 
moderate changes in temperature have relatively little effect on 
the molecular spacing of liquids, it seems a justifiable extension of 
Lindemann’s view.to apply it to a liquid, at least over a tempera- 
ture range not too far removed from the melting point. The 
second argument in favour of this is the extremely small diffusion- 
coefficient possessed by a substance dissolved in a liquid, compared 
with the diffusion of a gas at the same temperature, although, of 
course, the kinetic energy (not necessarily of translation, but 
possibly of vibration, neglecting rotation) is the same for the two. 
The dissolved ions must be in rapid movement, but they pass and 
repass over a centre of gravity, the position of which only changes 
very slowly with time, and an enormous number of to and fro 
movements occurs in a second. To-and-fro movement over a fixed, 
or relatively fixed, point or plane constitutes vibration, the ampli- 
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tude of vibration in the case considered being the mean distance 
between two molecules of the solvent. The ion is repelled on 
colliding * at each end of its swing. This supplies the potential 
energy (which must be present, as well as kinetic in a true vibra- 
tion), which is usually ascribed to an attraction exerted on the 
vibrating body from its centre of gravity. In other words, attrac- 
tion exerted by the point of rest can be exactly reproduced by 
equal and opposite repulsions from limiting positions of swing. 
The molecules of the solvent are, of course, undergoing the same 
type of motion. If the actual motion of the hydrogen ion is of 
the type described, it will be capable of absorbing and emitting 
radiation. It must be remembered that, on emitting radiation (in 
a “bundle” of one or more quanta), the ion momentarily loses 
its energy, but immediately proceeds to absorb energy from the 
surrounding reservoir, so that at any particular interval of time 
all the hydrogen ions will not possess the same energy. Their 
energy can be represented by a mean value—some ions will possess 
more than this quantity, some less. 

We shall now proceed to calculate the order of magnitude of 
the radiation emitted. The gram-molecular volume of water at 
0° is 18 c.c. practically. The domain allotted to a single molecule 

18 
7 x 10% 
the radius of each domain is 1°84x10-8 cm., and the centres of 
two adjacent water molecules are separated, on the average, by a 
distance 3°68 x 10-8 cm. The limiting volume (that is, the volume 
at absolute zero) for one gram-molecule of water is approximately 
17 c.c. Hence the actual radius of a single molecule is approxi- 
mately 1°8x10-8 cm. Thus the actual radius of a molecule is of 
the same order of magnitude as the distance apart of two adjacent 
molecules. For water—and indeed for most liquids at the ordinary 
temperature—the range of swing or free path is thus an exceed- 
ingly small quantity, namely, of the order 10-8 to 10-® cm. The 
same order naturally holds for the distance of a completed swing. 
Now the mean velocity of a hydrogen ion at 25° in temperature- 
equilibrium is easily obtained, knowing its kinetic energy at this 
temperature. This mean velocity (more accurately the root mean 
square velocity) is 2°73x105 cm. per second, in round numbers. 
Hence the time required for a complete swing of a hydrogen ion 
over a distance comparable with the distance apart of the solvent 

10-8 10-9 wk 
2°7 x 108 884 9-7 x 108" me 

* Nothing is really known of the ultimate nature of a collision. Possibly it is 
electromagnetic repulsion. 


is therefore = 2°6x10-23 cc. in round numbers. Hence 


molecules lies between the limits 
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3°7x10-™ to 3°7x10-% seconds. This is the periodic time, 
and the reciprocal is the frequency v, or the number of 
vibrations per second. The frequency, therefore, lies between 
2°7x 103 and 2°7x10%4. This is the frequency of the radiation 
emitted, if any be emitted at all. The wavelengths correspond- 
ing with these values are ll» to l'lp, that is, wavelengths in 
the “moderate” infra-red region, this region being at the same 
time that over which methyl acetate has marked absorption. The 
infra-red absorption of methyl acetate, so far as the measurements 
of Coblentz (Joc. cit.) have gone, extends from 16 to 14p. The 
maximum absorption occurs between the limits 5°8py and 11h, 
this absorption being extremely marked. It will be seen, there- 
fore, that the radiation emitted by the vibration of a hydrogen 
ion corresponds in wave-length with the radiation for which methyl 
acetate has marked absorption. If we take the mean value of the 
frequency of vibration of a hydrogen ion to be 1°48x 10", the 
energy of one quantum = 
hv =6°55 x 10-27 x 1°48 x 104=0°97 x 10-© ergs, 

a quantity obviously of the same order as the extra amount of 
energy required to be added to ‘‘decompose” one molecule of 
methyl acetate, namely, 1:03 x 10-! ergs, according to the calcu- 
lation from Marcelin’s expression. It follows, therefore, that the 
energy emitted by the vibration of a hydrogen ion is sufficient to 
supply the “critical increment,” that is, the energy which a 
methyl acetate molecule must absorb, according to Marcelin, before 
it becomes reactive. Of course, it must be pointed out that the 
considerations regarding the source of the radiation from the ion 
as. due simply to its vibration to and fro between two neighbouring 
molecules have been put forward as being the simplest possible 
conception of the process. The actual mechanism may be more 
complex. 


The Energy of Vibration of other Ions. 


On the basis of the mechanism suggested, more slowly moving 
ions will give rise to frequencies of smaller value, and therefore, in 
the case of heavier ions, the velocity, and consequently the vibra- 
tion frequency, decreases. The frequencies, and the energy of the 
quanta corresponding with these frequencies, have been calculated 
for the commoner ions in aqueous solution, both when these are 
regarded as anhydrous and as hydrated (using the values com- 
puted by Riesenfeldt and Reinhold (Zeitsch. physikal. Chem., 
1909, 66, 672). It is unnecessary to give these in detail, as the 
relative positions occupied are altered in the two cases. All the 
quanta are less than those corresponding with the hydrogen ion. 
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No catalytic effects were observed with potassium and lithium 
chlorides in the hydrolysis of methyl acetate. 


General Considerations. 


As regards the question of the possible activity of the undis- 
sociated molecule, experiments are now in progress, as well as 
with other consequences of the radiation mechanism suggested, 
such as the effect of a solute on the dissociation of the solvent, the 
catalytic effects of fluorescing substances, the abnormal dissocia- 
tion of strong electrolytes, neutral salt action, the anti-catalytic 
effect of water in alcoholic solutions, and anti-catalysts or “ pre- 
servatives”’ in general. 

It should be pointed out once more that the main idea put 
forward in the present communication lies in the application of 
infra-red radiation as the physical basis of the effects observed 
without any insistence upon a particular mechanism whereby the 
radiation is caused. That suggested is the simplest conceivable, 
but it may yet be necessary to regard the question from the point 
of view of the internal structure of the hydrogen ion, such, for 
example, as the continuous change from a dehydrated to a 
hydrated state, this being a dynamical view intermediate between 
the two opposing statical “chemical” views, one of which ascribes 
the catalytic effect to the hydrated ion, the other to the unhydrated 
ion. In order to obtain emission from a charged particle, it 
appears necessary, in view of Bohr’s theory (Phil. Mag., 1913, [vi], 
25, 10), to conceive of passage from one position of stability to 
another, the “positions” of stability being respectively the 
hydrated and unhydrated states. In any event, it appears likely 
that the distances involved will be molecular, that is, of the order 
10-8 cm., and hence infra-red radiation of the same order as that 
already calculated would be emitted. 

When a reaction proceeds without a catalyst (in the ordinary 
sense), it may be assumed that the normal radiation density exist- 
ing in the medium is itself sufficient to give to the molecules the 
requisite “critical energy.” The idea, therefore, of ascribing cata- 
lytic effects as due to localised increase in radiation density is a 
logical extension of this view. 


Summary. 


(1) Experiments have been carried out which show that the 
temperature-coefficient of a reaction is independent of the concen- 
tration of the catalyst. This is contrary to what one would expect 
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on the assumption of “active” and “inactive” chemical 
isomerides. 

(2) On the basis of Marcelin’s physical explanation of the effect 
of temperature on reaction-velocity, a radiation theory has been 
suggested to explain the phenomenon of catalysis in homogeneous 
solution. Certain other consequences which follow from this have 
been pointed out. 


THe Muspratr LABORATORY OF PHYSICAL AND ELECTRO-CHEMISTRY, 
THE UNIVERSITY OF LIVERPOOL, 


CCXVII.—The Metallography of German Silver. 


By Frank CHarLes THOMPSON. 


From the physico-chemical point of view, the system copper—zinc— 
nickel, to which the German silvers belong, has received detailed 
examination from Tafel (‘‘ Metallurgie,” 1908, Vol. V., p. 413). 
Almost the whole of the more directly industrially important 
knowledge of these alloys, however, is contained in a paper by 


Hudson (J. Znst. Metals, 1913, i, 109), who, starting with the cast 
metal, traced its structural alterations on rolling and annealing. 
Only one composition of metal, however, was examined, and altera- 
tions in structure with alloys of different qualities were not con- 
sidered. Since these alloys, however, consist entirely of Tafel’s 
a-solution, they are metallographically strictly comparable with the 
a-brasses, and in addition to the researches mentioned above, in- 
formation of the greatest value may be obtained from the accounts 
of work done on the latter alloys. In particular may be instanced 
the classical paper of Charpy (‘‘Contributions 4 1l’étude des 
alliages,” Paris, 1901, p. 1), which dealt both mechanically and 
micrographically with their working and annealing. 

Our present knowledge of the micrography of the German silvers 
may be briefly summarised as follows. 

The commercial alloys consist entirely of the a-solid solution, 
since the appearance of the B-phase is accompanied by a brittle- 
ness that renders them incapable of receiving the work to which 
they must be subjected. In the cast state, the structure consists 
of cored crystals, which in these nickeliferous alloys are remark- 
ably persistent under both mechanical and thermal treatment. 
Annealing at a proper temperature will in time remove this coring, 
giving place to a structure consisting entirely of allotrimorphic 
crystals, in which, however, unless the annealing has been very 
prolonged, traces of the cast structure may still be recognised, 
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Like all a-solutions, these alloys are rolled cold, which treatment 
produces, if carried far, an indefinite linearity in the direction of 
greatest extension. The cored structure often still persists after 
repeated rolling and annealing. When the cold-worked metal is 
annealed above a certain minimum temperature, a recrystallisa- 
tion is effected, the degree of coarseness of which is increased as 
the annealing temperature is raised and as the time is prolonged. 

The present research has been carried out, for the most part, 
on actual commercial specimens subjected to ordinary works treat- 
ment, and the results are typical of the industrial alloys. 

With a few exceptions, which will be mentioned, the sections 
have been etched with 5 per cent. ferric chloride solution, in which 
only so much hydrochloric acid is present as is furnished by the 
hydrolysis of the salt. 


ExPERIMENTAL. 


(a) Oxygen in German Silver. 


The difficulty of determining accurately the oxygen in brasses 
and German silver is well known, and ordinary micrographs of 
the alloys do not show non-metallic impurities. By heating 
together cupric oxide and zinc, Turner (J. Znst. Metals, 1912, ii, 2) 
has observed a reaction, accompanied by a considerable evolution 
of heat, in which the oxygen is transferred from the copper to the 
zinc, and hence has drawn the conclusion that in the copper—zine 
alloys the oxide present is that of zinc. Exactly how this occurs 
is not quite so clear, but Turner is of the opinion that it is prob- 
ably in a kind of fine suspension “mechanically entangled.” The 
author hopes to be able to show that this is exactly the form in 
which the oxygen is, in all probability, present in the alloys under 
consideration. 

A direct solution to the problem would appear to be impossible, 
but the application of the principle of “maximum work” should 
indirectly afford an answer. According to this theory, a system 
is in its stable condition when those components are present which 
have been formed with the evolution of the maximum amount of 
heat. Thus, assuming the oxygen in German silver to be present 
as an oxide. it follows from the theory that it will be that oxide 
the heat of formation of which is the greatest. 

The following list of the heats of formation of the lower oxides 
of copper, zinc, and nickel is taken from the tables of Landolt and 
Bornstein : 


Oxide. Heat of formation. 
Cu,O 42°3 (mean of two). 
NiO 59°7 

ZnO 85:0 
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These results, then, indicate very strongly that, as Turner 
concluded for the copper-zinc alloys, from an entirely different 
consideration, the oxide present in German silver is that of 
zinc. 

In order to determine the exact mode of occurrence of the zinc 
oxide, a series of specimens of good commercial German silver of 
varying percentages of nickel was examined at a high magnifica- 
tion after polishing, but without etching. In all cases, very fine 
black inclusions were visible, of one of the most marked of which 
Fig. 1 is a photograph, taken at 1000 diameters. The structure 
would faintly suggest a radiating or globular eutectic, but for the 
present “mechanically entangled’ would seem the best description. 


(b) The Influence of Deoxidants.* 


In the metallography of alloys, such as the a-solutions, which 
consist entirely of a single phase, the size of the allotrimorphic 
erystals must in all cases be a point of the greatest importance. 
With a view to determine the influence of deoxidants, a series of 
four alloys was examined. The essential composition of each was 
the same, but whilst two had received no addition, 0°25 per cent. 
of manganese had been added to one fusion and 0°5 per cent. of 
aluminium to the other. The alloys after casting were rolled into 
sheets and annealed. 

On examination at a magnification of 60 diameters, the two 
untreated alloys were composed of crystals the mean area of. which 
was 0°3 sq. cm., and thus readily observed. At the same magnifi- 
cation the crystals of the deoxidised alloys were so small as to be 
individually invisible, and a mere matt-surface effect was observed. 
At higher magnifications the mean area was found to be 0°0005 
sq. cm. 

In the aluminium alloy, an incomplete network faintly to be 
seen may afford an explanation of the idea held by certain makers 
of German silver that the presence of even small amounts of 
aluminium is detrimental to the properties of the metal. 

This remarkable refining action of the small additions of 
manganese and aluminium is the more curious, as, at any rate in 
the case of manganese, the whole amount added had passed into 
the slag, hardly a trace remaining in the alloy. 

The finer structures of the deoxidised alloys imparted to them 
a higher tensile strength than that of the untreated metal, and in 
view of the fact stated above, that no chemical difference existed 
between, the treated and untreated specimens, no explanation 


* A deoxidant is an element added (usually a metal) to the molten alloy before 
the latter is cast to eliminate oxygen which has been dissolved during the melting. 
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appears to meet the case so well as that of the amorphous cement 
theory of the intercrystalline boundaries developed by Rosenhain 
(Rosenhain and Ewen, J. Inst. Metals, 1912, ii, 149; 1913, ii, 119) 
and his co-workers. Several other observations, all pointing in the 
same direction, have been made during the preparation of this 
paper. Thus, Humfrey (J. Iron and Steel Inst. Carnegie, Vol. 
iv, 1913) has recently shown that in stressed ferrite the slip 
bands show a tendency when approaching the crystalline 
boundaries to bend round and to approach at a smaller angle, 
indicating that these junctions do possess properties differing con- 
siderably from those of the interior of the crystal. A similar con- 
clusion may be arrived at from the curvature of the twinned 
crystals in German silver which has been cold worked. After the 
distortion, the twinned portions show a marked tendency to retain 
their original angles with the boundaries of the crystals. At a 
small distance from the boundaries, however, which is still great 
compared with the actual thickness of these, the limits of the twins 
become curved, following the direction of elongation of the crystals. 

The same alloys were of interest in another direction. Trouble 
sometimes occurs in the working of German silver due to “riffling.” 
This effect is a corrugation of the surface of the article during 
spinning, etc. Tensile test-pieces were prepared and broken from 
each of the alloys, when two showed the appearance markedly, 
and the others, which had been deoxidised, were free. The un- 
treated alloys were, in comparison, coarsely crystalline, while the 
crystals of the treated ones were exceedingly minute, and it is in 
this crystal size that the source of the trouble seems to lie. 
“Riffing” is apparently due to certain crystals being squeezed 
out at the surface under pressure from adjacent ones. If the 
crystals are large the surface will lose its smoothness, but if minute 
the effect will be inappreciable. 

The addition of a suitable deoxidant would thus reduce the 
liability to this defect, and, in addition, the author has reason 
to believe that the adherence of the deposit during electroplating 
is also improved at the same time. 

The grain-refining influence of such additions is not restricted 
to the alloys under consideration, but appears to be a fairly 
general phenomenon. The reduction in the crystal size of a Muntz 
metal by the addition of 2 per cent. of manganese, although not 
so marked as for German silver, is distinctly noticeable. 


(c) The Effect of Pronounced Overheating. 


Fig. 2 is the photograph of a German silver of high nickel con- 
tent which, asa result of drastic over-annealing, had become almost 
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entirely devoid of ductility. Despite repeated cold rolling and 
annealing, a very definite “casting” structure is evident, which 
would appear to owe its reintroduction to the overheating. The 
grain size of this alloy, as shown in Fig. 4 at 300 diameters, cannot 
be the cause of the brittleness. 

In order to decide whether such heat treatment is capable of 
reproducing the cast pattern, the burnt specimen was annealed for 
four hours at 750°. The structure after this treatment was that 
of a perfectly normal alloy, and all traces of the dendritic mark- 
ings had totally disappeared. 

The same specimen was next reheated for one hour to just below 
the solidus, about 1000°, when a structure very closely resembling 
that of Fig. 2 was again obtained, although the branching was 
scarcely so well shown. 

Exactly what is the mechanism of these changes is hardly 
apparent. The casting pattern was, on the average, perhaps 
2°5 mm. long, whilst the diameter of the crystals shown in Fig. 4 
was of the order of 0°042 mm., so that the two would seem to have 
nothing in common. When a similar German silver in the cast 
state is burnt (Fig. 3), a markedly different structure is obtained 
and vastly larger crystals. The most probable explanation seems 
to be that the casting pattern is a remnant of the structure of the 
original ingot, but so faintly preserved that, in ordinary circum- 
stances, it is not seen. The tendency of the zinc to volatilise at 
the high temperature, especially from those parts where the cored 
structure remains, may conceivably give a sponginess which, after 
etching, would show this faint structure. 

This curious reproduction of the ‘as cast” pattern by over- 
annealing is exactly comparable with the well-known reintroduc- 
tien of the martensitic pattern in overheated steel forgings. If 
the overheating be sufficiently drastic, the structure becomes so 
intensely angular as to be indistinguishable from that of an un- 
treated casting. 

It has recently been shown by C. Chappell (J. Zron Steel Inst., 
1914, i) that the recrystallisation of cold worked ferrite is 
effected by the deformed crystals splitting up into many smaller 
secondary ones, and a similar method of recrystallisation seems to 
hold for German silver if the dendritic markings of Fig. 2 are the 
remains of the original crystaline structure. The area outlined 
in this photograph would then represent part of one primary 
crystal, which Fig. 4 indicates must have broken up into some 
hundreds of smaller ones when recrystallisation occurred during 
annealing after cold work. 

Fig. 4 is of the same section as Fig. 2 after the annealing and 
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reburning, but taken at a magnification of 300 diameters. The 
first point of interest is that, although it represents a rolled and 
annealed German silver, practically no trace of twinning re- 
mains, and the section confirms the conclusion of Edwards and 
Carpenter (J. Zron Steel Inst., 1914, i), that by prolonged heating 
all traces of twinning may be eliminated from a forged and 
annealed metal much below the melting point. This comparative 
absence of twins in overheated German silver may afford valuable 
evidence, additional to the crystal size, to the works investigator 
when dealing with material suspected of over-annealing. A second 
point of interest in connexion with Fig. 4 is the peculiarly broad 
crystal junction, probably due to the volatilisation of zinc in their 
vicinity, and further evidence of the validity of the amorphous 
cement hypothesis. Since a material in the amorphous condition 
has a higher vapour tension than in the crystalline, other things 
being equal, where such material exists there should also burning 
occur. 


(d) Influence on the Structure of Different Compositions. 


When the average grain size of a 70/30 brass is compared with 
that of a German silver, the finer crystallisation of the latter at 
once suggests that the presence in the solution of nickel has a 
decided tendency to reduce the coarseness of the grain. To deter- 
mine how far this is true for varying qualities of German silver, a 
series of seven alloys was examined, ranging in nickel percentage 
from 7 to 22 per cent., which had received ordinary commercial 
treatment. Fig. 5 is a photograph at 100 diameters of the 12 per 
cent. alloy, and the following list will indicate how very marked 
is the diminution in the size of the crystals as the percentage of 
nickel in the alloy increases. 

Mean area of crystal. 
Sq. cm. 
0-015 
0:0025 
0°0005 

The chemical composition of the alloys is here the main factor, 
but since the annealing temperature of the lower nickel alloys is, 
in general, somewhat higher than that for the more highly 
nickeliferous ones, this may also have exaggerated slightly the 
effect of the nickel. This refining action has a counterpart in the 
metallography of steel, where the action in reducing the grain 
size of 3 per cent. of nickel is most marked. 

The effect of the copper-zine ratio on the structure has not been 
examined in detail, since the copper percentage in the alloys is 
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almost fixed. In the one case with 15 per cent. of nickel which 
was examined, an increase in the percentage of copper of 4 per 
cent. yielded a small refining action, which, however, might well 
have been due to slight alterations of the conditions of annealing. 
_ Throughout the range of nickel percentage examined, no altera- 
tion in the type of twinning could be detected. In all cases this 
was, for the most part, of the repeated type, with also some single 
twinning, and throughout the series corrosion pits suggested cubic 
crystallisation, although no accurate measurement was made. 
With the exception of the size of the crystals, the only other effect 
on the structure of the increase in the nickel percentage is the 
greater persistence of the cored crystals during rolling and 
annealing. 
(e) Lead and Tin. 


Lead is practically totally insoluble in brasses and German 
silver. In the cast state, the lead separates out as globules, which 
on rolling become elongated to threads in the direction of the 
greatest extension. These threads, however, are not continuous, 
but break up into a series of globules roughly spherical in shape. 
Fig. 6 is a photograph of a forging of German silver with about 
1°3 per cent. of lead. The specimen has been polished only, and 
not etched. 

Fig. 7 is of an alloy with about 2°5 per cent. of tin in the cast 
state. A new slate-grey constituent has appeared, strongly 
resembling the similar grey constituent in bronzes beyond the limit 
of the asolution. The constituent may well be of similar com- 
position, either Cu,Sn or a solution rich in it. It shows, however, 
no trace of the eutectoid structure of the constituent of the bronze. 
The well-known brittleness of intermetallic compounds affords a 
ready explanation of the inferior mechanical properties of a 
German silver rich in tin. The structure of this alloy hardly 
appears to the author to suggest the eutectic stated by Law 
(“ Alloys,” p. 175) to be formed by the addition of tin to German 
silver. 


Analogies between German Silver and Steel. 


Several times during this paper analogies have been pointed 
out between the metallography of German silver and steel, and 
these may be extended. It may well be that for certain purposes 
the use of one alloy for the other may be possible, whilst infer- 
ences drawn from the metallography of one metal may further the 
study of the other. 

The most obvious points of similarity are: 

(1) In practice, the annealing temperature-range from 900° to 
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700° is the same for each, and the temperature falls as the per- 
centage of nickel increases in the non-ferrous alloys, and as the 
carbon increases in the steel. 

(2) In each case, overheating will cause a reintroduction of the 
cast structure, with an accompanying loss of ductility. 

(3) The mechanical properties of German silver are not dis- 
similar from those of a normal mild steel. 

(4) In each case, increased nickel content’ means a diminution 
in the size of the grain. 

(5) The mechanism of the recrystallisation after cold work 
appears to follow the same course for both metals. 

(6) As shown by the austenitic steels, the original cast struc- 
ture of each is the same, and there is reason to believe that the 
peculiar persistence of the cored structure in the German silver 
has a counterpart in the ferrous metals. 


Summary. 


(1) The oxygen in German silvers is probably present as finely 
disseminated oxide of zinc. 
(2) Deoxidants have a marked influence in giving a finer crystal- 


line structure, accompanied by better mechanical properties. 

(3) A curious reproduction of the “as cast” structure has been 
found in burnt metal. 

(4) Lead and tin both cause the separation of distinct com- 
ponents, probably lead and a compound of copper and tin 
respectively. , 

(5) Marked analogies exist between the metallography of 
German silver and steel, and between their mechanical and anneal- 
ing properties. 


The best thanks of the author are due to Dr. H. C. Greenwood, 
of Messrs. William Hutton and Sons, Sheffield, for several of the 
specimens, and to Mr. J. H. Wreaks, Lecturer in Metallography 
in the University of Sheffield, for much help and advice. 
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CCXVIII.—The Colouring Matters oj Rhamnus 
catharticus. 
By Joser Orscu and ArTtHUR GEORGE PERKIN. 


Accorp1ne to the work of Tschirch and Polacco (Arch. Pharm., 
1900, 238, 459), the yellow, tinctorial constituents yielded by the 
berries of Rhamnus catharticus (Hungarian berries) are quite dis- 
tinct from those given by the berries of the various species of 
Rhamnus which constitute the Persian berry proper, and now well 
known to consist of rhamnetin, rhamnazin, and quercetin. Thus, 
according to these authors, in addition to rhamnoemodin and 
certain other allied non-tinctorial compounds, with which the pre- 
sent paper is not concerned, there could be isolated from the 
berries of 2. catharticus four hitherto unknown yellow, crystalline 
substances, to which the names rhamnocitrin, A-rhamnocitrin, 
rhamnochrysin, and rhamnolutin were assigned. Although the 
constitution of these compounds was not ascertained, it appeared 
likely that rhamnocitrin, C,,H,,O;, was the trihydroxy-derivative 
of the dihydroxanthone, 


O 
/\/\0\on, 


Wye 
CO 

and rhamnolutin a new tetrahydroxyflavone isomeric with luteolin 
and fisetin. Again, rhamnochrysin, C,;H,,O;, was probably an 
oxidation product of rhamnocitrin, whereas the latter and 
B-rhamnocitrin, C,;H,,0;, closely resembled the B-rhamnetin which 
Schiitzenberger describes as obtainable from Persian berries. 
8-Rhamnocitrin is quite distinct from rhamnetin, C,.H,,O;, and, 
indeed, in all these compounds methoxy-groups were absent. 

It is somewhat remarkable that Tschirch and Polacco were un- 
aware that the true formula of rhamnetin is C,,H,,0O, (Herzig, 
Monatsh., 1888, 9, 548; 1891, 12, 172), and that the so-called 
B-rhamnetin is with little doubt quercetin (T., 1895, 67, 502). 

Valiaschko and Krasowski (J. Russ, Phys. Chem. Soc., 1908, 
40, 1502), and Krasowski* (¢bid., 151C’ on the other hand, 
strongly criticise this work of Tschirch and Polacco, and contend 
that from the botanical relationship existing between the Persian 
berries and those of FR. catharticus, and the similarity of their 
dyeing properties, it is only to be anticipated that the same colour- 


* For a translation of this paper, which is written in the Russian language, we 
are indebted to the kindness of Mr. T. H. Pope. 
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ing matters will be yielded by both. As a matter of fact, the 
compounds of Tschirch and Polacco could not be isolated, although 
the presence of rhamnetin and quercetin was easily detected. 
Rhamnolutin is possibly rhamnetin, as the melting point of the 
acetyl derivative, 183—-184°, would appear to suggest, whereas 
rhamnocitrin is exactly like quercetin and rhamnetin in its re- 
actions. Again, instead of rhamnochrysin, a mixture of quercetin 
and emodin was obtained. Further, xanthorhamnin, the glucoside 
of rhamnetin, is present in these berries. 

At the outset of this work we were unaware of Krasowski’s 
paper, our object being chiefly the study of the rhamnocitrin of 
Tschirch and Polacco, for although flavone derivatives are ex- 
tremely common throughout nature, the closely allied xanthone 
group of which this compound was apparently a member appears 
to be but poorly represented. Having, however, soon satisfied our- 
selves as to the nature and properties of this compound, a study of 
the other colouring matters which can be obtained from the berries 
has been carried out, with the results given in this paper. As it 
seemed possible that the divergent results of these former workers 
might have been occasioned in the one case or the other by the 
accidental use of berries not derived from 2. catharticus, special 


pains have been taken to ensure the botanical authenticity of the 
material here employed. 


Ex PERIMENTAL. 


Four kilos. of the berries were extracted with eight litres of 
boiling water for three hours, the mixture was filtered, and the 
residue washed with 1°5 litres of hot water. Experiments were 
first carried out on the substances removed from this extract by 
agitation with ether, but this eventually proved to be unnecessary, 
and fortunately so, for not only did the mixture separate from 
the ether with difficulty, but very little colouring matter was 
removed thereby. The small quantity of the products isolated in 
this manner, however, closely resembled in property those described 
by Tschirch and Polacco. 

It was found better at once to hydrolyse the glucosides present 
in the aqueous solution, and for this purpose sulphuric acid to the 
extent of 1°5 per cent. was added, and the mixture boiled for two 
hours. A granular precipitate gradually separated, which in- 
creased in quantity on cooling, and this was collected and washed, 
and, when dry, consisted of 352 grams of a dark brown powder. 
In order to remove a trace of plant wax which was present, it was 
extracted with a little boiling benzene, only a minute amount of 
yellow colouring matter being removed thereby. 

702 
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The product in the finely powdered condition was now thoroughly 
extracted with boiling ether, and the extract evaporated, whereby 
a yellow, crystalline residue (A), weighing 102 grams, remained. 
The residue insoluble in ether, which possessed a dark brownish- 
black tint, was practically free from colouring matter, and was 
possibly largely a phlobaphen produced from a phobatannin by the 
action of the boiling acid. The crystalline residue (A) was now 
exhausted with boiling toluene, leaving 82°5 grams (B) undissolved, 
and on cooling overnight, 8 grams of yellow crystals (C) separated 
from the solution. These were extracted with 200 c.c. of 50 per 
cent. alcohol, the residue (D) being twice crystallised from toluene, 
and then from methyl] alcohol, until the melting point was constant. 

Found, C=63°77; H=4°19. 

C1¢H.0, requires.C=64°00; H=4°00 per cent. 

It consisted of pale yellow leaflets, soluble in alkali with a 
yellow colour, and began to sinter at 210°, finally melting at 
221—222°. With lead acetate it gave a yellow precipitate, and 
its solution in sulphuric acid possessed a deep green fluorescence. 
The amount obtained was exceedingly small. 

The acetyl compound, prepared in the usual manner, crystallised 
from alcohol in colourless needles, melting at 200—201°. The 
melting of this compound, and that of its acetyl compound, are 
practically the same as those given by Tschirch and Polacco for 
rhamnocitrin and acetylrhamnocitrin respectively, and the fact 
that its sulphuric acid solution is strongly fluorescent left no doubt 
as to its identity. Tschirch and Polacco adopted the formula 
C)3H,,0, (C=63°44; H=4:'06), and, curiously enough, tested for 
the presence of a methoxy-group, with a negative result. Feeling 
far from certain on this point, experiments were carried out by 
Zeisel’s method, with the result that this statement was found to 
be incorrect.* 


Found, Me=4'92. 
C,;H,O;;OMe requires Me=5:00 per cent. 


* Manning and Nierenstein (Ber., 1913, 46, 3983) have stated that when acetic 
anhydride is employed in conjunction with Zeisel’s method, a procedure first 
suggested as beneficial by Herzig (Monatsh., 1888, 9, 544), erroneous results are 
obtained, because hydriodic acid and acetic anhydride alone give in this way a 
weighable amount of silver iodide. Goldschmiedt (Ber., 1914, 47, 389) has pointed 
out that in the case of the ordinary apparatus, where bulbs containing amorphous 
phosphorus are employed, and when pure acetic anhydride is used, this statement of 
Manning and Nierenstein is incorrect. On the other hand, Goldschmiedt suggests 
as possible that the results of these authors had been obtained with the apparatus of 
Perkin or of Hesse in which these bulbs are absent. Frequent practice with the 
former suggested as improbible that such an error occurred, but experiments were 
carried out with this apparatus employing pure acetic anhydride with ‘*Zeisel 
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The product from the action of the hydriodic acid, which was 
evidently present in the form of an oxonium salt, was poured into 
sodium hydrogen sulphite solution, the yellow precipitate collected, 
crystallised from dilute alcohol, and traces of iodine still present 
were removed by means of potassium iodide solution. Finally, it 
was crystallised from acetic acid, and obtained in yellow needles, 
melting at 274°, which gave with sulphuric acid a fluorescent solu- 
tion. The acetyl compound, prepared in the usual manner and 
crystallised from methyl alcohol, formed colourless needles, which 
melted at about 116°, gradually solidified as the temperature rose, 
and finally melted at 182°. Again all the properties of this colour- 
ing matter were identical with those of kaempferol, and from these 
results there could be no doubt that rhamnocitrin is not, as sug- 
gested by Tschirch and Polacco, an hydroxydihydroxanthone, but 
is in reality a monomethyl ether of kaempferol. 

The only substance of this constitution at present known 
is the kaempferide of Galanga root, Alpinia officinarum, 
first isolated by Jahns (Ber., 1881, 14, 2385), who found 
its melting point to be 221—222°, and that of its acetyl 
derivative 188—189°. According, however, to the later work of 
Ciamician and Silber (Ber., 1899, 32, 861), and Testoni (Gazzetta, 
1900, 30, ii, 327), kaempferide and acetylkaempferide melt, re- 
spectively, at 227—-229° and 193—195°, and although in general 
respect rhamnocitrin very closely resembles kaempferide, it would 
appear, more especially from the difference in the melting point 
of their acetyl derivatives, that they are distinct compounds. In 
order to compare the two compounds, an ethereal extract of 
Galanga root was obtained by purchase, but this proved to be of 
no service, in that but a trace of kaempferide was present, and 
further experiments could not be carried out owing to the fact 
that our joint work had to cease at an earlier period than had 
been anticipated. It is hoped, however, to subsequently deal with 
this matter. 

The main residue (D), 82°5 grams, from which the rhamnocitrin 
had been removed, was now extracted, respectively, with boiling 
chloroform and boiling water, in the hope that some definite 
separation would be thereby effected. As this did not prove to be 
the case, the product was next digested with 350 c.c. of boiling 
alcohol, filtered [filtrate (#)], and the residue washed with 50 c.c. 
of hot alcohol. The latter, which weighed 11°5 grams, and was of 


hydriodic acid ” (D 1*7) alone. The results were as anticipated, no silver iodide being 
thus produced, from which it appears that if Manning and Nierenstein employed 
Perkin’s apparatus their difficulties must have arisen from the use of impure acetic 
anhydride or of acid of a strength greater than that known as ‘“‘ Zeisel.” 
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a very sparingly soluble nature, was purified by extraction with 
800 c.c. of boiling acetic acid, and the solution, on cooling, de- 
posited 3°7 grams of yellow crystals, melting at 280—282° [filtrate 
(F)]. On acetylation, colourless needles were obtained, which, 
after re-acetylation, melted at 189°. A similar treatment of the 
residue not dissolved by the acetic acid indicated that this was 
almost entirely the same compound as the acetyl derivative melted 
at 190°. On hydrolysis of the latter, and subsequent re-acetylation, 
it was eventually obtained of the constant melting point 190—192°. 


Found, C=59'16; H=4°09. 
C,,H,0,Ac, requires C=59'50; H=4'13 per cent. 
Hydrolysis with hydrochloric acid in the usual manner indicated 
the presence of four acetyl groups. 
Found, C,,H,,0,= 65°02. 
Co4Ho90;, requires C,,H,,0O,=65°29 per cent. 
An analysis of the colouring matter gave the following result: 


Found, C=60°55; H=3°91. 
C,gH,.0, requires C=60°76; H=3°79 per cent. 


It consisted of yellow needles, melting above 300°, soluble in 
alkaline solutions with a yellowish colour, and giving with alcoholic 
lead acetate an orange-red precipitate. 

This compound agreed in general properties with the B-rhamno- 
citrin of Tschirch and Polacco, who give the melting point of the 
acetyl compound as 190—191°. The method of isolation also 
adopted by these authors corresponds very closely with that given 
in this paper, but, on the other hand, the formula C,3;H,,0; which 
they have adopted requires C=63°44; H=4°06, much higher figures 
than those here found. Again, it was observed by these chemists 
that B-rhamnocitrin in some respects resembles rhamnetin, although 
mention is made in their paper that it is different from rhamnetin, 
and contains no methoxy-group. Krasowski (loc. cit.), however, 
states that he has isolated rhamnetin from the hydrolysed extract 
of these berries, but gives the melting point of the acetyl compound 
as 183—184°, which is practically identical with that given by 
Liebermann and Hérmann (Ber., 1878, 11, 1618), 181—183°, and 
by Herzig (Monatsh., 1888, 9, 548), 183—185°, but much lower 
than that of B-rhamnocitrin, 190—192°. 

Examination showed that, contrary to the statement of Tschirch 
and Polacco, a methoxy-group is present in this substance. 

Found, Me=3'03. 

C,,H,O,Ac, requires Me=3'09 per cent. 
The demethylated product proved to be quercetin, in that it had 
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all the properties of this substance, and gave the acetyl derivative, 
melting at 193—195°. (Found, C=59°69; H=3°47. C,;H,,O, 
requires C=59°60; H=3°31 per cent.) 

In order to determine if this compound was in reality rhamnetin, 
or a distinct monomethyl ether of quercetin, some quantity of 
rhamnetin was specially prepared from Persian berries and sub- 
mitted to exhaustive purification. From this the acetyl compound, 
obtained in the usual manner, melted at 190—192°, and was 
identical with that described above. It is evident, therefore, that 
this colouring matter of the berries of 2. catharticus is rhamnetin, 
and Krasowski is correct in this respect, although his preparation 
cannot have been pure. On the other hand, there can be no doubt 
that, under the name of f-rhamnocitrin, Tschirch and Polacco 
obtained pure rhamnetin, but the statement that their compound 
did not contain a methoxy-group, and their analytical results are 
difficult to explain. 

The acetic acid iiquors (/) produced during the purification 
of rhamnetin were treated with water, and the yellow precipi- 
tate, which, when dry, weighed 2°9 grams, was extracted with 
alcohol, and the operation repeated until all traces of the less 
soluble rhamnetin had been removed. The combined extracts were 
evaporated to dryness, and the residue acetylated, by which means 
an acetyl compound, melting at 190°, was isolated. By a re 
digestion with boiling acetic anhydride and frequent recrystallisa- 
tion, this eventually melted at 193—194°. The free colouring 
matter (0°22 gram), obtained by hydrolysis, consisted of yellow 
needles, melting at 308—309°. (Found, C=59°41; H=3°49. 
C,;H,).0, requires C=59°60; H=3°31 per cent.) It was evidently 
quercetin, and Krasowski’s statement in this respect is thus 
confirmed. 

Among the compounds isolated by Tschirch and Polacco, 
there is none that corresponds in property with quercetin, and, 
indeed, the amount present in the hydrolysed berry extract is 
very small, and minute in comparison with the quantity of 
this dyestuff which can be obtained from Persian berries. The 
alcoholic filtrate (#) obtained during the isolation of the 
rhamnetin was treated with water, and the yellow precipitate, 
which, when dry, weighed 48 grams, was crystallised from 50 per 
cent. alcohol. It was now dissolved in alcohol, a trace of sparingly 
soluble substance removed, and the filtrate fractionally precipitated 
with water, employing quantities of the latter varying between 100 
and 200 c.c., so that six distinct deposits were obtained. Of these, 
the first four, amounting to 27 grams, consisted almost entirely of 
the same substance, and this was crystallised from acetic acid until 
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the melting point was constant. (Found, C=62°86; H=3°52. 
C,;H,0, requires C=62°94; H=3°49 per cent.) 

It consisted of yellow needles, melting at 275°, soluble in alkaline 
solutions with a yellow coloration, and giving with alcoholic lead 
acetate a yellow precipitate. 

The acetyl compound crystallised from methyl alcohol in colour- 
less needles, which melted at 116°, resolidified at a higher tempera- 
ture, and finally melted at 181°. (Found, C=60°79; H=3'93; 
C,;H 90, = 63°25. C,;H,O,Ac, requires C = 60°79; H = 3°96; 
C,;Hg0,= 62°99 per cent.) 

On fusion with alkali, this colouring matter gave phloroglucinol, 
melting at 212°, and phydroxybenzoic acid, melting at 209°, and 
there could, accordingly, be no doubt that it consisted of kaemp- 
ferol. It is quite evident that this compound represents the 
rhamnolutin of Tschirch and Polacco, who isolated it in a pure 
condition, and determined its correct formula. They, however, 
erred in considering that it was a new flavone colouring matter, 
and were evidently unaware of the production of kaempferol from 
kaempferide, its methyl ether, by Gordin (Diss., Berne, 1897), 
and its isolation in the free condition by Perkin and Pilgrim (T., 
1898, 78, 267) from the flowers of Delphinium zalil. 

Kaempferol is by far the main constituent of the colouring 
matters derived from the berries of R. catharticus, and Krasowski, 
who goes so far as to deny its existence, and to criticise the work 
of Tschirch and Polacco in this respect, can at the most have 
made but a cursory examination of his product. 

As to the nature of Tschirch and Polacco’s rhamnochrysin, 
C,3H,)0, (C=56°11; H=3°59), an opinion cannot be given, for no 
compound containing so low a percentage of carbon was 
encountered during this work. Should any substance other than 
those isolated have escaped detection, the amount present could be 
but trifling, for the accumulated residues, apart from a trace of 
emodin, were found to consist chiefly of impure kaempferol. 

The shades given by the berries of 2. catharticus on mordanted 
woollen cloth indicate that they possess much poorer dyeing proper- 
ties than Persian berries. This is evident from the following table, 
which represents the dyeings obtained when equal weights of 
material were employed in each case: 

Persian berries. Hunyarian berries. 
Dull orange red Dull olive yellow 
Bright yellow Pale greenish yellow 
Dull olive yellow Dull puce 


Bright orange Pale orange yellow 
Dull olive Pale dull olive 


It has long been known that Persian berries contain a peculiar 
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ferment, now termed “rhamninase,” which at 40° in the presence 
of water hydrolyses the glucosides, with separation of the free 
colouring matters. This change naturally occurs when the dye- 
bath is slowly raised to boiling point, as in the foregoing experi- 
ment, the shades obtained being due to the free colouring matters, 
and not to the glucosides. On the other hand, if the berries are 
added to boiling water, the ferment is killed, and on dyeing with 
such an extract, colours of a much yellower character, due to the 
glucosides, are produced. By experimenting in a similar manner 
with the berries of R. catharticus, it was found that, after treat- 
ment with boiling water, shades similar to those described above, 
but of a much paler character, were obtained, indicating, appar- 
ently, the presence of a similar enzyme in this material. For 
reasons given above, attempts to isolate the latter have not as yet 


been made. 
Summary. 


The colouring matters rhamnolutin, rhamnocitrin, and B-rhamno- 
citrin isolated from the berries of 2. catharticus by Tschirch and 
Polacco consist, respectively, of kaempferol, a kaempferol methyl 
ether, and rhamnetin, but it is considered that their B-rhamno- 
chrysin is not a distinct substance. The statements of Krasowski 
that the two former compounds cannot be isolated from these 
berries, and that rhamnolutin is possibly rhamnetin, whereas 
rhamnocitrin is exactly like quercetin and rhamnetin, are obviously 
incorrect, although the results of this author in regard to the 
presence of rhamnetin and quercetin in the mixed colouring matters 
have been confirmed. The latter are, however, only present in 
small amount, the main constituent being kaempferol, and to this 
the dyeing property of these berries is chiefly due. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
THE UNIVERSITY, LEEDS. 


CCXIX.—The Methylation of Cellulose. Part I. 
Hydrolysis of Methylated Cellulose. 


By Witi1am Smita Dennam and Hitpa Woopnovse (Carnegie 
Fellow). 


Tae methylation of fibrous cellulose by the agency of sodium 
hydroxide and methyl sulphate, with the formation of products 
the composition of which may be represented by the simple 
empirical formule C,,.H,g0.90Me and C©,H,O,-OMe, has been 
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described in a previous communication (T., 1913, 108, 1735); it 
was there pointed out that, notwithstanding the apparent constancy 
in composition of the substances formed in several independent 
series of experiments carried out under slightly varied conditions, 
the methylated products are nevertheless not necessarily chemical 
individuals. The results now communicated of additional experi- 
ments on the methylation of cellulose, and of a study of the hydro- 
lytic decomposition of the methylated cellulose, tend to confirm 
the view that the latter substance is not chemically homogeneous. 
It is, however, important to notice that the expectation that the 
products of hydrolysis of the methylated cellulose would prove to 
be methylated glucoses has been justified ; the further investigation 
of these methylated sugars which is now in progress will, it is 
hoped, afford definite evidence regarding the manner of linkage of 
the glucose residues in the cellulose molecule. 

The well-marked stages formerly observed on the first and second 
treatments of the cellulosic material with the methylating reagents, 
which corresponded respectively with the formule C,.H,0,*OMe 
and C,H,O,-OMe, were not encountered on a repetition of the 
experiments with a larger quantity of material. In the following 
table a comparison is made of the amounts of methoxyl in the 


products from each successive treatment in one of the original 
series of experiments described in the former paper (I) with those 
in the products at the corresponding stages in a newer series (II), 
the details of which are given in the experimental part of this 
communication : 


Percentage of methoxy] after 


Concentration of ~ 
sodium hydroxide. Ist 2nd 3rd 4th 5th treatments 


*I. 15—18 grams per 100 c.c. ... 85 19-7 23-3 25-5 24-6 
II. 17 i - 5-3 11:5 14:0 18-7 20-7 

The divergences between the methoxyl contents at correspond- 
ing stages in the two series, due perhaps to the somewhat different 
concentrations of the alkali and to the differences in the quantities 
of material undergoing treatment, clearly indicate that the agree- 
ment previously observed between simple formule and the composi- 
tion of the methylated cellulose is fortuitous; a study of the pro- 
ducts of the hydrolytic decomposition of methylated cellulose points 
to the same conclusion. 

The yields at each stage of series II in the foregoing table 
indicated that but little of the methylated cellulose had dissolved 
in the wash-water, but, on repeating the process for a sixth time, 
a considerable quantity of material passed into solution. This may 

* The percentages of sodium hydroxide quoted in the original paper are approxi- 
mate and refer to grams per 100 c.c. of solution. In the later experiments the 
coucentrations have been accurately determined. 
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perhaps be due to the fact that a much more concentrated solution 
of sodium hydroxide was employed. Both portions of the product 
from this final treatment—the part which remained undissolved 
and the part which dissolved—contained approximately the same 
proportion of methoxyl; it is therefore assumed, meantime, 
throughout the following discussion, that both possessed the same 
constitution. 

The hydrolysis of the methylated cellulose was carried out on 
the undissolved portion from the final treatment, which contained 
about 25 per cent. of methoxyl, and was effected by the use of 
very concentrated aqueous hydrochloric acid, according to the 
method employed by Willstatter and Zechmeister for the hydrolysis 
of cellulose (Ber., 1913, 46, 2401). The process, which proved 
highly efficient, and was unaccompanied by any evidences of pro- 
found decomposition, yielded a mixture of methylated hexoses, 
which were separated by the methods described in the experimental 
part. A trimethyl hexose was obtained in the crystalline state, 
and there is little doubt that this compound is a true methylated 
glucose, since it displays practically identical specific rotation in 
all ordinary solvents, and this property, as already pointed out by 
Irvine and Hogg (this vol., p. 1386), is characteristic of the glucose 
configuration. The varicus hydrolytic products isolated may thus 
be classified as follows: 

(1) An amorphous monomethyl glucose, or mixture of mono- 
methyl glucoses. 

(2) An amorphous dimethyl glucose, or mixture of dimethyl 
glucoses. 

(3) A crystalline trimethyl! glucose. 

(4) A trace of crystalline matter which, in crystalline form and 
range of solubility, resembled tetramethyl glucose. 

No glucose was isolated, but indications were obtained of its 
presence or of the presence of an unmethylated product. 

In considering the significance of these products of hydrolysis, 
it is legitimate at this stage to leave almost out of account the 
possible occurrence of tetramethyl glucose, since the trace of this 
substance suspected to be present would have its presence explained 
by the assumption of even a very small degree of degradation 
during the operations of methylation. At the same time, it is con- 
ceivable that tetramethyl glucose may be a normal hydrolysis pro- 
duct of methylated cellulose, and that its origin may be traced to 
the existence in the cellulose complex of terminal glucose residues 
linked to the remainder of the molecule through the reducing 
group. The possibility presents itself that cellulose may consist, 
essentially of an open chain of condensed glucose residues. 
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Although no very precise estimate can be made at present of the 
relative quantities of the various products of hydrolysis, it is prob- 
able that the amounts of dimethyl and trimethyl glucoses were 
nearly the same; the weight of trimethyl glucose separated in the 
crystalline form was approximately 10 per cent. of the weight of 
the crude product of hydrolysis, and the presence of more trimethyl 
glucose was recognised by conversion of the residual mixed sugars 
into the corresponding methylglucosides, which were fractionated 
by distillation under diminished pressure. The comparative ease 
with which trimethyl glucose crystallises from that portion of the 
hydrolysis product which possesses the solubilities characteristic of 
a trimethyl glucose seems to indicate that only one trimethyl 
glucose is present, and therefore that the cellulose molecule is 
symmetrical. On this basis, it would be expected that a methylated 
cellulose which possesses the formula C,H,O,-OMe should yield on 
hydrolysis monomethyl glucose, and that alone; even without 
assuming the symmetry of the cellulose molecule, it is probable that 
a monomethyl glucose or mixture of monomethyl glucoses would 
be ebtained from a methylated cellulose represented by the above 
formula. A methylated cellulose of the formula C,,.H,,0;(OMe), 
would contain 25°4 per cent. of methoxyl, which is approximately 
the percentage in the sample of methylated cellulose hydrolysed in 
these experiments; it might therefore be expected, unless the link- 
ages of the glucose residues in the cellulose molecule are to a high 
degree unsymmetrical, that if the methylation occurred uniformly 
with intermediate formation of a definite compound, C,H,O,°OMe, 
the methylated cellulose, which contains about 25 per cent. of 
methoxyl, should yield on hydrolysis nearly equal quantities of 
monomethyl and dimethyl glucose, and but little or none of a 
more highly methylated sugar; since this is not in accordance with 
the fact, it must be concluded, especially since there is an indica- 
tion of the presence of glucose in the product of hydrolysis, that, 
notwithstanding the care taken in attempting to ensure uniform 
impregnation of the cellulosic material with the solution of alkali 
and with methyl sulphate, the methylation did not occur uniformly, 
and that the agreement between simple formule and the composi- 
tion of the methylated cellulose was accidental. 

The occurrence of a trimethyl glucose as essentially the most 
highly methylated glucose derived from methylated cellulose is of 
importance, since it is in harmony with the view that the propor- 
tion of free hydroxyl groups to every six carbon atoms of cellulose 
is three; the possible occurrence, already referred to, of terminal 
glucose residues containing four unsubstituted hydroxyl groups 
would, in the presumably large cellulose molecule, cause only a 
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negligible increase in the ratio of hydroxyl groups to carbon atoms. 
It has not yet been ascertained whether the crystalline trimethyl 
glucose isolated is the only one present, nor has its constitution 
been completely determined; it does not form an osazone, a fact 
which indicates the replacement by methoxyl of the hydroxyl 
group adjacent to the reducing group. Leaving out of considera- 
tion the dimethyl methylglucosides, there are four possible 
trimethyl glucoses, each of which may exist in the a- and the 
B-form: 


JG OH ite OH /Y- OH /f- OH 
/ GH-OH Ce OMe (5/ (H:OMe rd CH: OMe 
\ CH-OMe \ GE OMe \_CH-OMe ~\ CH: OH 
NCH : \CH \CH 
CH-OMe CH: CH-OH CH-OMe 
CH,°OMe _" CH,"OMe CH,"OMe 
(.) (II1.) (IV.) 
The allocation of formula I to the trimethyl glucose derived 
from methylated cellulose is excluded, since a methylated glucose 
represented by this formula would be able to form an osazone. 
The sugar of this constitution has already been prepared by Irvine 
and Scott (T., 1913, 103, 564), and by Irvine and Macdonald 
(unpublished result), and differs in properties from that under 
discussion. A trimethyl glucose of the constitution represented 
by formula II has been prepared by Irvine and Dick (unpublished), 
and likewise differs in properties from that derived from cellulose. 
There remain, therefore, formule III and IV, a discrimination 
between which has not yet been attempted. 

The amorphous monomethyl and dimethyl glucoses were 
separated by conversion of the residual syrup, from which the 
trimethyl glucose was extracted into a mixture of methylglucosides, 
which were separated by the action of solvents and by distillation. 
The methylglucosides were then hydrolysed. Neither of the sugars 
appears to be identical with methyl glucoses already known. Both 
form osazones. It is very probable that each is a mixture, for, 
even on the assumption that only one trimethyl glucose (counting 
the a- and B-form as one) can be obtained from methylated cellu- 
lose, the possibility occurs of three monomethyl and three dimethyl 
glucoses being liberated on hydrolysis as derivatives of the incom- 
pletely methylated glucose residues of the cellulose molecule. 
Again, if the glucose residues in cellulose are not symmetrically 
linked, the liberation of more than one trimethyl glucose, and of a 
correspondingly greater number of monomethyl and dimethyl 
glucoses, would be expected on hydrolysis of the methylated cellu- 
lose. It is therefore not surprising that the amorphous mono- 
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methyl and dimethyl glucoses, although they gave good analytical 
figures, could not be obtained in the crystalline state, for, on the 
simplest assumption, each may be a mixture of three or, counting 
the a- and B-forms separately, of six isomeric substances, and they 
may be more complex mixtures. 

It remains to notice the evidence for the occurrence of glucose 
in the product of hydrolysis. That portion of the syrup obtained 
on hydrolysis which was least soluble in acetone dissolved readily 
and completely in methyl alcohol, so that it cannot have contained 
an appreciable quantity of glucose, unless (as may have been the 
case) the solubility of any glucose present was greatly modified by 
the presence of other substances. One portion of this fraction 
contained about half the percentage of methoxyl that would be 
present in a monomethyl glucose; this seemed to indicate the 
presence of a disaccharide, but the results of molecular-weight 
determinations and the percentages of hydrogen and carbon (deter- 
mined in the purified, but still apparently impure, substance, a 
small quantity only of which was available) were not in agreement 
with the composition of such a compound, From the correspond- 
ing fraction derived from another portion of the same sample of 
methylated cellulose, a substance of approximately the same 
methoxyl content as monomethyl glucose was separated. It seems 
probable, therefore, that the product of hydrolysis contained some 
uncombined glucose. These results are quoted at this stage as, in 
utilising Willstatter and Zechmeister’s method of hydrolysis, we 
have not ignored the possibility that, under the condensing 
influence of the concentrated acid used, a certain amount of auto- 
condensation may have taken place in the liberated sugars. 

The research is being extended in order to complete the methy]- 
ation of cellulose and to ascertain the constitution of the methylated 
sugars formed on hydrolysis. 


EXxPERIMENTAL., 
Methylation. 


The methylated cellulose which was subjected to hydrolysis was 
prepared by impregnating cotton wool (1 equivalent C,H,,O,) with 
a solution of sodium hydroxide (2 mols.), and adding methyl 
sulphate in portions to the mixture until the alkaline reaction dis- 
appeared ; this required about one and a-half times the quantity 
of methyl sulphate calculated to react with the sodium hydroxide 
present. The mixture became warm during the reaction, and the 
methylated cellulose was then washed and dried. The product 
from five similar consecutive treatments, in which the solution of 
sodium hydroxide employed contained 17 grams per 100 c.c., was 
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finally (sixth treatment) soaked for a week under diminished 
pressure in a more concentrated solution of sodium hydroxide 
(38°3 grams in 100 c.c.), and then treated with sufficient methyl 
sulphate to destroy the alkaline reaction; this required four times 
the calculated quantity of methyl sulphate. In the table of 
quantitative details which follows, the initial weight in each case 
(except the first) is the quantity used of the product from the 
immediately preceding treatment; the final weight is that of the 
washed and dried product: 


; First treatment: 103 grams of cotton wool gave 101 grams. 
0-2023 gave 0-0868 AgIl. OMe=5-28 per cent. 
Second treatment : 99-5 grams gave 95 grams. 
0-3130 gave 0:2719 Agl. OMe=11-48 per cent. 
{ Third treatment: 92 grams gave 86 grams. 
0-2980 gave 0-3153 Agl. OMe=13-98 per cent. 
Fourth treatment : 83 grams gave 79 grams. 
0-3082 gave 0-4374 AgIl. OMe= 18-74 per cent. 
\ Fifth treatment: 74 grams gave 68 grams. 
0-2719 gave 0-4258 Agl. OMe=20-69 per cent. 
Siath treatment :. Concentration of the sodium hydroxide solution 
=38-3 grams in 100 c.c. 

The methylation was carried out on two 
separate portions each of which was treated 
similarly : 65 grams gave 45-6 grams. 

(i) 0-2274 gave 0-4111 AgIl. OMe=23-89 per cent. 

0-1655 gave 0-2986 CO, and 0-1042 H,O. 
C=49-20; H=7-04 per cent. 

(ii) 0-2315 gave 0-4550 Agl. OMe=25-97 per cent. 


ydroxide 
17 grams 


sodium h 
in 100 c.c. 


Concentration of the 
solution 


The combined filtrates and washings from the sixth treatment 
were neutralised and evaporated on the water-bath; while the 
solution remained dilute, a gelatinous substance separated from 
the hot solution, but redissolved when the solution cooled. When 
the solution became more concentrated, part of the gelatinous pre- 
cipitate remained undissolved in the cold solution, but redissolved 
when the salts present were removed by washing with water. A 
small portion was separated and analysed : 


0°1884 gave 0°3376 AgI. OMe=23°68 per cent. 


Hydrolysis. 


The methylated cellulose hydrolysed was the final product from 
the above operations, and contained 23°89—25°97 per cent. of 
methoxyl. It gelatinised when added at 0° to an aqueous solution 
of hydrogen chloride which had been saturated at that tempera- 
ture, and dissolved in a few hours, giving a nearly colourless solu- 
tion, which afterwards turned somewhat brown. The quantities 
used in three experiments were: (1) 12 grams of methylated cellu- 
lose and 260 c.c. of the solution of hydrochloric acid ; (2) 15 grams 
of methylated cellulose and 650 c.c. of hydrochloric acid; 


2364 DENHAM AND WOODHOUSE: 


(3) 15 grams of methylated cellulose and 780 c.c. of hydrochloric 
acid. In each case the mixture of methylated cellulose and hydro- 
chloric acid was allowed to remain for five to six hours at 0°, and 
then for twenty hours at the atmospheric temperature in a closed 
vessel. A current of air was now drawn through the liquid to 
remove part of the hydrochloric acid, and the solution then diluted. 
After polarimetric observations had shown that no further change 
was occurring, the bulk of the water and hydrochloric acid was 
removed by distillation under diminished pressure; the residue was 
diluted with water, neutralised with silver carbonate, and, after 
filtration, shaken with animal charcoal to remove traces of 
colloidal silver. The filtered solution was concentrated under 
diminished pressure, and yielded a nearly colourless syrup of almost 
exactly the same weight as the original material. 

This syrup was extracted first by boiling with ether, and then 
by boiling repeatedly with acetone. The ethereal extract contained 
merely a trace of dissolved matter. The acetone extract contained 
trimethyl glucose, dimethyl glucose, and monomethyl glucose; it 
was from this fraction, also, that the trace of crystalline matter 
suspected to be tetramethyl glucose was separated. The residues 
from the extraction with ether and acetone dissolved readily in 
methyl alcohol; this fraction appeared to contain monomethy]l 
glucose, and possibly glucose. It should be pointed out that the 
solubilities of these sugars, or rather, perhaps, the ease with which 
they dissolve, are greatly modified when they occur together in a 
mixture. Thus trimethyl glucose, which could not be extracted 
by ether from the crude product of hydrolysis, was found to dis- 
solve quite readily in ether when it had been separated from the 
other sugars present in the acetone extract. 

Acetone Extract.—The solution in acetone was concentrated, and, 
on cooling, part of the dissolved substance was precipitated. The 
precipitated syrup was again extracted with acetone, and by repeti- 
tions of these operations the portion most soluble in acetone was 
collected; it remained as a pale yellow, very viscous syrup when 
the acetone was removed by distillation. A molecular-weight 
determination by the cryoscopic method in water showed that it 
consisted essentially of monosaccharides : 


0°3713 gram in 8°098 grams of water gave At—0°39°. M.W.= 
218. 


Trimethyl Glucose.—This was separated from that part of the 
product of hydrolysis which was most soluble in acetone by adding 
ether to its solution in acetone. This precipitated the bulk of the 
dissolved matter. The supernatant liquid was decanted, the 
solvents removed by distillation, and the residue was redissolved in 
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acetone. The same cycle of operations was then repeated several 
times until the syrup left after distillation of the mixture and 
ether crystallised on keeping. The crystals were drained on a 
porous plate, and after several recrystallisations from ether, 
trimethyl glucose was obtained pure in needle-shaped crystals, melt- 
ing ab 110°. (Found, C=48°40; H=808; OMe=41°29. C,H,,0, 
requires C=48°62; H=817; OMe=41°90 per cent.) 

The compound at this stage was essentially the a-form. After 
it had been washed several times with ether it gave a maximum 
initial rotation : 

01424 gram dissolved in 10 c.c. of acetone gave in a 1-dem. 
tube: 


[a]. 
101-12° 
69-52° 


0'2578 gram dissolved in 10 c.c. of methyl alcohol gave in a 


l-dem. tube: 
[a]o. 
103-96° 
67-49° 


As the spontaneous changes were exceedingly slow, the equil- 


ibrium values were obtained after catalysis with a trace of sodium 
hydroxide. The readings were made at room temperature. 

The 8-form has not been isolated ; it appears to be more soluble 
in ether than the a-form. 

The ethereal mother liquors from the crystallisation of the 
trimethyl glucose were precipitated with light petroleum, the super- 
natant liquid was decanted, and the solvents were removed from 
it by distillation. By redissolving the residue in ether and repeat- 
ing the operations just described, a trace of a crystalline substance 
was obtained which was soluble in light petroleum, and had the 
characteristic appearance of tetramethyl glucose. 

Dimethyl Glucose and Monomethyl Glucose.—The syrup soluble 
in acetone, from which trimethyl glucose had been extracted, was 
further worked up so as to separate the more soluble portion which, 
it was presumed, would contain the bulk of the dimethyl glucose. 
62 Grams of this syrup were heated in a sealed tube with 80 c.c 
of a 0°25 per cent. solution of hydrogen chloride in methyl alcohol 
for thirty-two hours, after which time the liquid no longer reduced 
Fehling’s solution. The solution of methylglucosides was then 
diluted with water, neutralised with silver carbonate, and filtered ; 
traces of silver still present were removed by warming the solution 
gently with animal charcoal. 5°7 Grams of a viscid, opaque, pale 
yellow syrup were left behind when the water was removed by 
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distillation under diminished pressure. The syrup was extracted 
repeatedly by boiling with ether. The residue from this extraction 
(about 2 grams) was boiled for forty-five minutes with 50 c.c. of a 
5 per cent. aqueous solution of hydrogen chloride. The solution 
was then neutralised with silver carbonate, filtered, shaken with 
charcoal, and again filtered. After removal of the water, the resi- 
due was extracted with acetone, which removed very little sub- 
stance, then with absolute ethyl alcohol. The material extracted 
by ethyl alcohol was dried in a vacuum at 60°, when it formed a 
hard glass, which gave analytical figures for monomethyl glucose. 
(Found, C=43:12; H=7:29; OMe=17'09. ©C,H,,O, requires 
C=43°27; H=7°27; OMe=15'99 per cent.) 

0°3027 gram dissolved in 10 c.c. of methyl alcohol gave in a 
l-dem. tube a, + 1°92°, whence [a], 63°4°. 

The yellow, viscous liquid left behind when the ether was dis- 
tilled from the ethereal extract obtained from the mixture of 
glucosides was distilled under diminished pressure. The first por- 
tion of the distillate (2°03 grams) was a colourless, viscous liquid 
(b. p. 141°/0°21 mm.). Its methoxyl content showed it to be a 
mixture of trimethyl and dimethyl] glucosides: 

0°1359 gave 0°4956 AgIl. OMe=48'18. 

C,H,,0, requires OMe=41°90; C,,H.,O, requires OMe=52°55 

per cent. 

0°2982 gram dissolved in 10 c.c. of methyl alcohol gave in a 
l-dem. tube a, +1°39°, whence [a], 46°61°. 

The second fraction was, when cold, a colourless, transparent 
glass (b. p. 143°/0°03 mm.). The methoxyl content showed it to 
be dimethyl methylglucoside. (Found, OMe=40°57. C,H,,0, 
requires OMe=41°90 per cent.) 

0°2330 gram dissolved in 10 c.c. of methyl alcohol gave in a 
l-dem. tube a, + 1°87°, whence [a],, 80°26°. 

The remainder of the second fraction was hydrolysed by boiling 
it for fifty minutes with 100 c.c. of a 5 per cent. aqueous solution 
of hydrogen chloride. The solution was neutralised with barium 
carbonate, the filtrate concentrated on the water-bath, and the 
residue dried in a vacuum at 60° and extracted with acetone; the 
dissolved material was dried in a vacuum, again at 60°, and again 
extracted with acetone. Addition of a small quantity of ether 
precipitated any barium chloride still present. The dried syrup 
finally obtained was analysed, and found to be dimethyl glucose. 
(Found, C=46'68; H=7°89; OMe=31'26. C,H,O, requires 
C=4613; H=7°75; OMe=29°81 per cent.) 

0°3908 gram dissolved in 10 c.c. of methyl alcohol gave in a 
l-dem. tube a, + 2°65°, whence [a],, + 67°8°. 
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The residue in the flask after distillation of the dimethyl- 
glucoside was a clear, brown glass—presumably monomethyl 
methylglucoside, but it has not yet been examined. 

Residue Undissolved by Acetone.—The experimental results for 
this portion are given in some detail, in order to indicate the 
grounds for the surmise that glucose is present. The residue dis- 
solved completely in methyl alcohol, except for a trace of colour- 
ing matter. In the case of one of the portions of methylated cellu- 
lose hydrolysed, ether was added to the solution of this residue in 
methyl alcohol; the precipitate, after having been dried, was re- 
dissolved in methyl alcohol and precipitated with acetone, when it 
was obtained as a soft, amorphous material, which hardened when 
it had been washed several times with acetone: 

0°1736 gave 0°2722 CO, and 0°0988 H,O. C=42°77; H=6°37. 

01830 ,, 02870 CO, , 01075 HO. C=4277; H=6°57. 

02320 ,, 01390 AgIl. OMe=7'92. 

The molecular weight was determined by the ebullioscopic 
method in ethyl alcohol and by the cryoscopic method in water: 

02676 gram in 15°02 grams of ethyl alcohol gave At 0°11°. 

M.W.=186. 
0°3772 gram in 22°88 grams of water gave A¢—0°115°. M.W.= 
267. 

A disaccharide, C,3;H,,0,,, would require C=43°80; H=6°79; 
OMe=8'71 per cent. M.W.=356. 

The substance was further purified by repeating several times 
the solution in methyl alcohol and precipitation with acetone. 
When dried in a vacuum at 40° it became slightly brown, and 
melted at 160—165°: 
0°1256 gave 0°0501 AgI. OMe=5'27. 
0°1398 gram in 7°99 grams of water gave At—0°215°. M.W.=151'5. 

The residue insoluble in acetone from the hydrolysis of another 
portion of the same sample of methylated cellulose was extracted 
repeatedly by boiling with ethyl alcohol, and the extracts were 
worked up so as to collect the part most soluble in ethyl alcohol. 
This was obtained finally as a white substance, which separated 
from solution in ethyl alcohol in what appeared to be a crystalline 
powder; when this was examined under the high power of a 
microscope, however, it was found to consist of minute, amorphous 
particles. The methoxyl content pointed to its being monomethyl 
glucose : 

0°1291 gave 0°1278 AgIl. OMe=13°08. 

C,H,,0, requires OMe=15'98 per cent. 


It thus appears that that portion of the product of hydrolysis 
7P2 
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which is nearly insoluble in acetone, but soluble in methyl alcohol, 
and contains only half the percentage of methoxyl which would be 
present in a monomethyl glucose, yields a fraction which approxi- 
mates in composition to a monomethyl glucose; the remainder may 
be glucose. 


The authors would record their appreciation of the interest shown 
in this work by Professor Irvine. 
CHEMICAL RESEARCH LABORATORY, 


UniTEp CoLLEGE oF St. SALVATOR AND Sr. LEONARD, 
UNIVERSITY OF St. ANDREWS, 


CCXX.—A Class of Salts which Contain two Solvents 
of Crystallisation. 


By James Ernest Marsa. 


Many halogen salts, which individually are very sparingly soluble 
in organic solvents, readily dissolve when two are mixed together, 
thereby forming a double salt. One of the two is an alkali or 
alkaline earth salt, and the other the salt of a heavy metal. This 
applies especially to the iodides, less to the bromides, and still less 
to the chlorides. The organic solvents in question belong to the 
following types: alcohols, ethers, esters, ketones, and aldehydes. 
Thus potassium mercuri-iodide, KI,Hgl,, is readily soluble in alco- 
hol, ether, ethyl acetate, acetone, aldehyde, methylal and others, 
although the solubility of potassium iodide and mercuric iodide 
separately is very slight. Frequently such double salts crystallise 
with the solvent. Thus we have a series of alkali-metal silver iodides 
with acetone of crystallisation, ammonium mercuribromide with 
ethyl ether, potassium mercuri-iodide with camphor, and rubidium 
mercuri-iodide with methylal of crystallisation. In some cases, if the 
solvent contains water or if water is added to the solvent, a hydrated 
salt crystallises from the organic solvent. Examples of salts of this 
type are described below. 

Potassium iodide and mercuric iodide in equal molecular propor- 
tions dissolve in hot methyl carbonate, and, on cooling, a salt 
crystallises out. The addition of one molecular proportion of 
water to one of the salt greatly increases the solubility of the 
latter, and the compound KHglI;,H,0,3Me,CO, crystallises out on 
cooling. If more than one molecular proportion of water is added, 
the salt which separates is not altered in composition. As much 
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as ten molecular proportions of water to one of the salt have been 
used. The whole dissolves in hot methyl carbonate, although water 
alone is not appreciably soluble in this solvent. On cooling both 
the salt crystallises, and the excess of water separates as an 
aqueous solution. When a large excess of water is taken, the salt 
which separates is liable to be mixed with a little mercuric iodide. 
This is prevented by taking sufficient potassium iodide in excess 
to saturate the water which separates in the cold. The salt 
KHglI;,H,0,3Me,CO, is also produced by crystallising the hydrated 
salt KHgI;,H,O from methyl carbonate. When the hydrated salt 
is brought into contact with methyl carbonate, the clear, yellow 
crystals immediately begin to disintegrate, and form a nearly 
colourless, bulky precipitate, which dissolves very readily on warm- 
ing, and the new salt then crystallises out. The salt prepared in 
both ways was analysed by determining the loss of weight when 
heated in a current of dry air. The water given off was also found 
by absorption with calcium chloride, and the potassium iodide, 
left after ignition at a low temperature, was weighed. 

Found, H,O + Me,CO,=31°43, 31°37, 31:06; H,O=2'14. 
KHgI;,H,0,3Me,CO, requires H,O + Me,CO,= 31°72; H,O =1°'98 
per cent. 

The dried salt gave KI=26°75; KHgl, requires KI=26°77 per 
cent. 

The salt begins to lose methyl carbonate on exposure to the air 
at the ordinary temperature. It is difficult, therefore, to guard 
against a slight loss of methyl carbonate during the manipulation 
of the crystals before weighing. It does not lose the whole of the 
methyl carbonate even when heated for some time at 100°, but still 
retains one molecule. In order to remove the whole of the methyl 
carbonate and the water, the salt was heated to about 160°. 

The ammonium salt was prepared in a similar way. Ammonium 
iodide and mercuric iodide in molecular proportions dissolve 
sparingly in methyl carbonate, but on the addition of one mole- 
cular proportion of water, solution takes place readily, and the 
salt, NH,HgI,,H,O,2Me,COg, crystallises on cooling. This salt also 
eforesces on exposure to air. 

Found, H,O + Me,CO,= 24°77 ; H,O = 2°27. 
NH,HgI,,H,O,2Me,CO, requires H,O + Me,CO, = 24°86; H,O= 2°26 

: per cent. 

The rubidiwm salt, RbHgI;,H,O,2Me,CO,, was found to be too 
insoluble to dissolve in any moderate amount of the solvent. It 
was obtained as a crystalline powder by adding the well-crystal- 
lised salt RbHgI,,H,O to methyl carbonate. It loses the whole 
of its water and methyl carbonate at about 100°. 
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Found, H,O + Me,CO, = 21°86; H,O =2°00. 

RbHglI;,H,O,2Me,CO, requires H,O + Me,CO,= 22°91; H,O=2°08 
per cent. 

The sodium salt was found to be so soluble that it did not 
crystallise until the whole solution set to a solid crystalline, yellow 
mass. By taking the theoretical amounts of sodium iodide, 
mercuric iodide, and water, the quantity of methyl carbonate re- 
quired to form the dry, crystalline mass was determined. The 
quantities used were: sodium iodide, 2°505 grams; mercuric iodide, 
7560 grams; water, 0°296 gram; and methyl carbonate, 1°5816 
grams. Although no great accuracy is claimed, the result agrees 
with the formula NaHgI,,H.O,Me,CO,. 

Sodium iodide and silver iodide dissolve in warm methyl 
carbonate in the proportion NaI to 2AgI. If less silver iodide 
is taken, some of the sodium iodide remains undissolved. With 
sufficient methyl carbonate, the solution separates into two layers. 
The lower layer contains nearly the whole of the salts, the upper 
layer only a trace. On cooling, the lower layer solidifies to a mass 
of crystals. The addition of water causes liquefaction and also 
diminution in volume of the lower layer. Further addition of 
water brings about a fresh separation of crystals. When sodium 
iodide and silver iodide are mixed with methyl carbonate and 
water is added, the salts dissolve in equimolecular proportions, and 
in these proportions the best crystallisation is obtained. When 
prepared in this way, the crystals have the composition 
NalI,AgI,2H,0,2Me,COsg. 

Found, Me,CO,=30°3; H,O=6°4. 

NalI,AgI,2H,O,2Me,CO, requires Me,CO,=29°9; H,O=6°0 
per cent. 

The dried salt gave Agl=62°2; NaI,AgI requires AgI=61°5 
per cent. 

The potassium salt was prepared in a similar way, and obtained 
in nearly colourless crystals of the formula KI,AgI,H,O,Me,COs. 

Found, Me,CO,=17'77 ; H,O=3°43. 

KI,AgI,H,O,Me,CO, requires Me,CO,=17°68; H,O=3'54 per cent. 

The dried salt gave AgI=58'4; KI,AgI requires AgI=58'5 per 
cent. 


I wish to acknowledge the help of a grant from the Royal Society 
towards the expenses of this work. 


University CHEMICAL LABORATORY, 
OxForD. 
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CCXXI.—Interaction of Alkali Alkyl Sulphates and 
Alkali Nitrites: Theories of the Formation of 
Aliphatic Nitro-compounds. 


By Pancninon NeEoct. 


Ray and Neogi (T., 1906, 89, 1900) have shown that nitroethane 
and ethyl nitrite are both produced by the interaction of alkali 
nitrites and alkali salts of ethylsulphuric acid. On account of the 
theoretical importance of the general reaction of the formation of 
aliphatic nitro-compounds from alkali nitrites a systematic study 
of the reaction with respect to other alkylsulphuric acids has been 
undertaken. The results show that the reaction is quite a general 
one, and this reopens the general question of the mechanism of the 
formation of aliphatic nitrites and nitro-compounds. Until lately 
it was known that aliphatic nitro-compounds are only produced by 
the interaction of silver nitrite and alkyl iodides. Ray and Neogi 
(P., 1907, 23, 246), however, have shown that nitrites and nitro- 
compounds are both produced by the interaction of alkyl iodides 
and mercurous nitrite. It is now shown that nitro-compounds may 
be prepared by the action of alkali nitrites as well. 

The formation of aliphatic nitrites and nitro-compounds is thus 
analogous to the formation of cyanides and isocyanides by the 
reaction of silver cyanide with alkyl iodide, and of alkali cyanides 
with the alkali salts of alkylsulphuric acids. In view of this 
analogy, the applicability of the theories advanced in the case of 
cyanides and isocyanides may be discussed with advantage in con- 
nexion with the formation of nitrites and nitro-compounds. 

(a) Tautomerism.—Laar’s idea of tautomerism seems to be 
scarcely applicable to nitrites and nitro-compounds. In the first 
place, it is indisputable that nitrous acid has the constitution 
HO-NO as aqueous solutions of nitrous acid with alcohols yield 
nitrites only and not nitro-compounds. It therefore follows that 
alkali nitrites and silver nitrite, formed by the action of the 
corresponding hydroxides on the acid, cannot possess both hydr- 
oxylic and nitro-constitutions, although Reynolds without assigning 
any particular reason is disposed to think that “isomeric metallic 
nitrites of both types exist which are also tautomeric in a marked 
degree” (T.. 1903, 88, 643). As regards silver nitrite, Divers (T., 
1883, 48, 455; 1885, 47, 205) was of the opinion that it has a 
nitro-constitution, whilst Ray and Gajiguli (P., 1905, 21, 278) 
attempted to show that there are two varieties of silver nitrite, 
one obtained by precipitation and the other by careful recrystal- 
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lisation of the precipitated nitrite. The author has, however, 
found that both varieties yield the same proportion of aliphatic 
nitro-compounds when reacting with ethyl iodide, and agrees with 
Divers (P., 1905, 21, 281), who maintained that the difference 
between the two is merely a physical one. With respect to mer- 
curous nitrite Ray and Sen (T., 1903, 83, 491) think, owing to the 
formation of mercuric oxide in the products of the decomposition 
by heat, that “the atoms in some of the molecules of the nitrite 
arrange themselves as Hg-NO,, the non-oxylic form, and in others 
assume the oxylic form HgO-NO, scission taking place in each 
case at the indicated point.” It is inconceivable, however, that 
such a heavy atom as that of mercury would oscillate between 
nitrogen and oxygen in the manner suggested by Ray and Sen. 
Moreover, the very idea of silver, mercurous, or alkali nitrites being 
tautomerised runs counter to Laar’s hypothesis, which is based on 
the mobility of the light hydrogen atom, and Wade (T., 1902, 81, 
1607) well puts it in the case of silver cyanide when he says “ its 
extension to the heavy silver atom is not justified dynamically ; 
an atom cannot vibrate in a stable condition around a group of 
one-fourth of its mass.” 

A modified form of tautomeric explanation has been offered by 
Ray and Neogi (T., 1906, 89, 1905), who remark that ‘the more 
correct view would seem to be that it is only during the substitu- 
tion of the atom of the metal by the alkyl radicle that a tautomeric 
change takes place.” This argument sounds plausible, although in 
this case also the comparative immobility of heavy higher alky] 
radicles has not been considered, and a still greater objection arises 
from the fact that when substitution takes place between the alky! 
radicle and hydrogen in the interaction of alcohols and nitrous 
acid, no tautomeric change takes place, as only nitrites are formed, 
and no nitro-compound. It seems, therefore, that some explana- 
tion other than tautomeric change would be more suitable. 

(b) Isomeric Conversion. — Following Gautier’s hypothesis 
(Compt. rend., 1867, 65, 468) of the possibility of isomeric con- 
version of cyanides and isocyanides, the isomeric conversion of 
nitrites into nitro-compounds at a higher temperature may be 
advanced as a possible hypothesis. The nitrite, of course, is 
formed by direct interchange as the inorganic nitrites possess oxylic 
constitution, and, at a higher temperature, becomes partly con- 
verted into the nitro-compound. This hypothesis has the merit of 
simplicity, and as the conversion would take place at a higher 
temperature it also explains why in the case of nitrous acid only 
the nitrite is obtained. The reaction between silver or mercurous 
nitrite and alkyl iodides takes place at 100°, and that between 
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alkali nitrites and alkyl sulphates at higher temperatures. Moreover, 
the reaction in all cases takes several hours for completion, during 
which time the nitrite may slowly be converted into the nitro- 
compound until an equilibrium is reached, although it is difficult 
to explain how methyl and ethyl nitrites, which are gaseous at the 
ordinary temperature, would be capable of such isomeric conversion. 
In any case, experimental evidence of the conversion of nitrites 
into nitro-compounds is lacking, and until such evidence is forth- 
coming it would be difficult to say definitely whether the hypo- 
thesis of isomeric conversion would explain the formation of nitro- 
compounds in all cases. 

(c) Additive Hypothesis—Nef (Annalen, 1892, 270, 329) intro- 
duced the idea of intermediate additive compounds in the case of 
cyanides and tsocyanides, which has been accepted and modified by 
Wade (T., 1902, 82, 1596). The formation of nitro-compounds 
may also be readily explained on the additive hypothesis in the 
following manner, the nitrite being formed by direct interchange. 

(i) Silver nitrite and alkyl iodides, 

AgO:N:0 + EtI= AgO-NEt-OI= O:NEt:0 + AgI. 
Mercurous nitrite behaves in a similar manner with ethyl iodide. 
(ii) Alkali salts of alkylsulphuric acids and alkali nitrites: 

KO-N:0 + EtKSO,=KO-NEt-O-KSO,=0:NEt:0 + K,SO,. 

The *N:O group behaves in nitrites as °N-O-, the alkyl group 
attaching itself to one of the free bonds of the nitrogen atom, and 
the rest of the molecule attaching itself to the oxygen. Silver and 
iodine, mercury and iodine, and potassium and the group KSO, 
being contiguous to each other naturally combine with each other 
and separate out. Experimental evidence, however, in this case 
also is lacking, as no such intermediate compounds have been 
actually isolated. 


EXPERIMENTAL. 


With regard to the reaction between alkali nitrites and alkali 
salts of alkylsulphuric acids the following general facts should be 
noted in connexion with the experimental results: 

(1) The reaction takes place only during fusion, there being no 
reaction if fusion does not occur. During fusion much alcohol is 
produced, and the reaction may be considered to take place in the 
presence of the corresponding alcoholic medium. 

(2) A few drops of water, when added, help the reaction by lower- 
ing the temperature at which the reaction begins, although the 
yield is smaller. The reaction evidently takes place in some liquid 
menstruum, and seems to be ionic in nature. 

(3) Nitric oxide is given off in all the reactions, and is due to the 
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action of free sulphuric acid, obtained by the partial hydrolysis 
of the salts of alkylsulphuric acids, on the alkali nitrites. The 
potassium salt of amylsulphuric acid is the least stable of the 
potassium salts, and the yield of amyl nitrite is consequently the 
smallest, the yield of nitrite diminishing as the series is ascended. 

The apparatus employed in the case of the salts of methylsul- 
phuric acid* was slightly different from what was used in the 
case of the salts of ethylsulphuric acid (Ray and Neogi, T., 1906, 
89, 1900). The mixture was contained in a round-bottomed flask 
with a short neck (instead of a glass retort), provided with an 


[With Brrenpra BuusHan ApDHICARY.|] 


Yield Yield Temperature Oil 
of nitro- of at which ob- 

Alkyl compounds. nitrite. reaction tained. 

sulphate. Grams. Nitrite- Grams. Grams. Grams. commences. Grams. 

Sodium 

methyl*.. 26 Potassium 94 2-2—26 0-86—1-1 110° 

Sodium 

methyl... 26 Sodium 20—2:2  0-5—0-7 105° 

Sodium 

methyl... 26 Barium } 1-2 0-86 85° 
(hydrated) 

Sodium 

methyl... 26 Calcium 1-0 0-6 80° 
(hydrated) 

Potassium 

methyl}.. 30 Sodium 2-4 110° 

Potassium 

methyl... 30 Potassium 4 1-4 110° 

Potassium 

methyl... 30 Barium 1-0 80—85° 
(hydrated) 

Potassium 

methyl... 30 Calcium 16 1-1 0-6 80—85° 
(hydrated) 


* When the apparatus was disconnected a strong odour of methylamine was 
observed in the issuing gas which instantly turned red litmus blue. The formation 
of methylamine was probably due to the partial reduction of nitromethane by the 
potassium nitrite, which was already present in excess. The gas also contained 
ammonia, which would be due to the decomposition of hydroxylamine formed by the 
reduction of methyl nitrite by means of potassium nitrite. The formation of 
ammoniacal compounds in the case of all the methyl compounds is remarkable, a3 
the corresponding amines were not formed in the case of the higher members of the 
series. It is to be noted that Wade (‘T., 1902, 81, 1596) also obtained the corres- 
ponding amines in the interaction of alkali cyanides and the alkali salts of alkyl- 
sulphuric acids. 

+ Yield of nitro-compound about 20 per cent. of the theoretical. No liquid of 
higher boiling point as in the case of the ethyl compound. 


* Kaufler and Pomeranz (Monatsh., 1961, 22, 492) and Walden (Ber., 1907, 40, 
3214) have prepared aliphatic nitro-compounds by the interaction of methyl sulphate 
and a solution of potassium nitrite. 
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Yield Yield Temperature Oil 

of nitro- of at which ob- 
Alkyl compounds. nitrite. reaction tained. 
sulphate. Grams. Nitrite. Grams. Grams. Grams. commences. Grams. 


0-8—1-:0 0-1—0-2 85—90° 


30 =60-8—1-0 0-2 85—-90° 
(hydrated) 
Potassium 
propyl*... 35 Sodium 14 2-0 0-5 90° 
(127—131°) 
Potassium 
propyl... 35 Potassium 15 2-2 0-6 90° 
(127—130°) 
Potassium 
propyl... 20 Barium 13 | 
(hydrated) 
Calcium 10 
(hydrated) 


2-6 


Potassium 

isobutyl+ 20 Sodium g 2-6 0-4 135—140° 3-5 
(186—145°) (below 75°) 

Potassium 

isobutyl.. 20 Potassium 11 2-8 0-5 135—140° 4-2 

Potassium 

isobutyl.. 20 Barium 13 0-8 —_— 130° 1-7 


(hydrated) 
Potassium 


isvbutyl.. 20 Calcium 9&9 0-4 130° 0-9 
(hydrated) 
Potassium 


issamyl.. 20 Sodium 9 130—135° 4-1 


2-5 0-9 
(150—155°) (below 100°) 


Potassium 

issamyl.. 20 Potassium 11 2-7 0-8 130—135 43 
Potassium 

issamyl.. 20 Barium 11 2-2 0-4 130° 4-6 

(hydrated) 

Potassium 

isoamyl.. 20 — = 2-3 0-4 — 5-5 

* The oil obtained after the distillation of the residue in the case of propyl, 
isobutyl], and 7soamy! compounds consists of a mixture of the corresponding nitrite 
and nitro compound, together with small quantities of the corresponding alcohol. 
It is difficult to separate them, and the weights given are only approximate. 

+ The oil obtained in the case of isobutyl, and especially amyl compounds, 
contains a good deal of the corresponding alcohol. 


upright condenser. The flask was immersed in an oil-bath instead 
of a glycerol-bath. The reaction was conducted in a current of 
carbon dioxide, and methyl nitrite was absorbed in 90 per cent. 
alcohol contained in three or four Muencke’s bottles immersed in 
ice-cold water. When the reaction was over, the liquid in the flask 
was distilled under diminished pressure as long as any oil passed 
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over, and the oily layer was separated, washed, and dried. In 
the case of the salts of the higher sulphuric acids, the mixture was 
simply heated in an oil-bath in a flask with an upright condenser, 
and distillation was effected under the ordinary pressure up to 
200°. The nitrite was estimated in alcoholic solution according 
to the method of the British Pharmacopeia, and nitro-compounds 
were further recognised by their characteristic reaction with alco- 
holic sodium hydroxide, when they solidified en masse owing to the 
formation of their sodium compounds. 
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CCXXII.—Some Derivatives of ortho-Vanillin.* 


By Wivti1aAM Henry PERKIN, jun., and Ropert Rostnson. 


AutHoucH the chemistry of vanillin and piperonal has been the 
subject of extended investigation, largely on account of the ready 
accessibility of these substances, that of o-vanillin (I) and 


o-veratraldehyde (IT) 
OMe OMe 
/ Nome 


\ ono 
(II.) 

is comparatively little known, and it was partly with the view of 
filling this gap and partly with definite synthetical aims that the 
experiments described in the present communication were insti- 
tuted. The following pages contain an account of the benzoic acid, 
benzyl alcohol, cinnamic acid, phenylpropionic acid, hydrindone, 
and other simple derivatives of the o-veratric series, and these we 
need not discuss in this introduction, since they were all prepared 
by well-known methods. 

o-Veratraldehyde condenses with ethyl cyanoacetate in the 
presence of piperidine, with the formation of ethyl a-cyano-2: 3- 
dimethoxycinnamate (III), and this is converted by the action of 
sulphuric acid into ethyl 2-imino-8-methorycoumarin-3-carbozylate 
(IV), a reaction which involves the hydrolysis of a benzenoid 


* Much of the experimental work described in this and the two following papers 
was carried out in the laboratories of Manchester University during 1910—1913. 
In some respects the investigations are not so complete as was intended, but as there 
is no immediate prospect of the subject being taken up again, it was though best to 
publish the results in their somewhat incomplete form (W. H. P. ; R. R.). 
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methoxy-group under very simple conditions, and the nature of the 
product seems to be proved by the fact that, on hydrolysis, it yields 
8-methoxycoumarin-3-carboxzylic acid, the ethyl ester of which (V) 
is also produced when o-vanillin is condensed with ethyl malonate 
in the presence of piperidine (p. 2382) : 


MeO MO O 
/\oMe a YY Norn 


\_ /OH:C(ON)CO, Bt sil \ Ag Ze CO, Et 


a 
CO, Et MeO O 
PLB 
CH, an co 
CO, Et % J\ 7 CO, Ht 
CH 
(V.) 

This reaction is somewhat similar to another case of the elimina- 
tion of a methoxy-group which has been observed during the course 
of this research. 2-0-Veratrylidene-5 : 6-dimethozxy-1-hydrindone 
(Vi, p. 2385) is obtained by condensing o-veratraldehyde with 
5: 6-dimethoxyhydrindone in the presence of alkali, and this sub- 
stance dissolves in sulphuric acid to a brick-red solution which 
contains the sulphate (VII), since it is decomposed by water with 
separation of the original unsaturated ketone. When, however, 
the red solution is allowed to remain, it soon becomes orange, and 
now contains the anhydro-sulphate of the pyranol base (VIII), a 
change which involves the elimination of a benzenoid methoxy- 
group. 

HSo, 
MeO MeO OMe 


/oMe 90-0,H,(OMe),_, (7% — G(OH)-0,H,(OMe), 


A cu O8s Acne th > 
(VI.) (VIi: red.) 
HSO, 


MeO O 
/\7N0-0,H,(OMe), 


Ago et 


dihaas : orange. ) 


It will be seen that the o-quinonoid arrangement of the inter- 
mediate salt furnishes an explanation for the subsequent hydrolysis 
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of the methoxy-group, and it does not seem improbable that a 
similar assumption may account for the other example of this 
process. In this case, the course of the reaction may be repre- 
sented by the following expressions, of which the additive product 
of methyl hydrogen sulphate (IX) and the o-quinone (X) are the 


intermediate stages: 
HSO, 


MeO MeO ome 
( \oMe - { oe 
\ZNoH:0(CN)-CO, Et WAN: C-C0, Bt 

(IX.) 


MeO O 
/N/N¢: NH 


a CO, Et 


aes 


When 2-0-vanillylidene-5 : 6-dimethoxy-1-hydrindone (p. 2385) is 
treated with hydrogen chloride, it yields orange crystals of the 
pyranol anhydro-chloride corresponding with VIII, and the 
anhydro-ferrichloride, 

FeCl, 
MeO O 
SYS 0-0,H (OMe), 
is —wrs: 
CH 
is a_ brick-red, crystalline substance. A condensation of interest 
from the point of view of the synthesis of certain alkaloids is that 
which takes place when o-veratraldehyde is heated with amino- 
acetal, resulting in the formation of 2: 3-dimethoxybenzylidene- 
aminoacetal, and this is converted into 6: 7-dimethoxyzsoquinoline 
by saturating the solution in 72 per cent. sulphuric acid with 
hydrogen chloride at 0° (p. 2382). 


MeO MeO 

Meo” \GH:!N-CH,-CH(OEt), —> Mc0% i \w 
| | 

\Z4 sy No 

o-Veratraldehyde also condenses with glycine ester (p. 2383), but 
we were unable to convert the ethyl 2: 3-dimethorybenzylidene- 
aminoacetate, C,H;(OMe)-CH:N-CH,°CO,Et, into the correspond- 
ing isoquinoline derivative. 

A synthesis of hemipinic acid was accomplished by converting 
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4:5-dimethoxy-l-hydrindone into the oximino-derivative (p. 2389), 
and then oxidising this in alkaline solution with permanganate. 
M-O MeO 


MeO Me0/ \CO,H. 
\ Jco,H 
— 


Another matter of general interest arises from the study of the 
nitration of o-veratraldehyde. It will be seen that the positions 
aand 6 in the formula for this aldehyde are symmetrically placed 
with regard to the methoxy-groups, and it might therefore have 
been supposed that the aldehyde group would exercise the usual 
directive influence to the m-position, and that the hydrogen atom 
in the position 6 would be replaced by the nitro-group. 

MeO MeO 
Me0/ \cHo _, Meo Nou . 


Nut ws 
é NO, 


i, ' | 
| Gg2>C:N-OH oni 
P 


As a matter of fact, the product consists, apparently, entirely of 
the o-nitro-aldehyde, and we were unable to detect the presence 
even of traces of an isomeride. The ortho-position of the nitro- 
group was proved by the production of tetramethoxyindigotin by 
the condensation of the nitrated aldehyde with acetone in the 
presence of aqueous alkali (p. 2390).* 

MeO MeO OMe 


Me0/ \CHO  _, Me0/ SCO Go—-” Nome, 
\ INO ene oD 
Wwe rrr tl 

NH Xu 


The probable explanation of this unexpected formation of the 
o-nitro-aldehyde seems to be that the negative aldehyde group 
neutralises the directive power of the methoxy-group adjacent to 
it; the second methoxy-group then directs the substitution to the 
para-position. 

On oxidation, this aldehyde yields a nitro-acid which, from its 


* An interesting method of formation of indigotin itself, which may be 
mentioned here (compare Eng. Pat. 16181 of 1906), consists in dissolving o-nitro. 
benzoylacetic acid (Needham and Perkin, T., 1904, 85, 154) in two parts by weight 
of potassium hydroxide and fifty parts of water and adding a solution of two parts 
of dextrose in ten of water. If this solution is gradually warmed to 50° and main- 
tained at this temperature for ten minutes. indigotin separates apparently in almost 
quantitative yield (W. H. P.). 
C,H,°CO C,H,°CO CO°C,H, 
2) | + 4H = | ma + 2CO, + 4H,0 
NO, CH,*CO,H NH—C—C—NH 

(compare Duff, this vol., p. 2182). 
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method of formation, can only be 6-nitro-2: 3-dimethoxyhenzoic 
acid, and this, after very careful purification, melted at 179°, and 
gave a methyl ester melting at 81°. Wegscheider and Klemenc 
(Monatsh., 1910, 31, 709), by the nitration of hemipinic acid, 
during which a carboxyl group is replaced by the nitro-group, 
obtained an acid melting at 188—189° (methyl ester, m. p. 
76—77°), which they regard as 6-nitro-2: 3-dimethoxybenzoic acid. 
There is every reason to suppose, as the following scheme shows, 
that their view is correct, and that their acid is identical with the 
nitro-acid obtained by us: 
MeO MeO MeO 
Meo/ \CHO _. Meo” \oo,H _ Meo/ \co,H 


= | | 
\ 0: NO, \ Oat 


but we regard their melting point for the acid as too high. 


EXPERIMENTAL. 


[Wirn Tsan Quo Cuov.}—Fthyl a-Cyano-2 : 3-dimethoxy- 
cinnamate (IIT). 


o-Veratraldehyde (10 grams) and ethyl cyanoacetate (6°2 grams) 
were mixed and heated on the water-bath. The addition of ten 
drops of piperidine caused a rapid condensation, accompanied by 
rise of temperature, and, on cooling, the product set to a solid 
mass, which was dissolved in hot alcohol. The substance separated 
in pale yellow needles from the cooled solution, and, after recrystal- 
lisation from alcohol, melted at 120°: 

0°1454 gave 0°3423 CO, and 0°0768 H,O. C=64'2; H=5°8. 

0°1502 ,, 73 cc. N, at 16° and 756 mm. N=5°6. 

C,,H,;0O,N requires C=64°3; H=5°'7; N=5'3 per cent. 


a-Cyano-2 : 3-dimethoxycinnamic Acid. 


The hydrolysis of the foregoing ester was found to be best accom- 
plished by means of a solution of hydrochloric acid in acetic acid. 
The cyano-ester (10 grams), acetic acid (50 c.c.), and concentrated 
hydrochloric acid (50 c.c.) were boiled until complete solution 
occurred, and then for half an hour longer, after which the yellow 
liquid was added to an excess of water. The bright yellow pre- 
cipitate was dissolved in aqueous sodium carbonate, recovered by 
acidification of the filtered solution, and crystallised from glacial 
acetic acid. The yellow, prismatic needles so obtained were 
sparingly soluble in most organic solvents, and melted at 216°. 
The acid forms a sparingly soluble sodium and potassium salt: 
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0°1070 gave 0°2426 CO, and 0°0471 H,O. C=61'8; H=4°8. 
01376 ,, 76 cc. Ny at 16° and 746 mm. N=6°3. 
C,.H,,0,N requires C=61'7; H=4°7; N=6°0 per cent. 

a-Cyano-2 : 3-dimethoxycinnamic acid can be sublimed without 
decomposition, and, although itself a yellow substance, it dissolves 
in alkalis, yielding almost colourless solutions. On boiling with 
aqueous potassium hydroxide it suffers hydrolysis, with separation 
of o-veratraldehyde, and it yields the ester described above on 
treatment with alcohol and sulphuric acid. 


Ethyl 2-Imino-8-methoxycoumarin-3-carboxylate (IV). 


Ten grams of ethyl a-cyano-2: 3-dimethoxycinnamate were dis- 
solved in 50 c.c. of concentrated sulphuric acid, and when the 
initial rise of temperature had subsided and the liquid had again 
cooled, the mixture was poured inte an excess of water. The clear, 
yellow solution was cooled and treated with aqueous potassium 
hydroxide until the red colour, which appeared in those portions 
where the alkali was in excess, was just about to become permanent. 
The precipitated yellow substance was collected and crystallised 
from ethyl alcohol or from benzene, in either of which it is 
sparingly soluble in the cold. The substance melts and decomposes 
at 139°: 

0°1477 gave 0°3411 CO, and 0°0692 H,O. C=63°9; H=5°2. 

0°1532 ,, 76 cc. Ny at 16° and 758 mm. N=5’7. 

C,3;H,,0,N requires C=63°1; H=5°2; N=5'6 per cent. 

The compound dissolves in sodium carbonate solution with a red 

cclour, changing later to yellow. 


¢-Methoxycoumarin-3-carborylic Acid and its Ethyl Ester (V). 


The imino-compound just described dissolves in 10 per cent. 
aqueous potassium hydroxide to a red solution, which when heated 
on the steam-bath becomes gradually yellow, and at the same time 
ammonia is evolved. On acidifying with hydrochloric acid, a 
yellow precipitate is obtained, which crystallises from acetic acid 
in needles, melting at 210°, and is sparingly soluble in all solvents: 

0°1252 gave 0°2762 CO, and 0°0444 H,O. C=601; H=3°9. 

C,,H,O, requires C=60°0; H=3°6 per cent. 

Ethyl Ester.—(a) This substance results when the corresponding 
acid is boiled for some hours with 5 per cent. alcoholic sulphuric 
acid. It separates from alcohol in colourless crystals, and melts 
at 96°: 

01176 gave 0°2708 CO, and 0°0536 H,O. C=62°8; H=5°0. 

C,3;H,,0, requires C=62°9; H=4°9 per cent. 

VOL, CV. 7 Q 
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(6) The solution of the imino-compound in sulphuric acid was 
diluted with water and allowed to remain during four hours. The 
precipitate which gradually formed was collected, crystallised from 
alcohol, and found to melt at 96°, and at the same temperature 
when mixed with the compound obtained as described under (a) 
and (c). 

(ce) e-Vanillin (10 grams) and ethyl malonate (10°5 grams) were 
heated together on the steam-bath with five drops of piperidine. 
After ten minutes, alcohol was added and the solution allowed to 
cool. The crystals were collected and recrystallised from alcohol, 
when they melted at 96°, and at the same temperature when mixed 
with an equal quantity of the substance derived from the imino- 
compound. (Found, C=62°6; H=4°9 per cent.) 


OMe 


“om 
2: 3-Dimethoxrybenzylideneaminoacetal, over ° 
sited 4 /JOH:N-CH, CH (OEt)y 


A mixture of o-veratraldehyde (12°5 grams) and aminoacetal 
(10 grams) was heated on the steam-bath during an hour. The 
condensation which occurred was rendered obvious by the separa- 
tion of drops of water, and the cooled product was dissolved in 
ether, the ethereal solution dried, and distilled. After the removal 
of the solvent the whole passed over at 209°/18 mm., and the yield 
was nearly quantitative: 

0°1097 gave 0°2586 CO, and 0°0832 H,O. C=642; H=8'4. 

C,;H,,0,N requires C=64°0; H=8'1 per cent. 

This substance was prepared in order to attempt its conversion 
into dimethoxy¢soquinoline (Riigheimer and Schén, Ber., 1909, 42, 
2374, also attempted this, but without success), but the results of 
these experiments were very disappointing as far as the yield 
obtained was concerned. The base was, however, isolated in the 
form of its picrate. 

2: 3-Dimethoxybenzylideneaminoacetal was dissolved in fourteen 
times its weight of 72 per cent. sulphuric acid previously cooled 
to 0°. The solution was then saturated with hydrogen chloride, 
and maintained below 0° during ten days, and at the room tempera- 
ture for three further days, after which the product was mixed 
with powdered ice. The solution was extracted with ether in order 
to remove small quantities of neutral substances, then rendered 
strongly alkaline, and again extracted with ether. The ethereal 
solution was dried, evaporated, and the oily residue, which could 
not be crystallised, converted into the picrate, which crystallised 


SOME DERIVATIVES OF ORTHO-VANILLIN. 2383 


from methyl ethyl ketone in yellow prisms. (Found, N=13'1. 
Calc., N=13°3 per cent.) 

The base recovered from this picrate by treatment with sodium 
hydroxide possessed the characteristics of ¢soquinoline derivatives, 
and was unchanged by treatment with boiling concentrated hydro- 


chloric acid. 


Ethyl 2: 3-Dimethorybenzylideneaminoucctate, 
OMe 
3 oMe 
ae 

In effecting a condensation between glycine and o-veratraldehyde, 
it was found necessary to employ the free ethyl ester of the amino- 
acid, which was prepared by the decomposition of the ester hydro- 
chloride by silver oxide in presence of ether. 

Equimolecular quantities of o-veratraldehyde and glycine ethyl 
ester were warmed together on the steam-bath during two hours. 
The product could not be purified either by crystallisation or dis- 
tillation, but an approximate analytical result was obtained from 
a specimen treated as follows. The crude product was dissolved 
in pure ether and washed with a solution of sodium hydrogen 
sulphite to remove any unchanged aldehyde, and then with very 
dilute hydrochloric acid to remove glycine ester. The dried solu- 
tion was then evaporated, and the oily residue exposed to sulphuric 
acid in a vacuum desiccator : 

0°1086 gave 0°2476 CO, and 0°0698 H,O. C=62'1; H=7'1. 

C,3H,,0,N requires C=62°1; H=6°7 per cent. 

Numerous attempts were made to induce this substance to yield 
a cyclic base or isoquinolone, but without success. The explana- 
tion of the failure is to be found in the ready hydrolysis of the 
condensation product, and for this reason it was also not possible 
to prepare the acid corresponding with the ester. In experiments, 
made with this object, o-veratraldehyde was always produced. 


OMe 


\oMe ° 


|Wira Watter Morrevt Ropers. |—o-Veratric Acid, | CO.H 
2 


bd 

Although derivatives of this substance have been frequently 
described, the acid itself has apparently not been characterised, 
and we therefore prepared it by oxidation of o-veratraldehyde. 
The aldehyde was dissolved in acetone and treated at the room 
temperature with a solution of potassium permanganate (3 per 


cent.) until a permanent pink colour was produced. The solution 
7Q 2 
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was heated, filtered, concentrated, and acidified with hydrochloric 
acid. The colourless, crystalline precipitate was collected and re- 
crystallised from hot water, in which the acid is far more soluble 
than veratric acid itself. It separated in fern-like aggregates of 
prisms, melting at 122°: 

0°1208 gave 0°2617 CO, and 0°0604 H,O. C=59'1; H=5°6. 

C,yH,,0O, requires C=59'°3; H=5'5 per cent. 

Methyl Hster—This compound, the first stage in Fritsch’s 
synthesis of meconine (Annalen, 1898, 301, 356), had been 
previously obtained by the methylation of guaiacolearboxylic acid. 
We prepared it by boiling o-veratric acid with 5 per cent. methy]l- 
alcoholic sulphuric acid, and found that it melts, as stated by 
Fritsch, at 47°. 


2: 3-Dimethoxybenzyl Alcohol (0o-Homoveratryl Alcohol), 
OMe 
/\NoMe 

'CH,"OH 


\4 


Two methods were employed in preparing this substance: 

(a) o-Veratraldehyde (10 grams) dissolved in a mixture of 
alcohol (250 c.c.) and water (100 c.c.) was gradually treated with 
3 per cent. sodium amalgam (150 grams), with constant stirring. 
The solution was acidified and distilled in a current of steam, and 
the residue remaining in the flask extracted with ether, the ethereal 
solution dried, and evaporated. The oily residue gradually solidi- 
fied, and was recrystallised from a concentrated solution in ether, 
from which it separated in colourless prisms, melting at 46—48°: 

0°1183 gave 0°2791 CO, and 0°0765 H,O. C=64:0; H=7°2. 

C,H,,0, requires C=64°3; H=7'1 per cent. 

(6) o-Veratraldehyde was boiled with 20 per cent. potassium 
hydroxide solution for several hours, and the cooled liquid ex- 
tracted with ether. After washing the extract with sodium 
hydrogen sulphite solution, it was dried and evaporated, and the 
residue allowed to crystallise. The crystals obtained were identical 
with those produced as in (a). The alkaline solution on acidifica- 
tion yielded o-veratric acid. 


1: 3-Diketo-2-o-veratrylidenehydrindene, 
OMe 


“NOMe 


© 00 
q ELK GO> CoH 


In order to prepare this substance, equimolecular proportions 
of 1: 3-diketohydrindene and o-veratraldehyde were cautiously 
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melted together until water ceased to be produced. Alcohol was 
then added, and the brownish crystals were collected and crystal- 
lised from acetic acid. The bright yellow needles thus obtained 
melted at 160°, and were very sparingly soluble in alcohol: 


0°0816 gave 0°2190 CO, and 0°0347 H,O. C=73'2; H=4°7. 
C,,H,,0, requires C=73°5; H=4'8 per cent. 


The substance dissolves in sulphuric acid to an orange solution, 
and is recovered unchanged on the addition of water. This 
observation goes to show that, in the case of the elimination of a 
methyl group, which is described below, it is the tendency to pro- 
duce the anhydropyranol ring which is mainly operative. Where, 
as in the present case, this tendency is absent, then the sulphuric 
acid alone in the cold is not able to hydrolyse the methoxy-group. 


2-0-Vanillylidene-5 :6-dimethoxry-1-hydrindone, 
OMe 
4 ‘ou 
\ Jo ars os H,(OMe),. 

This substance was obtained when o-vanillin (5 grams) and 
5: 6-dimethoxyhydrindone (5 grams), together with potassium 
hydroxide (4 grams), were boiled in methyl-alcoholic solution 
(50 c.c.) during half an hour. The liquid was then acidified with 
acetic acid, and the sparingly soluble yellow precipitate recrystal- 
lised from tsoamyl alcohol. The substance forms yellow rhomboids, 
very sparingly soluble in most solvents, and melting at 205°. It 
dissolves in alkalis, yielding red solutions: 


0°1125 gave 0°2882 CO, and 0°0566 H,O. C=69'9; H=5°6. 
C,,H,,0; requires C=69°9; H=5'5 per cent. 


2-0-V eratrylidene-5 : 6-dimethoxy-l-hydrindone (VI) is formed 
when equal quantities of o-veratraldehyde and of 5:6-dimethoxy- 
hydrindone, dissolved in warm alcohol, are treated with a few drops 
of concentrated potassium hydroxide, when in a short time the 
condensation product separates as a crystalline mass. The sub- 
stance was collected and recrystallised from methyl alcohol, and so 
obtained in very pale yellow needles, melting at 186°: 

0°1274 gave 0°3289 Co; and 0°0688 H,O. C=70°4; H=6°0. 

C>H)0; requires C=70°6; H=5'9 per cont. 
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8-4! : 5/-Trimethoxy-2 :3-undeno-1: 4-benzopyranol Anhydro- 
FeCl, 
MeO O 
Fa al lites 


ferrichloride, |_| 


AAAS 
CH OH, 


OMe 


This interesting substance was obtained in the following 
different ways: 

(a) Five grams each of o-vanillin and 5: 6-dimethoxyhydrindone 
were dissolved in glacial acetic acid, and the solution saturated 
at the room temperature with hydrogen chloride. Orange crystals 
of the pyranol anhydro-hydrochloride separate after some time, and 
these were collected, dissolved in hot dilute hydrochloric acid, and 
converted into the ferrichloride by the addition of an excess of 
ferric chloride dissolved in concentrated hydrochloric acid. The 
precipitated brick-red substance was collected and crystallised from 
a large volume of acetic acid, in which it is very sparingly soluble, 
and from which it separated in deep red prisms, melting at 240°: 


0°1001 ‘gave 0°1645 CO, and 0°0318 H,O. C=448; H=3°'5. 
C,9H,,0,,FeCl, requires C=45°1; H=3°4 per cent. 

In view of the intense fluorescence exhibited by the correspond- 
ing salt from pmethoxysalicylaldehyde and dimethoxyhydrindone, 
it is interesting to note that the above isomeric ferrichloride is non- 
fluorescent in aqueous, or even in concentrated, sulphuric acid 
solution. 

(6) 2-0-Vanillylidene-5 :6-dimethoxy-1-hydrindone (see above) 
yields with cold concentrated hydrochloric acid a brick-red hydro- 
chloride, which is decomposed by water, with the formation of the 
original unsaturated ketone. If, however, the substance is boiled 
with hydrochloric acid, the brick-red is replaced by an orange 
solution, and the addition of ferric chloride in excess now pre- 
cipitates the above oxonium ferrichloride, melting after crystallisa- 
tion from acetic acid at 240°. 

(c) 2-0-Veratrylidene-5 : 6-dimethoxy-l-hydrindone dissolves in 
sulphuric acid to a red solution, which rapidly becomes orange. 
This colour-change corresponds with the production of the cyclic 
oxonium salt by the elimination of a methoxy-group, and on the 
addition of water the whole of the substance remains in solution. 
For purposes of characterisation, an excess of ferric chloride dis- 
solved in hydrochloric acid was added, and the precipitated double 
salt collected and crystallised from acetic acid. The deep red 
prisms melted at 240°, and were identical in all respects with the 
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substance as obtained according to (a) or (6). This elimination 
of a methyl group at such a low temperature may be taken as sup- 
porting the view that the red, unsaturated ketone salts are 
quinonoid. 


OMe 
MeO’ ‘\CH:CH-C0,H. 
Sy 


This acid is best obtained by the hydrolysis of its ester, which 
in its turn results from the condensation of o-veratraldehyde and 
ethyl acetate by means of sodium. We have also obtained it by 
means of the Perkin synthesis and by Knoevenagel’s method. 

o-Veratraldehyde (20 grams) dissolved in ethyl acetate (50 grams) 
was poured on granulated sodium (5 grams), and the flask care- 
fully cooled in order to moderate the vigorous reaction which 
ensued. When the action had slackened, the mixture was warmed 
on the steam-bath for a few minutes, and then allowed to cool. 
An excess of methyl-alcoholic potassium hydroxide was now added, 
and the solution boiled, after which the product was diluted with 
water, and the liquid concentrated on the steam-bath. The acid 


2: 3-Dimethozycinnamic Acid, 


was precipitated from the alkaline solution by means of hydro- 
chloric acid, collected and crystallised first from acetic acid, and 
then from ethyl acetate, and was thus obtained in magnificent 
glistening needles, melting at 180°. It is sparingly soluble in 
water and most organic solvents: 


0°1269 gave 0°2944 CO, and 0°0660 H,O. C=63'4; H=5'8. 
C,,H,,0, requires C=63'°5; H=5°8 per cent. 


OMe 
McO/” \CH,-CH,-CO,H. 
7 


In preparing this acid, it was found very necessary to start with 
the corresponding cinnamic acid in a high state of purity. 

A solution of 2: 3-dimethoxycinnamic acid (10 grams) in dilute 
aqueous sodium hydroxide (200 c.c.) was reduced by means of 
2 per cent. sodium amalgam (300 grams). The liquid was 
mechanically stirred during this operation, and the end-point of 
the reaction could be easily determined by means of the perman- 
ganate test. The solution was carefully acidified by the addition 
of hydrochloric acid, and the precipitated acid collected and 
crystallised from a mixture of benzene and light petroleum (b. p. 


2: 3-Dimethoxy-B-phenylpromone Acid, 
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50—60°), from which it separated in colourless prisms, melting at 
69—70°: 
0°1185 gave 0°2725 CO, and 0°0730 H,O. C=62°7; H=6°8. 
C,,H,,0, requires C=62°9; H=6°7 per cent. 


OMe 


4: 5-Dimethoxy-1-hydrindone, MeO CH on, 
wd 

In preparing this substance, 2: 3-dimethoxy-8-phenylpropionic 
acid (30 grams) dissolved in benzene (250 c.c.) was gently heated 
on the steam-bath with phosphoric oxide (100 grams) during one 
and a-half hours. The mass acquires a deep bluish-crimson colour, 
and this appears to be due to the formation of an additive product 
of the ketone and phosphoric oxide. The whole was decomposed 
with ice, the mixture extracted with ether, the ethereal solution 
washed with dilute aqueous sodium hydroxide, dried, and 
evaporated. The residue was an oil, which quickly solidified, and 
after contact with porous porcelain to remove oily impurities, the 
substance crystallised readily from light petroleum, or, better, from 
a concentrated solution in pure dry ether. It crystallises in very 
pale yellow plates, melting at 82°, and is readily soluble in organic 
solvents, with the exception of light petroleum: 

0°1166 gave 0°2945 CO, and 0°0683 H,O. C=68'9; H=6°5. 

C,,H,,0, requires C=68°8; H=6°3 per cent. 

The properties of this substance are very similar to those of the 
isomeric 5: 6-dimethoxyhydrindone (Perkin and Robinson, T., 
1907, 91, 1080), and, like the latter, it condenses very readily with 
aldehydes, etc. 


The benzylidene derivative, C,H,(OMe),<, _ >C:CHPh, is 
2 


readily obtained by dissolving equal amounts of the hydrindone 
and of benzaldehyde in warm methyl alcohol, and adding a few 
drops of concentrated aqueous potassium hydroxide. In a few 
minutes the derivative separates, and after recrystallisation from 
alcohol melts at 166—167°. It crystallises in pale yellow needles, 
which are sparingly soluble in cold alcohol, and dissolve in sulphuric 
acid to a red solution : 
0°1139 gave 0°3200 CO, and 0°0578 H,O. C=766; H=5'4. 
C,,H,,0, requires C=77'1; H=5'7 per cent. 

CcO-~_,,. } 

OH OCH CoH, OMe, 
is obtained by replacing benzaldehyde by anisaldehyde in the above 
preparation, and consists of feathery needles, melting at 154°. 


The anisylidene derivative, C;H,(OMe), 
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This pale yellow compound exhibits intense halochromism, and 
becomes brick-red in contact with concentrated aqueous hydro- 
chloric acid : 
01203 gave 0°3235 CO, and 0°0634 H,O. C=73°3; H=5°9. 
Ci9H,,0, requires C=73°6; H=5°8 per cent. 


The oximino-derivative, C,H,(OMe),<) >C:NOH, was pre- 
om 


pared as follows. The hydrindone (10 grams), mixed with methyl 
alcohol (30 c.c.), concentrated hydrochloric acid (5 c.c.), and freshly 
distilled tsoamyl nitrite (15 grams), was maintained at about 50° 
during an hour. The crystals of the oximino-derivative, which 
separated in almost quantitative yield, were collected and recrystal- 
lised from alcohol, and were so obtained in yellow needles, melting 
and decomposing at 244°. The substance dissolves to a yellow 
solution in alkaline hydroxides, or even in sodium carbonate: 
01143 gave 0°2498 CO, and 0°0526 H,O. C=59°6; H=5'l. 
01170 ,, 7:0 cc. Ny at 21° and 751 mm. N=6°9. 
C,,H,,0,N requires C=59°7; H=5°0; N=6°3 per cent. 


Oxidation of the Oximino-derivative: Formation of Hemipinic 
Acid. 

For the purpose of this oxidation, 5 grams of the substance 
were dissolved in the least possible amount of sodium hydroxide, 
100 c.c. of water were added, and the solution was treated at the 
room temperature with saturated aqueous potassium permanganate 
until a permanent pink colour was obtained. The liquid, to which 
a few drops of alcohol had been added, was then boiled, filtered, 
concentrated to a small bulk, acidified, saturated with ammonium 
sulphate, and repeatedly extracted with ether. The combined 
extracts were dried, filtered, and evaporated, and the residue was 
distilled in a stream of ammonia. In this way a quantity of a 
crystalline distillate was obtained, and this was collected and 
crystallised from alcohol, when colourless needles separated, and 
were identified as hemipinimide, since they melted at 229°, and 
the melting point was unaltered when the substance was mixed 
with an equal quantity of hemipinimide obtained by the action of 
hydroxylamine hydrochloride on a boiling alcoholic solution of 
opianic acid. 


6-Nitro-o-veratraldehyde, 


In preparing this derivative, o-veratraldehyde was added, with 
careful cooling, to ten times its weight of nitric acid (D 1°42), the 
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solution allowed to remain during five minutes, and then diluted 
with water. The precipitated nitro-aldehyde was collected and 
crystallised from methyl alcohol, from which it separated in very 
pale yellow needles, melting at 88°. Neither nitro- nor dinitro- 
veratrole could be detected as a by-product of this nitration: 
0°1137 gave 6°6 c.c. N, at 22° and 752mm. N=6°6. 
C,H,O;N requires N=6'6 per cent. 


4:5:4/: 5/-Tetramethozyindigotin, 
MeO OMe 
Me0/ \CON, -,CO-/ SOMe . 

| NH e:C<yH! 
hd ‘ g 


The formation of this compound has particular interest, inasmuch 
as it demonstrates that the product of the nitration of 
o-veratraldehyde is the o-nitro-aldehyde. 

In order to obtain this substituted indigotin, aqueous potassium 
hydroxide (5 c.c. of 10 per cent.) was gradually added during five 
minutes to a solution of nitro-o-veratraldehyde (2 grams) in 
acetone (10 c.c.). The brownish-red liquid was then mixed with 
water (100 cc.) and heated during an hour on the steam-bath. 
The indigotin derivative was collected, and in this condition had a 
slaty appearance, but after crystallisation from acetic anhydride, 
or, better, aniline, it was obtained in needles having the character- 
istic appearance of indigotin, and melting at 267° with partial 
decomposition and partial sublimation : 

0°1085 gave 7°2 c.c. N, at 18° and 752 mm. N=7°7. 

C9H,,0,N. requires N=7°3 per cent. 

Tetramethoxyindigotin behaves as a vat dye, and is readily 
oxidised by nitric acid, but we were unable to isolate the corre- 
sponding isatin derivative. 


[Witn Davip CarpweELt.|}—6-Nitro-2: 3-dimethoxybenzoic Acid, 


The position taken up by the nitro-group in the nitration of 
o-veratraldehyde appeared to us so very curious that we were 
anxious to determine whether or no an isomeric compound is 
formed at the same time. The crude nitro-aldehyde was therefore 
oxidised by means of warm permanganate in the presence of 
sodium carbonate until the colour was no longer discharged. After 
the excess had been destroyed by alcohol, the solution was concen- 
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trated and acidified, and the precipitated acid collected. The 
crude nitro-acid (10 grams) was dissolved in methyl-alcoholic 
hydrogen chloride (75 c.c. of 3 per cent.), and allowed to remain 
for forty-eight hours at the room temperature. Under these con- 
ditions, only a small proportion of the acid was esterified, since, 
on the addition of water, a precipitate almost completely soluble 
in dilute sodium carbonate solution was obtained. It might have 
been expected that the small residue would consist of methyl 
4- or 5-nitro-2: 3-dimethoxybenzoate, either of which should be more 
readily obtained by esterification than the 6-nitro-isomeride; but 
on crystallisation the substance was obtained in colourless needles, 
melting at 81°, and at the same temperature when mixed with 
the ester obtained as described below. The unesterified acid was 
recovered from the alkaline solution by acidification, and crystal- 
lised several times from water, and then from ethyl acetate, and 
was thus obtained in colourless needles, melting at 179°. The 
solution of 6-nitro-2: 3-dimethoxybenzoic acid in hot water or in 
alkalis is yellow, and this appears to be a case to which the Ostwald 
theory of indicators may correctly be applied. (Found, C=47°6; 
H=3°8. Cale, C=47°6; H=3'9 per cent.) 

The methyl ester was prépared by boiling the acid with 10 per 
cent. methyl-alcoholic sulphuric acid for several hours, and was 
purified by crystallisation from methyl alcohol, from which it 
separated in colourless needles, melting at 81°. (Found, C=49°9; 
H=4°5. Cale., C=49°8; H=4'6 per cent.) 


2: 3-Dimethozyphenylparaconic Acid, 
OMe 
roe CH(CO,H) 
MeO, CH<G 54> Hy. 
\4 


In the preparation of this acid, equimolecular quantities of 
o-veratraldehyde, anhydrous sodium succinate, and acetic anhydride 
were maintained at 125° during three and a-half hours. The pro- 
duct was then boiled with water, and neutralised by the gradual 
addition of sodium carbonate, the hot solution was filtered from 
the tar which is always formed in considerable quantity, boiled 
with animal charcoal, filtered, and acidified with hydrochloric acid. 
The paraconic acid separated gradually from the solution in colour- 
less needles, which, after crystallisation from formic acid or 
aqueous acetic acid, melted at 132°. The yield was only about 
20 per cent. of the theoretical : 

0°1243 gave 0°2665 CO, and 0°0624 H,O. C=585; H=5°5. 

C,,H,,0, requires C=58°6; H=5'2 per cent. 
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The Nitro-derivative-—Ten grams of the paraconic acid dissolved 
in 25 c.c. glacial acetic acid were gradually treated with nitric 
acid (25 cc., D 1°42), with constant stirring and cooling. After 
remaining for several hours, water was added, and the precipitated 
acid collected and crystallised from 50 per cent. acetic acid, from 
which the substance separates in pale yellow needles, which melt 
at 203°: 

0°1385 gave 5°9 c.c. N, at 18° and 769 mm. N=4°'8. 

C,3;H,,0,N requires N=4°5 per cent. 

It is clear that the nitro-group in this acid occupies the 6-posi- 
tion, since 6-nitro-2: 3-dimethoxybenzoic acid was obtained as the 
result of its oxidation by means of potassium permanganate in 
alkaline solution at 98°. 

The methyl ester of the nitro-acid was prepared by boiling the 
acid with an excess of 5 per cent. methyl-alcoholic sulphuric acid ; 
it crystallises from methyl alcohol in colourless needles melting at 
125°, and is sparingly soluble in cold alcohol : 

0°2203 gave 0°4048 CO, and 0°0925 H,O. C=51'4; H=4°7. 

C,,H,,O,N requires C=51'6; H=4°6; N=4°3 per cent. 

Several attempts were made to reduce this substance to the 
corresponding amino-derivative, which was required in connexion 
with our experiments on harmaline and harmin, but although there 
were indications, in several cases, that a carbostyril derivative had 
been produced from this amino-derivative by internal condensation, 
we were unable to isolate the substance in a pure state. 


We wish to state that much of the expense of this investigation 
was met by several grants from the Research Fund of the Chemical 
Society, and to express our gratitude for this assistance. 
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CCXXIII.—Some Derivatives of isoCoumarin and 
isoCarbostyril. 


By Davip Barn, Wittiam Henry PErxIn, jun., and 
Rosert Rosinson. 


In a communication published a short time since (Bland, Perkin 
and Robinson, T., 1912, 101, 262), it was shown that oxyberberine 
(I), when heated with dilute hydrochloric acid, is converted by 4 
remarkable change into isooxyberberine (II). 
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O--CH, 
Nb 

CH CH | | 
/\/\o/NY A Peal et 

| 

dl ae Pr ie 

MeO CO OH, MeO CO 

(I.) (TI.) 

This formula for tsooxyberberine represents that substance as 
a derivative of tsocarbostyril, and, in order to further study the 
properties of substances of this class, it became necessary to attempt 
the synthesis of dimethoxyisocoumarin (III) and dimethoxyzso- 
carbostyril (IV) and their derivatives. 

CH CH 
/\/\ou /\/\on 
wari oy sain gee 
MeO CO MeO CO 
(IIL) (IV.) 

tsoCoumarin (VII) has been prepared from f-naphthaquinone 
by oxidation with bleaching powder, when the lactone of o-carboxy- 
phenylglyceric acid (V) results, and this, when heated with hydro- 
chloric acid, is converted into tsocoumarincarboxylic acid (VI). 

CH(OH):-CH-CO,H CH:C-CO,H 
Se itl , —— CH <G0-6 02 
(V.) (VI.) 

The silver salt of the latter acid decomposes on distillation into 
isocoumarin and carbon dioxide, and isocarbostyril (VIII) is 
obtained from ¢socoumarin by the action of alcoholic ammonia. 

CH:CH CH:CH 
aad CH c0-NH 

(V11.) (VIII) 

(compare Bamberger and Kitschelt, Ber., 1892, 25, 892; Bamberger 
and Frew, Ber., 1894, 27, 207; Zincke, Ber., 1892, 25, 1495). 
isoOCoumarin has also been obtained in small quantity by Gabriel 
(Ber., 1903, 836, 573) from nitromethylenephthalide by boiling 
with hydriodic acid. 


C(:CH:NO,) ‘ CH:CH 
C,H, soo ii >0 “—— Ci<o09-} : 


These methods are inconvenient, and have the disadvantage that 
they are not readily applicable to the preparation of derivatives 
of isocoumarin and tsocarbostyril, and, as no other means for 
obtaining these substances has been devised, very little work has 
been done in connexion with this interesting group of substances. 
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In the present communication, a method of synthesis of 
tsocoumarin, isocarbostyril and their derivatives is described which 
should be widely applicable, and depends on the hydrolysis of the 
condensation products of o-aldehydo-acids and hippuric acid. 
Erlenmeyer, jun. (Ber., 1900, 38, 2040; Annalen, 1904, 337, 265; 
compare Pléchl, Ber., 1883, 16, 2815), has shown that, although 
hippuric acid does not seem capable of yielding an anhydride by 
internal elimination of water, the acids of the formula 
R-CH:C(CO,H)-NH-CO-C,H,, 
which result from the condensation of hippuric acid with aldehydes, 
are not obtained as such, but as anhydrides, when acetic anhydride 
is employed as the condensing agent. Thus, for example, when a 
mixture of benzaldehyde and hippuric acid is heated with acetic 
anhydride, the substance which crystallises from the product is 
2-phenyl-4-benzylideneoxazolone, 
CH,CO,H = _ C,H,-CH:¢——CO 
NH:CO-C,H, — N:C(C,H;) 
The hydrolysis of 2-phenyl-4-benzylideneoxazolone leads, in the 
first place, to benzylidenehippuric acid, and this decomposes, on 
boiling with hydrochloric acid, into benzoic acid, ammonia and 
phenylpyruvic acid, a process which may be represented thus: 
C,H,*CH:C-CO,H ities te 
heceus, — O,H,*CO,H and 
C,H,-CH:C(NH,)-CO.H —> NH,+C,H,-CH,°CO-CO,H. 
We have investigated the condensation of methyl phthal- 
aldehydate with hippuric acid in the presence of sodium acetate 
and acetic anhydride, and obtained, in this way, 2-phenyl-4-o- 
carboxrymethylbenzylideneoxazolone : . 
CH,°CO,H 
CO,MeC,H,°-CHO + NH-CO-C,H, 
CO,Me’U,H,-CH:C--——-CO s 
N:C(C,H,)>° + 7H: 
When this methyl ester is hydrolysed with potassium hydroxide, 
it does not behave like 2-phenyl-4-benzylideneoxazolone to yield 
a derivative of phenylpyruvic acid, but the intermediate amino- 
acid loses water and is converted into the lactam, and isocarbo- 
styrilearboxylic acid is formed: 


,H,*CHO + >0O + 2H,0. 


CH=C-CO,H CH 
‘ot NH, ‘aia /\/N¢:C0,H. 
\ Je ade H 


It seems clear that this difference will be observed in the case 
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of the hydrolysis of all derivatives of 2-phenyl-4-benzylidene- 
oxazolone which contain a carboxyl group in the o-position with 
respect to the group, ‘CH:C-N:, and the above method should 
therefore prove to be of general application for the preparation of 
derivatives of tsocarbostyril. 

We have employed this method for the preparation of 
7: 8-dimethoxysocarbostyril (IV), from which, as shown on p. 
2393, isooxyberberine is derived. In carrying out this synthesis, 
methyl opianate was condensed with hippuric acid in the presence 
of acetic anhydride and sodium acetate, and the resulting 2-phenyl- 
4-0-carboxymethyl-mp-dimethoxybenzylidencoxazolone was  hydro- 
lysed to 7: 8-dimethoxyisocarbostyril-3-carboxylic acid. Whien this 
acid was heated it yielded a crystalline substance melting at 233°, 
which is doubtless 7: 8-dimethoxy?socarbostyril : 


CH 
if \\—cH=0—co fN/ No: -CO,H 
MeO! CO,Me N:CPh>? 7 MeO NH 
Re i os \/\7 
MeW) Med 6O 
CH 
¢ NCH 
MeO JN /N H 
MeO CO 


An unfortunate fire which occurred in the Laboratories of the 
University of Sydney destroyed the whole of the preparations 
made during this investigation, and before this substance and some 
others had been sufficiently examined and analysed. It is our 
intention again to prepare these and other similar derivatives of 
tsocarbostyril, and to submit them to extended investigation. The 
present communication contains an account of the synthesis of 
ethyl opianoylacetate from silver opianate and ethyl bromoacetate, 
and this substance was prepared in the hope that it might prove 
possible to effect internal condensation between the aldehyde and 
the methylene groups, and so obtain 7 : 8-dimethoxyisocoumarin- 
3-carboxylic acid, which should yield 7 : 8-dimethoxysocarbostyril- 
3-carboxylic acid on treatment with ammonia: 


CHO CH 
AY LYS e00n 
MeO J 
e \ MeO AO 
Me) CO-0-CH,-CO, Et Med 60 


but we were unsuccessful in our attempts to bring about internal 
condensation. 
On the other hand, a similar condensation is readily brought 
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about in the case of w-opianoylacetophenone. This substance is 
produced (p. 2400) when silver opianate is boiled, in benzene solu- 


tion, with w-bromoacetophenone, 


(Youo it Nia (YcHo 
MeO\ /CO, ee ee ~ Med /003'CH COC ,H 
MeO MeV 


and when this is treated with alkaline condensing agents it yields, 
in the first place, 3-benzoyl-7 : 8-dimethoxyzsocoumarin, a substance 
which is readily hydrolysed by the further action of alkali to 
6-phenylglyoxylmethyl-o-veratric acid : 


CH CH,*CO-CO-0,H, 
/\\¢-00-0,H, pom A\S 
Meo \ 0 MeO! 
Med GO Med CO,H 


Although -opianoylacetophenone is produced when silver 
opianate reacts with w-bromoacetophenone, it is remarkable that 
an entirely different reaction takes place when the potassium salt 
of opianic acid is treated with w-bromoacetophenone in the presence 
of potassium carbonate, and leads to the formation of w-benzoyl- 
bromomethylmeconine, which, on treatment with alkalis, also 
yields 3-benzoyl]-7 : 8-dimethoxytsocoumarin (compare p. 2401) : 


CH-CHBr-CO-0,H, OH 
‘ (\/No- -CO-C,H 
MeO! a McO 
"aa ul, OA? 
MeOQ CO MeO CO 


During the course of these experiments, we have also investi- 
gated the condensation of some nitro-aldehydes with hippuric acid, 
since it seemed likely that the substances produced might be of 
service in connexion with synthetical experiments in the alkaloid 
group on which we are engaged. In the experimental part of 
this communication (p. 2403) we describe 2-phenyl-4-o-nitro- 
mp-dimethoxrybenzylideneoxazolone, produced by the condensation 
of o-nitroveratraldehyde with hippuric acid, and 2-phenyl-4-o-nitro- 
mp-methylenediozrybenzylideneoxazolone, by the condensation of 
nitropiperonal with hippuric acid: 


No, NO, 
\ 
MeO” Naame of \-vH:C—Co 
d Cn .<O 
Meu. , N: ee we Sol / N: CPR: 


The study of the hydrolysis of these substances is not yet 
complete. 
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Ex PERIMENTAL. 


2-Phenyl-4-o-carbozymethylbenzylideneoxazolone, 
CO,Me’C,H,-CH:C —-CO 
N:0Ph?*” 


In preparing this substance, methyl phthalaldehydate (1 mol.; 
compare Graebe and Triimpy, Ber., 1898, 31, 375, and Racine, 
Annalen, 1887, 2389, 84), hippuric acid (1 mol.), and acetic 
anhydride (3 mols.) were intimately mixed with fused sodium 
acetate (1 mol.), and heated on the steam-bath-during half an 
hour. On cooling, the yellow liquid became almost solid, owing 
to the separation of crystals. Water was now added, the precipi- 
tate collected, washed, and crystallised from glacial acetic acid, 
from which the new substance separated in groups of yellow 
needles. It melts at 171°, and is very sparingly soluble in methyl 
or ethyl alcohols or in ether: 

0°1246 gave 0°3192 CO, and 0°0454 H,O. C=69'9; H=4'1. 

C,,H,;0,N requires C=70°3; H=4'2 per cent. 


isoCarbostyrilearbozrylic Acid and isoCarbostyril, 

CH:C-CO,H CH:CH 

CB <co-NH and CoE 00-NH 
When 2-phenyl-4-o-carboxymethylbenzylideneoxazolone is heated 
with excess of 10 per cent. aqueous potassium hydroxide until the 
whole of the substance has dissolved, a red solution is obtained 
which, on acidifying, deposits a flocculent, microcrystalline pre- 
cipitate. This was dissolved in aqueous ammonia, reprecipitated, 
collected, and crystallised from acetone, in which it is sparingly 
soluble. The slender needles so obtained melted at 320°, with 
some previous decomposition, and in this and other properties the 
substance was identified with isocarbostyrilcarboxylic acid prepared 
by Bamberger and Kitschelt (Ber., 1892, 25, 1143). «soCarbo- 
styril was obtained from the carboxylic acid by heating the silver 
salt or by simply heating the acid for some time at a temperature 
just below its melting point. The product was purified by sublima- 
tion, after the unchanged acid had been removed by sodium 
carbonate solution, and melted at 208°, as stated by Bamberger 
and Kitschelt (loc. cit., p. 1145). 
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2-Phenyl-4-0-carboxymethyl-mp-dimethozybenzylideneoxazolone, 


i OPS0. 


N:CPh 


This substance is obtained by the condensation of methyl 
opianate with hippuric acid (compare p. 2395). Methyl opianate 
has been prepared by Wegscheider (Monatsh., 1882, 3, 358; 1892, 
13, 254) by the action of methyl iodide on silver opianate, and he 
employed silver fluoride for the preparation of this salt, but in our 
experiments we have adopted the following procedure, whereby a 
very good yield of the pure methyl ester is obtained. A hot, con- 
centrated aqueous solution of silver nitrate (20 grams) is added all 
at once, and with stirring, to a hot solution of potassium opianate 
prepared from opianic acid (21 grams), potassium carbonate 
(7 grams), and water (50 c.c.). Silver opianate quickly crystallises, 
and, when cold, the crystals are collected and washed with alcohol 
and ether. The silver salt is then treated, during half an hour, 
in boiling ether (100 c.c.) with methyl iodide (30 grams), the solu- 
tion filtered, and the silver iodide well washed with ether. The 
ethereal solution yields, on evaporation, pure methyl opianate. In 
carrying out the condensation, methyl opianate (11 grams), 
hippuric acid (10 grams), and fused sodium acetate (4 grams) were 
mixed with acetic anhydride (25 grams), and heated on the steam- 
bath during three hours. The red solution so obtained was poured 
into water, and, after all the acetic anhydride had been decom- 
posed, the solid was collected and drained on porous porcelain in 
order to remove a trace of oily impurity. The substance crystal- 
lises well from acetic acid in intensely yellow, slender needles, and 
melts at 134°: 

0°1540 gave 0°3700 CO, and 0°0670 H,O. C=65'5; H=4°'8. 

Cy9H,,0,N requires C=65'4; H=4'8 per cent. 

This compound is sparingly soluble in alcohol, ether, or ethyl 
acetate; it dissolves in concentrated sulphuric acid to an orange- 
red solution. 


7: 8-Dimethozxyisocarbostyril-3-carboxylic Acid, 
( CH: ¢-C0,H. 
MeO\_/00-NH 
MeO 


This acid may be obtained from the methyl ester just described 
by hydrolysis under a variety of conditions, as, for example, by 
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means of sulphuric acid in acetic acid solution, but it is best pre- 
pared and purified in the following manner. The methyl ester 
(3 grams) is heated on the steam-bath with aqueous potassium 
hydroxide (50 c.c. of 10 per cent.) during half an hour. Hydro- 
lysis takes place readily, and, at the end of the operation, the 
clear, red solution is acidified with hydrochloric acid, the precipitate 
collected and washed well with hot water in order to remove 
benzoic acid. It is then dissolved in dilute aqueous ammonia, re- 
precipitated, and finally crystallised from glacial acetic acid, from 
which it separates in colourless, prismatic needles, melting and 
decomposing at 261°. Larger crystals of this substance have a 
brilliant appearance, and sparkle like a diamond. The specimen 
for analysis was dried at 100°: 

0°1206 gave 0°2550 CO, and 0°0499 H,O. C=57'7; H=4°6. 

01898 ,, 92 cc. N, at 15° and 750 mm. N=5‘6. 

C,.H,,0;N requires C=57'8; H=4'4; N=5°6 per cent. 
0°1317 neutralised 0°0216 NaOH, whereas this amount of a mono- 
basic acid, C,,H,,0;N, requires 0°0212 NaOH for neutralisation. 

Dimethozyisocarbostyrilcarboxylic acid is very sparingly soluble 
in the usual organic solvents, but it dissolves to some extent in boil- 
ing water, and, on cooling, long slender needles separate. The 
addition of ferric chloride to the aqueous or alcoholic solution pro- 
duces a brownish-violet coloration. In contradistinction to its 
esters, it does not react with benzenediazonium chloride or with 
nitrous acid. 

The ethyl ester is readily prepared by boiling the solution of 
the acid (5 grams) in 5 per cent. alcoholic sulphuric acid (100 c.c.) 
for three hours. Water is added, the solid collected and crystal- 
lised from alcohol, from which the ethyl ester separates in well- 
defined prisms, melting sharply at 179°: 

0°1760 gave 0°3875 CO, and 0°0852 H,O. C=60°5; H=5'4. 

C,,H,,;0;N requires C=60°7; H=5'4 per cent. 

The methyl ester, prepared in a similar manner, separated from 
methyl alcohol in groups of slender needles, and melted at 195°. 
Both esters are sparingly soluble in cold organic solvents, and in 
their properties exhibit striking differences from those of the 
parent acid. Their solutions in sulphuric acid are yellow, and 
have an apple-green fluorescence, whilst ferric chloride develops 
with their solution or suspension in alcohol, an intense green colour 
which becomes blue on dilution with water, and this reaction occurs 
even in the presence of mineral acid. 

In faintly alkaline solution or in acid solution in the presence 
‘of excess of sodium acetate, both esters yield intense red azo-dyes 
with diazonium salts, and these dissolve in concentrated sulphuric 

7R2 
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acid with a deep purple colour. On treatment with sodium nitrite 
in hot glacial acetic acid solution, the ethyl ester is converted into 
a yellow, crystalline svbstance, which melts at 257°. This sub- 
stance may be a nitroso-derivative, and it is possible that the differ- 
ences observed between the behaviour of the acid and its esters 
towards nitrous acid may be due to the lactam configuration of the 
former and the lactim configuration of the latter, and these curious 
differences will be made the subject of further investigation. 


| /\cHo 
Ethyl Omanoylacetate, MeOl J00,-CH,-CO,Et 
MeO 

This ester is obtained when silver opianate (17 grams), suspended 
in benzene (200 c.c.), is boiled in a reflux apparatus for five hours 
with ethyl bromoacetate (12 grams). The benzene is then distilled 
off and the residue dissolved in hot alcohol, when, on cooling, the 
substance separates in colourless needles, and is obtained pure by 
one more crystallisation from alcohol: 


0°1520 gave 0°3175 CO, and 0°0740 H,O. C=56'9; H=5°4. 
C,,H,,0, requires C=56°8; H=5°4 per cent. 

Ethyl opianoylacetate crystallises from alcohol in well-defined 
prismatic needles, melts at 90°, and is readily soluble in benzene or 
hot alcohol, but sparingly so in ether. The attempts which have 
been made to induce this substance to undergo internal condensa- 
tion have so far been unsuccessful, but further experiments are in 
progress. 


w-Opianoylacetophenone, (YoHo | 
MeO\_/C0,-CH,'CO-C\H, 


MeO 


In order to prepare this substance, silver opianate (27 grams) 
and w-bromoacetophenone (20 grams) were heated during four 
hours with benzene (250 c.c.) in a reflux apparatus. The solution 
was filtered, the benzene partly removed by distillation, and alcohol 
was then added, when the ester quickly separated in colourless, 
prismatic crystals, and in almost the theoretical quantity. For 
analysis, the substance was recrystallised from alcohol: 

01982 gave 0°4790 CO, and 0°0870 H,O. C=65°9; H=4°9. 

C,H ,,0, requires C=65°8; H=4°9 per cent. 

w-O pianoylacetophenone melts at 112°, and is sparingly soluble 
in cold alcohol or ether, but readily so in boiling alcohol or 
benzene. 


ELIS SM wR 
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The formation of benzoyldimethoxyisocoumarin from this sub- 
stance by internal condensation is described on p. 2402. 


CH-CHBr:CO:C0,H, 
ae a 
w-Benzoylbromomethylmeconine, Me0. 0 . 
MeO CO 


It is remarkable that this lactone should separate, as it does, 
when a solution of opianic acid in alcoholic potassium hydroxide is 
added to an alcoholic solution of w-bromoacetophenone (compare 
p. 2396). 

Since, however, the use of alkali hydroxide leads to a partial 
decomposition of the product, potassium carbonate was employed 
in its place, and the following conditions were found to work well. 
A solution of opianic acid (5 grams) in water (20 c.c.) and 
potassium carbonate (5 grams) was mixed with a solution of 
w-bromoacetophenone (5 grams) in alcohol (70 c.c.). The mixture 
was frequently shaken, and allowed to remain at room temperature 
during twenty-four hours. Water was then added, the precipitate 
collected and crystallised from alcohol, from which the substance 
separated in colourless needles: 

0°1337 gave 0°2705 CO, and 0°0437 H,O. C=55°2; H=3°6. 

01493 ,, 0°0712 AgBr. Br=20°3. 

C,,H,,0;Br requires C=55°2; H=3°8; Br=20°4 per cent. 

w-Benzoylbromomeconine melts at 148°, with slight previous 
softening, and is insoluble in alkaline hydroxides in the cold, but 
dissolves, on boiling, to orange-red solutions. On the addition of 
hydrochloric acid, a sticky, yellow precipitate was formed, which 
was boiled with a little concentrated hydrochloric acid, washed 
with water, and dissolved in cold alcohol. The alcoholic solution 
soon deposited a quantity of yellow crystals, which, after recrystal- 
lisation from xylene, melted at 171°, and were found to be identical 
with the benzoyldimethoxytsocoumarin described on p. 2402. The 
same substance was isolated in a similar manner from the solu- 
tion obtained on boiling opianic acid and w-bromoacetophenone 
with alcoholic potassium hydroxide, but in the latter case the yield 
was very small. The probable course of these interesting changes 
may be represented thus: 

CH-CHBr-COPh CH(OH):CHBr:COPh 
CH (Med). >0 —> C,H,(Me0),C 
CO CO,K 


CH:C-COPh 
— O,H,(Me0),< co- d 
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fs, 
. \CH,°CO-CO-C, 4 
6-Phenylglyoxylmethyl-o-veratric Acid, Meo! C0, H 605 


MeO 


The action of alkaline condensing agents on w-opianoyl- 
acetophenone leads, in the first place, to the formation of benzoy]l- 
dimethoxyisocoumarin (see below), but this substance is readily 
hydrolysed to the above diketonic acid, and it is therefore the 
latter which is obtained under the following conditions. 
w-Opianoylacetophenone (5 grams), pure ether (100 c.c.), and 
granulated sodium* (1 gram) were heated together in an efficient 
reflux apparatus, when, in a short time, yellow spangles separated 
from the solution. After one and a-half hours, alcohol was added 
to remove the excess of sodium, and then water, and the clear, red 
solution was cooled with ice and cautiously acidified with very 
dilute hydrochloric acid. The yellow precipitate was collected, 
washed with water until free from every trace of mineral acid, and 
recrystallised from benzene: 

0°1584 gave 0°3800 CO, and 0°0720 H,O. C=65°6; H=5°0. 

C,3H,,0, requires C=65°9; H=5°0 per cent. 

6-Phenylglyoxylmethyl-o-veratric acid melts rather indefinitely 
at about 130°, and dissolves in aqueous sodium carbonate to a red 
solution, from which, if concentrated, the sodium salt separates in 
red crystals. The fact that the acid and its salts are so highly 
coloured suggests that both may contain the enolic grouping 
-CH:C(OH):-CO:C,H;. 

\, 
3-Benzoyl-7 : 8-dimethoxyisocowmarin, oe as $°00-0,H,. 


nn da 
MeO CO 


The best method for preparing this substance consists in boil- 
ing the diketo-acid, just described, with aqueous alcoholic hydro- 
chloric acid for ten minutes. The liquid is diluted with water, the 
solid collected and recrystallised from alcohol or xylene, from which 
the substance separates in pale yellow plates: 

0°1498 gave 0°3835 CO, and 0°0607 H,O. C=69°8; H=45. 

C,,;H,,0; requires C=69°7; H=4'5 per cent. 

Benzoyldimethoxyisocoumarin melts at 171°, is sparingly soluble 
in most of the ordinary organic solvents, and crystallises with great 
facility. Some of the yellow spangles which separated when 


* Prepared by melting sodium under boiling toluene, shaking vigorously, 
decanting the toluene and then washing with anhydrous ether. 
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w-opianoylacetophenone was boiled with sodium in ethereal solu- 
tion (p. 2402) were collected, and found to melt at 171°, and at 
the same temperature, when mixed with the substance obtained 
from the diketonic acid, as just described ; they therefore consisted 
of benzoyldimethoxyzsocoumarin. 

Dibromide.—When_ benzoyldimethoxy:socoumarin, dissolved in 
chloroform and cooled to 0°, is gradually mixed with a solution 
of bromine in chloroform, a bright red precipitate separates in the 
form of microscopic needles. 

This substance would appear to be an oxonium dibromide, since 
it readily loses bromine on exposure to air or on washing with cold 
chloroform. In a vacuum it also rapidly loses bromine, and pure 
benzoyldimethoxytsocoumarin remains, and the same change occurs 
instantly in contact with alcohol. When rapidly heated, the 
dibromide melts at 113° to a yellow liquid, and, after resolidifying, 
the melting point is now about 165°. A specimen of the substance 
was prepared as quickly as possible and analysed at once, but the 
result, as might be expected, was too low: 


0°3328 gave 0°2485 AgBr. Br=31'8. 
C,,H,,0;Br. requires Br=34'0 per cent. 


2-Phenyl-4-o-nitro-mp-dimethoxybenzylideneoxazolone, 
NO, 
Meo/” \CH:¢ —00,,, 
MeO A6 ‘ 
Nl N°CPh 


In the preparation of this substance, o-nitroveratraldehyde 
(5 grams), hippuric acid (4°3 grams), and fused sodium acetate 
(2 grams) were mixed with acetic anhydride (10 grams) and heated 
on the steam-bath for half an hour. The product solidified on 
cooling, and was collected, washed with water, and crystallised 
from alcohol, and then from acetic acid, from which it separated 
in deep yellow, feathery crystals, melting at 145°: 

0°1310 gave 0°2926 CO, and 0°0480 H,O. C=60°9; H=4°0. 

C,,H,,O,N, requires C=61°0; H=3°9 per cent. 

2- Phenyl -4-0- nitro - p- acetoxy-m-methozybenzylideneoxazolone, 
similarly prepared from o-nitroacetovanillin, crystallises from 
alcohol in groups of slender needles, and melts at 167°: 

0°1668 gave 0°3668 CO, and 0°0560 H,O. C=59°9; H=3°7. 

C,9H,,0,N, requires C=59'°6; H=3°7 per cent. 


2-Phenyl - 4 - 0- nitro-mp-methylenedioxybenzylideneoxazolone, ob- 
tained from nitropiperonal and hippuric acid in a similar manner, 
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crystallises from alcohol in bright yellow needles, and melts at 
198°: 

0°1906 gave 0°4180 CO, and 0°0517 H,O. C=59°8; H=3'1. 

C,,H,,O,N, requires C=60°3; H=2°9 per cent. 

2-Nitro-3 : 4-dimethoxybenzylidenehippuric Acid.—In order to 
obtain this acid, 2-phenyl-4-o-nitro-mp-dimethoxybenzylidene- 
oxazolone (10 grams) was heated with 10 per cent. aqueous 
potassium hydroxide until completely dissolved. The blood-red 
solution was then acidified with hydrochloric acid, and the yellow 
precipitate, which was somewhat oily at first, but soon hardened, 
was collected and crystallised from ethyl acetate. The acid was 
thus obtained in slender, greenish-yellow needles, and melted at 
228° : 

0°1350 gave 0°2880 CO, and 0°0525 H,O. C=582; H=4°3. 

C,3H,,0O;N, requires C=58'1; H=4°3 per cent. 

When this acid was warmed with acetic anhydride, it at once 
yielded the oxazolone, melting at 145°. 

2-Nitro-3: 4-methylenedioxybenzylidenehippuric Acid.—2-Pheny]l- 
4-o-nitro-mp-methylenedioxybenzylideneoxazolone, obtained from 
nitropiperonal in the manner just described, was dissolved in hot 
glacial acetic acid, and concentrated hydrochloric acid added in 
such quantity that the substance only just remained in solution. 
The mixture was then boiled during ten minutes, cooled, and the 
crystals which separated collected and crystallised from acetic acid, 
from which the nitro-acid separates in yellow needles, melting 
at 215°: 

0°2108 gave 0°4420 CO, and 0°0634 H,O. C=57'2; H=3°3. 

C,,H,,0;N, requires C=57'°3; H=3°3 per cent. 

We were not successful in our attempts to hydrolyse this acid 
further. In an experiment in which the acid was boiled with 10 per 
cent. alcoholic sulphuric acid, the ethyl ester was obtained, and 
this separates from acetic acid in yellow needles, melts at 179°, 
and is sparingly soluble in the usual organic solvents: © 

0°1414 gave 0°3084 CO, and 0°0554 H,O. C=59'4; H=4°3. 

C,)H,,0,N, requires C=59°4; H=4'2 per cent. 


The authors wish to state that much of the expense of this 
research was met by grants from the Research Funds of the Royal 


Society and Chemical Society. 
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CCX XIV.—1 : 2-Diketo-5 : 6-dimethoxyhydrindene. 


By Witt1am Henry PERKIN, jun., WALTER Morrevu Roserts, and 
RoBert RosBinson. 


In a former communication the authors (T., 1912, 101, 232) have 
described a convenient method of producing 1 : 2-diketohydrindene, 
namely, the hydrolysis of isonitroso-l-hydrindone, by means of 
formaldehyde and hydrochloric acid. This process has now been 
applied with even better results to the preparation of 1 : 2-diketo- 
5:6-dimethoxyhydrindene (I) and of 1:2-diketo-5 :6-methylene- 
dioxyhydrindene, substances which may very probably find an 
application in solving the difficult problem of the synthesis of 
brazilin and its derivatives. 

The properties of the dimethoxy-diketone are similar to those of 
the parent substance; thus the 2-monoxime is produced by reaction 
with one molecule of hydroxylamine; oxidation with hydrogen 
peroxide yields 2-carboxy-4:5-dimethoxyphenylacetic acid (II), 
whilst 5 :6-dimethoxyindenoquinozaline (III) is formed by con- 
densation with o-phenylenediamine : 


N 
MeO/ \CO-s,¢ Me0/ \CO,H Meo’ N07 N”N 
MeO. CH, MeQ\ CH, CO,H MeO.) uN eas 


(I.) (II.) (IIT.) 
1:2-diketohydrindenes are reactive ketones which enter with 
ease into various condensations, and we investigated especially the 
condensation of 1: 2-diketo-5 :6-dimethoxyhydrindene with 5 :6-di- 
methoxy-l-hydrindone, which should produce the indigotin-like 
substance (IV): 


MeO CO oc00-/ NOMe 
MeO CH, 


sy ~CH, ‘OMe’ 
(IV.) 


\4 

Equimolecular proportions of the components were dissolved in 
just sufficient acetic acid and warmed on the steam-bath with hydro- 
chloric acid (half the volume of the mixture). The condensation 
product separated, and the liquid became filled with black, micro- 
scopic crystals, which were collected. This substance appeared to 
be a hydrochloride, and was changed to a dark brownish-red com- 
pound by aqueous sodium acetate. It dissolved in concentrated 
sulphuric acid to an intense indigo-blue solution. The compound 
was very sparingly soluble, and separated from pyridine solution 
in microscopic crystals, but no analysis that was made of it gave 
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satisfactory figures. Our failure to obtain this compound in a 
pure condition may be due to its admixture with anhydrobis-1 : 2- 
diketo-5 :6-dimethoxyhydrindene (V), which was easily obtained by 
the action of piperidine on 1: 2-diketo-5 :6-dimethoxyhydrindene 
(see p. 2408): 
MeO YCO jo 
MeO CH, 
aw 


>¢: C<G8 »H,( 1,(OMe). co 


(V.) 


EXPERIMENTAL. 
1 : 2-Diketo-5 : 6-dimethoxyhydrindene (1). 


isoNitroso-5 : 6-dimethoxy-l-hydrindone (10 grams) (Perkin and 
Robinson, T., 1907, 91, 1081) is mixed with formaldehyde (20 c.c. 
of 40 per cent. aqueous solution) and concentrated hydrochloric 
acid (5 c.c.), and the liquid heated to incipient boiling while being 
continually stirred. The isonitroso-compound passes into complete 
solution, and almost immediately the diketone begins to separate 
as a brownish-yellow, crystalline powder. After gently heating 
during half an hour the mixture is cooled, diluted with water, and 
the solid collected, washed with water, and dried at 100°. The 
yield is practically quantitative. The substance is best crystallised 
from benzene, and is obtained in golden-yellow plates melting at 
187°, with previous softening at 160—165°. It is readily soluble 
in chloroform, but sparingly so in most organic solvents. Unlike 
1:2-diketohydrindene, it may be crystallised unchanged from 
methyl] or ethyl! alcohols: 

0°1271 gave 0°2984 CO, and 0°0579 H,O. C=640; H=5'l. 

C,,H,O, requires C=64°1; H=4°9 per cent. 

Cold sodium carbonate solution does not affect the substance, but 
on boiling it is gradually dissolved to a greenish-brown solution, 
from which, if concentrated, a green solid separates, and the 
unchanged diketone is obtained on acidification. With alkali 
hydroxide the above reaction is obtained in the cold, whilst, on 
boiling, the solution which is first green becomes brown and then 
green again. It is only from the cold solution in potassium hydr- 
oxide that the diketone can be regenerated on acidification. 

Oxime (isoNitroso-5 : 6-dimethoxy-\-hydrindone).—This derivative 
is obtained when the diketone is heated with hydroxylamine hydro- 
chloride (14 mols.) and sodium acetate in alcoholic solution. The 
crystalline precipitate obtained on cooling the solution was collected 
and recrystallised from alcohol. The substance melted and decom- 
posed at 235°, and its melting point was not lowered by admixture 
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with an equal quantity of pure zsonitroso-5 : 6-dimethoxy-1l-hydrin- 
done (T., 1907, 91, 1081). From this result we conclude that of the 
two carbonyl groups in 1 :2-diketo-5 : 6-dimethoxyhydrindene, that 
in the B-position is the more reactive, and the more likely to enter 
into all kinds of condensation reactions. 


5 :6-Dimethoxyindenoquinowxaline (IIT). 


1 : 2-Diketo-5 : 6-dimethoxyhydrindene (2°1 grams) and 
o-phenylenediamine (1‘1 grams) were together dissolved in hot ethyl 
alcohol (5 c.c.). The crystalline product, obtained on cooling the 
solution, was collected and recrystallised from ethyl alcohol. The 
slender, yellow needles melt at 177—178°: 

01196 gave 0°3200 CO, and 0°0543 H,O. C=73°0; H=5°0. 

C,,H,,0,N, requires C=73'4; H=5°0 per cent. 

This substance is rather sparingly soluble, and can be crystallised 
from most solvents. It dissolves in sulphuric acid to a deep violet 
solution, from which a bright orange sulphate separates on the 
addition of water, and orange salts are also formed when the 
quinoxaline is treated with dilute mineral acids. The ferrichloride 
obtained in the usual way is a brown, microcrystalline powder. 
The base itself exhibits a strong bluish-violet fluorescence in 
alcoholic or benzene colution. 


Oxidation of 1:2-Diketo-5 :6-dimethoxyhydrindene. 


In common with other diketones, for example, benzil and phen- 
anthraquinone, this diketohydrindene is readily attacked by 
hydrogen peroxide, and in this instance the oxidation is readily 
effected, when the substance: is warmed on the steam-bath with 
dilute alkali and an excess of the reagent, until the yellow colour 
disappears. The solution was cooled, treated with hydrochloric acid, 
and the precipitate collected. The substance was crystallised from 
water, and was found to melt at 215°, and to be completely identical 
with 2-carboxy-4 :5-dimethoxyphenylacetic acid (II), one of the 
oxidation products of trimethylbrazilin (Perkin, T., 1902, 81, 
1028). The substance obtained by the above oxidation of the 
diketone when mixed with a specimen which had been obtained by 
the action of phosphorous pentachloride on isonitroso-5 : 6-di- 
methoxy-1-hydrindone (Perkin and Robinson, T., 1907, 91, 1082) 
melted at 215° (Found, C=55'1; H=5°2. C,,H,.O, requires 
C=55°0; H=5-0 per cent.). 


2408 _ 1:2-DIKETO-5 : 6-DIMETHOXYHYDRINDENE. 


A nhydrobis-1 : 2-diketo-5 : 6-dimethoxyhydrindene (V). 

This condensation product is obtained by boiling 1 : 2-diketo-5 : 6- 
dimethoxyhydrindene with a few drops of piperidine in alcoholic 
solution or by passing hydrogen chloride into the alcoholic solution. 
In either case the brownish-red product was collected and purified 
by extraction with boiling alcohol, when a very sparingly soluble, 
red substance remained, which could not be crystallised, although 
it was distinctly crystalline to the touch and in appearance. Its 
solution in concentrated sulphuric acid is bright cherry red, and 
yields a clear yellow liquid on dilution with water: 

0°1182 gave 0°2901 CO, and 0°0496 H,O. C=669; H=4'7. 

C..H,,0; requires C=67°0; H=4'6 per cent. 


1: 2-Diketo-5 : 6-methylenedioxyhydrindene, 


0/ NCH,\,,. 
CH,< lag2>©0. 
S/S 

This substance is prepared from isonitroso-5 : 6-methylenedioxy-1- 
hydrindone (Perkin and Robinson, T., 1907, 91, 1085) by the 
method already described in the case of the corresponding di- 
methoxy-compound (p. 2406). It crystallises from benzene in 
golden-yellow needles, which soften at 140° and melt at 166°, and 
the yield obtained was more than 90 per cent. of the theoretical : 

0°1379 gave 0°5175 CO, and 0°0384 H,O. C=62°8; H=3'1. 

Cio9H,O, requires C=63°2; H=3'2 per cent. 

This substance is rather less soluble in organic solvents than the 
corresponding dimethoxy-derivative. Its behaviour with sodium 
carbonate and potassium hydroxide is similar to that described 
in the case of 1:2-diketodimethoxyhydrindene. With hydroxyl- 
amine hydrochloride and sodium acetate in alcoholic solution 
the B-monoxime was readily obtained, and melted and decom- 
posed at 230°, either alone or mixed with a specimen of isonitroso- 
5 :6-methylenedioxy-l-hydrindone which had been obtained from 
5 :6-methylenedioxy-l-hydrindone by the action of isoamyl nitrite 
and hydrochloric acid (/oc. cit., p. 1085). 


5 :6-Methylenedioxyindenoquinozaline, 
N 
ae ta 
CH.<o| é 
WANZ SZ \4 
CH, N 


When 1: 2-diketo-5 : 6-methylenedioxyhydrindene (2 grams) was 
heated with o-phenylenediamine (1 gram) in alcoholic solution, 
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condensation occurred immediately, and 2°8 grams of the product 
was obtained on cooling the solution. The quinoxaline crystallises 
from alcohol in yellow needles melting at 204—205°, and is spar- 
ingly soluble in organic solvents in the cold: 

0°1275 gave 0°3438 CO, and 0°0471 H,O. C=73°5; H=4'1. 

C,gHgO.N, requires C=73°3; H=3'8 per cent. 

The concentrated alcoholic solution exhibits a green fluorescence, 
but the dilute solution in benzene shows an intense violet fluores- 
cence. With dilute mineral acids, orange salts are produced, whilst 
in concentrated sulphuric and hydrochloric acids halochromism is 
exhibited, the solutions being bluish-violet and reddish-violet respec- 
tively, and yielding the orange salts on dilution with water. Con- 
centrated ferric chloride acting on the solution of the base in acetic 
and hydrochloric acids produces the ferrichloride, which separates 
in slender, yellow needles. 


THE UNIVERSITIES OF OXFORD AND SYDNEY. 


CCXXV.—The Isomerism of the Oximes. Part V. 
m-Methoxybenzaldoxime, Vanillinoxime, and Veratr- 
aldoxime. 


By Oscar Liste Brapy and Frederick Percy Dunn. 


Wuitst ortho- and para-methoxybenzaldoximes are well known, 
the meta-compound does not seem to have been described. In view 
of their attempts to elucidate the problems connected with the 
isomerism of the oximes, the authors are of the opinion that it is 
advantageous to study the variously substituted benzaldoximes as 
completely as possible, and it is therefore of importance that the 
effect of the position of each substituent should be considered 
(compare this vol., p. 821). Additional interest is given to 
m-methoxybenzaldoxime and its acetyl derivative, since through 
them the position of the acetyl group in the acetyl derivative of 
m-hydroxybenzaldoxime may be ascertained (loc. cit.). 
m-Methoxybenzanttaldoxime is readily obtained from m-methoxy- 
benzaldehyde, and closely resembles the o- and »methoxybenzanti- 
aldoximes. On treatment with acetic anhydride and sodium car- 
bonate solution it yields an acetyl derivative, thereby showing that 
it possesses the anti-configuration. Whilst pmethoxybenzsyn- 
aldoxime (anissynaldoxime) is comparatively easy to obtain in the 
pure state, o-methoxybenzaldoxime exists only in the anttform, all 
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attempts to obtain a second isomeride having so far failed (loc. cit.). 
Although it has not been found possible to isolate m-methoxybenz- 
synaldoxime, there is a certain amount of evidence that it exists 
in the oil obtained on decomposing the hydrochloride of the oxime 
with sodium carbonate solution. This oil does not crystallise even 
at low temperatures and after seeding with m-methoxybenzanti- 
aldoxime, although after keeping for four days it solidifies and then 
consists entirely of m-methoxybenzantialdoxime. Treatment of the 
oil with acetic anhydride and sodium carbonate solution gives a 
certain amount of m-methoxybenzonitrile, in addition to acetyl- 
m-methoxybenzantialdoxime, the proportions being roughly one to 
four. This cannot be taken as definitely establishing the presence 
of the syn-compound in the oil, since the anti-oxime also yields some 
nitrile under similar conditions, although in not nearly so large a 
quantity. 

But few disubstituted benzaldoximes have been closely studied, 
although 3:4-dichlorobenzaldoxime (Erdmann and Schwechten, 
Annalen, 1890, 260, 60), piperonaldoxime (Hantzsch, Zezttsch. 
physikal. Chem., 1894, 18, 526), and mesitylaldoxime (Hantzsch 
and Lucas, Ber., 1895, 28, 745) have been obtained in two forms. 
Vanillinoxime and veratraldoxime have been described (Lach, Ber., 
1883, 16, 1786; Fulda, Monatsh., 1902, 28, 913), but the question 
of the existence of a syn-isomeride of these compounds does not 
seem to have been fully investigated, and the authors have therefore 
turned their attention to this matter. 

Vanillinoxime (4-hydroxy-3-methoxybenzaldoxime) might be ex- 
pected to resemble p-hydroxybenzaldoxime in some respects. The 
analogy is borne out by the behaviour of this compound with 
acetic anhydride; treatment with acetic anhydride and sodium 
carbonate solution yields a diacetyl derivative, thus establishing 
the anti-configuration of the oxime, whilst solution in warm acetic 
anhydride and subsequent evaporation of excess of the reagent in 
a vacuum gives a monoacetyi derivative (compare Brady and Dunn, 
loc. cit.). WVanillinoxime, however, differs from p-hydroxybenzald- 
oxime in that in the monoacety] derivative the oximino- and not the 
phenolic group is acetylated. 

Vanillinoxime readily forms a hydrochloride in the usual way, 
but on decomposing this compound with sodium carbonate solution 
the original anti-oxime is obtained, as would be expected from 
analogy to the hydroxybenzaldoximes (Brady and Dunn, loc. cit.). 
The hydrochloride of veratraldoxime behaves similarly to that of 
m-methoxybenzaldoxime. On decomposing with sodium carbonate 
solution an oil is first formed which, on being scratched, ‘soon sets 
to a solid melting at about 56°; the anti-oxime melts at 94—95°. 
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Treatment of this substance of low melting point with acetic 
anhydride and sodium carbonate solution yields a mixture of 
3:4-dimethoxybenzonitrile (veratronitrile) and acetyl-3 : 4-dimeth- 
oxybenzaldoxime (acetylveratraldoxime), the latter, however, 
greatly predominating. Under similar conditions the anti-oxime 
also yields a small quantity of the nitrile with the acetyl derivative. 
After twelve hours the melting point was found to have risen from 
56° to 88°, and on recrystallisation all fractions consisted of the 
anti-oxime. This result was always obtained; it may be that the 
rise in melting point is merely due to the substance becoming free 
from moisture, but it is possible that the low melting point is due 
to the presence of a small quantity of the syn-isomeride, which is 
unstable. 

The position of the acetyl group in the acetyl derivative of 
m-hydroxybenzaldoxime and in the monoacetyl derivative of 
vanillinoxime has also been investigated. In the first case the 
acetyl derivative of m-hydroxybenzaldoxime was methylated with 
methyl iodide and dry silver oxide in dry ethereal solution. It 
was not, however, possible to show that the substance so obtained 
was identical with the acetyl derivative of m-methoxybenzantzald- 
oxime as obtained from m-methoxybenzantialdoxime and acetic 
anhydride, as the product in each case was an uncrystallisable oil. 
Their boiling points could not be determined, as these compounds 
decompose on boiling under the ordinary pressure. On hydrolysis 
of the methylation product, however, m-methoxybenzaldoxime was 
obtained, thus establishing that, as in the case of the ortho- and 
in distinction from the para-compound, the acetyl derivative of 
m-hydroxybenzaldoxime has the oximino-group acetylated (compare 
Brady and Dunn, Joe. cit.): 

OH-C,H,-CH:NOAc—> OMe'C,H,-CH:NOAc —> 

OMe-C,H,-CH:NOH. 

The possibility that the phenolic group was acetylated, and that 
under the conditions of the experiment the acetyl group was 
removed and the methyl group substituted is obviated by the fact 
that the oximino-group would also have been methylated, as 
p-methoxybenzaldoxime readily yields the O-methyl ether (m. p. 
43°) under similar conditions. Since by acting on m-hydroxy- 
benzaldoxide with acetic anhydride followed by sodium carbonate 
solution the oximino-group is acetylated and m-hydroxybenzonitrile 
is not produced, it follows that this oxime possesses the anti- 
configuration. 

With the monoacetyl derivative of vanillinoxime the task proved 
more difficult, as the method employed above failed to yield a 
crystalline product; a second method of solving the question sug- 
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gested itself, namely, to obtain the carbanilino-derivative of 
vanillin by acting on vanillin with phenylcarbimide, preparing the 
oxime from this, and acetylating. Then if in the acetyl derivative 
of vanillinoxime the oximino-group is acetylated, it follows that the 
compound obtained would be identical with the product of the 
action of phenylcarbimide on monoacetylvanillinoxime : 

OH-C,H;(OMe)*CHO —> NHPh-CO,°C,H,(OMe)-CHO —> 
NHPh:CO,°C,H,(OMe)-CH:NOH — 

NHPh:CO,°C,H;(OMe)-CH:NOAc <— 
OH-C,H,(OMe)-CH:NOAc <—OH:C,H;(OMe)-CH:NOH. 

This method, however, proved unsuccessful, as on treating carb- 
anilinovanillin with hydroxylamine hydrolysis occurred even in 
the cold with the production of diphenylcarbamide and vanillin- 
oxime. This was unexpected, as the authors have found that the 
carbanilino-derivatives of the: hydroxybenzaldehydes can _ be 
oximated without special precautions. These compounds will form 
the subject of a subsequent communication. 

Another method of attacking the problem was the preparation of 
acetovanillinoxime, OAc-C,H;(OMe)-CH:NOH, by oximating aceto- 
vanillin, and showing that this compound is either different from 
or the same as the acetyl derivative of vanillinoxime. 

An uncrystallisable oil was obtained by this method, but there 
is, however, considerable evidence to show that the substance 
obtained was acetovanillinoxime, namely, its hydrolysis by alkalis 
to acetic acid and vanillinoxime, and the formation of a hydro- 
chloride in the usual way which regenerated the oil on treatment 
with sodium carbonate solution. As this compound is not similar 
to the acetylvanillinoxime obtained by the acetylation of the oxime, 
it would appear that in the latter compound it is the oximino-group 
that is acetylated. Moreover, the analogous behaviour of mono- 
acetylvanillinoxime and acetylsalicylaldoxime on treatment with 
hydrogen chloride in ethereal solution confirms this conclusion (see 
experimental part). 

ExPERIMENTAL. 


m-M ethozxybenzantialdoxime. 


m-Methoxybenzaldehyde was dissolved in alcohol, and to it were 
added 1} equivalents of hydroxylamine hydrochloride and 2 equiva- 
lents of sodium hydroxide, each dissolved in a small quantity of 
water. The mixture was left for twenty-four hours, then diluted 
with water, and the oil which separated was extracted with ether. 
After removing the ether, the oil was left overnight on ice, when 
it solidified to a crystalline mass. This was pressed on a porous 
plate, and recrystallised from benzene and light petroleum. 
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m-Methoxybenzaldoxzime forms colourless crystals, melting at 
39—40° : 

0°1154 gave 0°2678 CO, and 0°0634 H,O. C=63°3; H=6'1. 

0°3301 ,, 05244 Agl. OMe=20°9. 

C,H,O.N requires C=63°5; H=5°9; OMe=20°5 per cent. 

Acetyl-m-methoxybenzantialdoxime.—The oxime was dissolved in 
a moderate excess of warm acetic anhydride and left for three 
weeks in a vacuum over concentrated sulphuric acid and calcium 
hydroxide. At the end of that time the liquid no longer had the 
odour of acetic anhydride, but did not solidify even at —25°. As 
the acetyl derivatives of the oximes are often decomposed on distil- 
lation, a portion of the liquid was left over potassium hydroxide 
for several weeks, and the acetyl group determined in this specimen 
by A. G. Perkin’s method: 

0°6054 required 671 c.c. V/2-KOH. Ac=21°7. 

C,9H,,O,N requires Ac=22°2 per cent. 


m-Methorybenzsynaldoxime. 


m-Methoxybenzantialdoxime was dissolved in dry ether, and the 
solution saturated with dry hydrogen chloride. A copious, white 
precipitate was obtained, which was dried on a porous plate. This 
hydrochloride melts at 110—112°. <A chlorine determination was 
made by decomposing the hydrochloride with sodium hydroxide, 
acidifying with nitric acid, and estimating the chlorine volumetri- 
cally : 

0°3024 required 15°7 c.c. V/10-AgNO,. Cl=18°4. 

C,H,O,N,HCl1 requires Cl=18°8 per cent. 

On decomposing the hydrochloride with sodium carbonate solu- 
tion, extracting the oil so formed with ether, and then removing 
the ether with a current of air, an uncrystallisable oil was obtained, 
which did not solidify in a freezing mixture. A portion, kept in a 
desiccator over potassium hydroxide for four days, on cooling in 
ice set to a solid mass of m-methoxybenzantialdoxime. Another 
portion was at once treated with acetic anhydride, and the reaction 
mixture decomposed with sodium carbonate solution. This treat- 
ment converts syn-oxime into nitrile and anti-oxime into the antt- 
acetyl derivative. As both these compounds are oils and the acetyl 
derivative would readily decompose on distillation, giving the 
nitrile, it was impossible to separate them. The mixture was there- 
fore boiled with a solution of potassium hydroxide under refiux for 
thirty minutes; there was a copious evolution of ammonia, indicat- 
ing the presence of nitrile, and the oil dissolved completely. The 
solution, which contained the sodium salt of the anti-oxime and 
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of m-methoxybenzoic acid (obtained from the nitrile), was acidified, 
made alkaline with sodium carbonate, and extracted with ether. 
In this way the oxime was removed and recovered from the ethereal 
extract. The aqueous solution was acidified, and the m-methoxy- 
benzoic acid extracted with ether. It was found that a little more 
than 1 gram of the acid was obtained and 4 grams of the oxime. 
It seems, therefore, that about one-fifth of the acetylation product 
consists of m-methoxybenzonitrile. That so large a quantity is 
formed seems to indicate the presence of a certain amount of 
syn-oxime in the original oil. This would account for the oil not 
crystallising when first prepared. The course of the reactions 
described above is as follows: 


OMe:C,H, CH yo ie xa.co, OMeC,H,-CH 
HON —_+OMe-C,H,CH:NOH,HCI aie I NOH 
m-Methoxybenz- Hydrochloride of m-Methoxybenzsyn- 
antialdoxime. m-methoxybenzaldoxime. aldoxime. 
Ac.O | ae | Ac sO 
+ | 
Naq00s¥ | Yras00, 
OMe:’0,H,-CH - - 
AcON OMe-C,H,°CO,H Pt OMe:C,H,°CN 
Acetyl-m-methoxy- m-Methoxybenzoic m-Methoxybenzo- 
benzantialdoxime. acid. nitrile. 


Luxmoore (T., 1896, 69, 179) has shown that the hydrochloride 
of benzaldoxime (m. p. 103—105°), which regenerates the anti- 
oxime on treatment with ammonia and ice, is converted, on crystal- 
lisation, into the hydrochloride (m. p. 66—67°), which yields the 
syn-oxime on similar treatment. Hence it was thought advisable to 
try the effect of recrystallising the above hydrochloride, since the 
formation of the mixture of the anti- and syn-oximes might be due 
to the precipitation of two hydrochlorides. Recrystallisation, how- 
ever, of the hydrochloride from chloroform and light petroleum did 
not affect its melting point or other properties. 


Action of Hydrogen Chloride on Vanillinoxime. 


The vanillinoxime was prepared in the usual way, and recrystal- 
lised from benzene and light petroleum. The compound was dis- 
solved in dry ether, and the solution saturated with dry hydrogen 
chloride, when a pale yellow hydrochloride, melting at 139°, was 
precipitated : 

0°3176 required 15°5 c.c. V/10-AgNO,. Cl=17°3. 

C,H,O,N,HCI requires Cl=17°4 per cent. 

When this compound was decomposed with sodium carbonate 
solution, a small quantity of solid remained, which proved to be 
vanillinoxime (m. p. 117°); the greater part of the oxime, however, 
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dissolved, and was extracted with ether, and after removal of the 
ether the product was found to be the original vanillinoxime. 


Monoacetylvanillinoxime. 


Vanillinoxime was dissolved in excess of cold acetic anhydride, 
and the solution left for some weeks over concentrated sulphuric 
acid and calcium hydroxide in a vacuum. At the end of that time 
most of the excess of acetic anhydride had volatilised, and the 
acetyl derivative nad separated in nodules of needle-shaped crystals. 
These were pressed on a porous plate and recrystallised from dilute 
alcohol, when colourless needles melting at 114° were obtained : 


0°1042 gave 0°2188 CO, and 0°0498 H,O. C=57°3; H=5°3. 
0°2400 ,, 146 cc. Ng at 26° and 757 mm. N=6°9. 
0°2067 ,, 0°2320 AgIl. OMe=14'8. 

CioH,,0,N requires C=57°4; H=5'2; N=6'7; OMe=14'8 per cent. 


The action of dry hydrogen cnloride on this compound in dry 
ether resembles that of this reagent on the acetyl derivative of 
salicylaldoxime (compare Brady and Dunn, loc. cit.). At first no 
visible change takes place, but after some ten minutes the liquid 
gradually becomes deep red. No hydrochloride is, however, 
obtained, but, after some time, a small quantity of a dark red 
compound is precipitated, the yield, however, being too small to 
permit of investigation. The similarity of the behaviour of mono- 
acetylvanillinoxime in this respect to acetylsalicylaldoxime suggests 
that the acetyl group occupies the same position in these compounds, 
that is, the oximino- and not the phenolic group is acetylated. In 
the case of the monoacetyl derivative of p-hydroxybenzaldoxime the 
reverse is the case, and a hydrochloride of p-acetoxybenzaldoxime is 
precipitated on treatment of an ethereal solution with dry hydrogen 
chloride (compare Brady and Dunn, Joc. cit.). It has not been 
found possible so far to determine the conditions under which the 
red compound described above is formed, or to prepare any quantity 
of it, and the authors are not able to offer any suggestion as to 
its formation. 


Diacetylvanillinoxime. 


Vanillinoxime was dissolved in warm acetic anhydride, and the 
solution allowed to remain for ten minutes, when it was shaken 
with sodium carbonate solution until it no longer possessed the 
odour of acetic anhydride. The solid which had separated was 
collected, washed, and recrystallised from dilute alcohol, when it 
Separated in very pale rose-pink needles melting at 95°: 
7s 2 
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0°1326 gave 0°2772 CO, and 0°0594 H,O. C=57'0; H=5°0. 
0°3430 ,, 166 c.c. N, at 26° and 756mm. N=5'5. 
0°3610 ,, 03409 Agl. OMe=12'4. 

C,,H,30;N requires C=57°3; H=5'1; N=5'5; OMe=12°3 per cent. 


Carbanilinovanillin, C,H;*NH*CO,*C,H;(OMe)-CHO. 


Vanillin was dissolved in dry ether in a stoppered bottle, and a 
molecular amount of phenylcarbimide added. The bottle was 
tightly stoppered and left for twenty-four hours. At the end of 
that time the greater portion of the carbanilino-derivative had 
crystallised out in bunches of fine needles, which were collected, 
pressed on a porous plate, and recrystallised from alcohol. A 
further quantity was obtained by evaporating the ethereal filtrate 
in a current of dry air. Carbanilinovanillin crystallises in colour- 
less needles melting at 116—117°: 


0°3590 gave 17°0 c.c. N, at 24° and 750 mm. N=5'4. 
C,;H,,0,N requires N=5'2 per cent. 


In attempting to prepare the oxime this compound was dissolved 
in alcohol and hydroxylamine hydrochloride (1°5 mols.), and sodium 
hydroxide (1 mol., insufficient to decompose all the hydroxylamine 
hydrochloride in order to avoid free sodium hydroxide in the 
solution) were added, each being dissolved in a little water; the 
mixture was left for twenty-four hours in the ice-chest. The deep 
red product was diluted, and the small quantity of solid matter 
which separated was collected. On crystallisation this solid proved 
to be diphenylecarbamide (m. p. 232°), a product of hydrolysis: 

NHPh:CO,°C,H,(OMe)-CHO + H,0 = 

OH-C,H,(OMe)-CHO + NHPh-CO,H. 
2NHPh:CO,H =(NHPh),CO + CO, + H,0. 


The aqueous-alcoholic solution was extracted with ether, and the 
ether evaporated, but from the dark-coloured solid so obtained only 
vanillinoxime and diphenylcarbamide could be obtained. The 
hydrolysis of the carbanilino-aldehyde under these conditions seems, 
therefore, to be practically complete. 


Action of Hydrogen Chloride on Veratraldoxime. 


Veratraldoxime was obtained in the usual way from veratralde- 
hyde, and- was treated in dry ethereal solution with dry hydrogen 
chloride. A pale pink hydrochloride was precipitated, which melted 
at 151°: 

0°2854 required 13°0 c.c. V/10-AgNO;. Cl=16'1. 

C,H,,0,N,HCl requires Cl=16°3 per cent. 
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This hydrochloride on decomposition with ice-cold sodium carbon- 
ate solution gives an oil which slowly solidifies on scratching. The 
solid melts at about 56°, but after recrystallising from cold benzene 
and light petroleum it melts at 88°, and does not sensibly depress 
the melting point of veratraldoxime (m. p. 94°). Small quantities 
were kept in a desiccator and in the open air for twenty-four hours, 
and in each case the melting point rose to above 84°, and the 
substance seemed to be almost pure veratraldoxime. Treatment of 
the substance of low melting point with acetic anhydride, and sub- 
sequently sodium carbonate solution, gave a small quantity of 
nitrile, but mainly the acetyl derivative of veratraldoxime, as 
shown by hydrolysis of the acetylation product with potassium 
hydroxide, ammonia, a very small quantity of dimethoxybenzoic 
acid, and veratraldoxime being the products. 

Attempts were made to prepare a syn-oxime from veratraldoxime 
by slightly different methods. Chloroform was substituted for ether 
in the preparation of the hydrochloride, but the latter was found 
to be soluble in this solvent, and was precipitated on the addition 
of ether. The hydrochloride so obtained proved to be identical 
with that described above. 

The hydrochloride was fractionally crystallised from chloroform 


and ether in the hope of separating it into two substances (see 
above), but without success. It was also decomposed by adding 
it to an ice-cold solution of sodium carbonate, on which was floating 
a layer of benzene, thus ensuring the rapid removal from the sodium 
carbonate solution of the oxime as formed. The benzene layer was 
separated, dried, and light petroleum added; the compound pre- 
cipitated proved, however, to be the original ant?-oxime. 


Acetylveratraldoxime. 


Veratraldoxime was acetylated in the usual way by treatment 
with acetic anhydride and subsequently with sodium carbonate 
solution to remove excess of the anhydride. The acetyl derivative 
did not solidify, so the oil was extracted with ether; after removal 
of the ether the oil, on being cooled in a freezing mixture and 
being scratched, set to a solid, which was pressed on a porous plate 
and recrystallised from light petroleum. It forms colourless crystals 
melting at 68°: 

0°1072 gave 0°2318 CO, and 0°0569 H,O. C=58°9; H=5°9. 

C,,H,,0,N requires C=59°2; H=5'8 per cent. 


O-Methyl Ether of Veratraldoxime. 


To a solution of veratraldoxime in alcohol an equivalent amount 
of sodium dissolved in alcohol was added, followed by a slight excess 
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cf methyl iodide. The mixture was heated for ten minutes on the 
water-bath, diluted, and extracted with ether. The ethereal solu- 
tion was shaken first with dilute sodium hydroxide solution, and 
then with water to remove unchanged oxime; the ether was 
removed, and the oily product distilled in a current of steam. The 
O-methyl ether distilled in oily drops, which soon solidified in the 
receiver. The solid was recrystallised from diiute alcohol, when 
it formed colourless needles melting at 59—60°, having a slight 
but rather unpleasant odour, differing in this respect from most 
other O-ethers of the oximes, which have a pronounced and fragrant 
smell : 

0°3684 gave 23°7 c.c. N, at 25° and 756 mm. N=7°3. 

0°3420 ,, 221 cc. No at 25° and 756 mm. N=7°4. 

C,9H,;0,N requires N=7'2 per cent. 

It is noteworthy that this is another of those compounds contain- 
ing several methoxyl groups which, owing to the formation of 
methane, give abnormal results by Dumas’ method for determining 
nitrogen. Correct analyses can be obtained, however, if the sub- 
stance is mixed with cuprous chloride before introduction into the 
tube. 


Determination of the Position of the Acetyl Group in Acetyl-n- 
methorybenzaldoxime and in Monoacetylvanillinoxime. 


Acetyl-m-hydroxybenzaldoxime was dissolved in dry ether, and 
excess of dry silver oxide and methyl iodide added. After shaking 
and leaving for some days the solution was filtered, and the ether 
and excess of methyl iodide were removed. The odourless and 
uncrystallisable oil was boiled for three minutes with 2N-sodium 
hydroxide, the mixture acidified and extracted with ether. On 
removing the ether an oil was obtained, which solidified in a freez- 
ing mixture, and proved to be m-methoxybenzaldoxime by its 
melting point and comparison with that substance. 

The monoacetyl derivative of vanillinoxime was treated in the 
same way, but as no crystalline compound could be obtained the 
method was abandoned, and an attempt to solve the problem made 
through the preparation of acetovanillinoxime, a compound in 
which the acetyl group is undoubtedly attached to the phenolic 
hydroxyl group. Acetovanillin, prepared by Pschorr and Sumu- 
leanu’s method (Ber., 1899, 32, 3407), was oximated by dissolving 
it in alcohol and adding hydroxylamine hydrochloride (1°5 mols.) 
and sodium hydroxide (1 mol.), each dissolved in a little water, the 
mixture being cooled during the addition. The mixture was left 
for twenty-four hours in the ice-chest, and was then diluted, acidi- 
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fied, and extracted with ether. After removing the ether an oil 
was obtained, which did not crystallise even when cooled to — 25°. 
This oil was left for some weeks in an exhausted desiccator over 
potassium hydroxide, but did not solidify; it was too readily 
soluble to be crystallised from diluted alcohol or acetone, good 
media for the recrystallisation of monoacetylvanillinoxime, and it 
separated as an oil from benzene and light petroleum. Attempts to 
purify this substance by means of the preparation of the hydro- 
chloride were also unsuccessful. Dry hydrogen chloride, when 
passed into a dry ethereal solution of the oil, precipitated a viscid 
hydrochloride, which on treatment with sodium carbonate solution 
yielded an uncrystallisable oil (compare Brady and Dunn, loc. cit.). 

The compound on hydrolysis with 2.V-potassium hydroxide yields 
acetic acid and vanillinoxime; on exposure to moist air decom- 
position slowly takes place, acetic acid being formed and vanillin- 
oxime crystallising out. The oil appears to consist mainly of 
acetovanillinoxime, AcO-C,;H,(OMe)-CH:NOH, and consequently 
the crystalline monoacetylvanillinoxime previously described must 
have the structure HO-C,H;(OMe)-CH:NOAc. 


In conclusion, the authors wish to express their thanks to the 
Research Fund Committee of the Chemical Society for a grant 
which has defrayed the expenses of this research. 

RoyaAL CoLLEGE OF SCIENUF, 


THE IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SourH KENSINGTON. 


CCX XVI.— Overvoltage. 


By Epcar NEwBERY. 


Tue whole subject of overvoltage, its properties, magnitude, and 
determining factors, is at present in such an undecided state, in 
spite of extensive researches already carried out, that the follow- 
ing work was originally begun mainly with the idea of helping to 
decide between the many different theories put forward. In the 
course of the investigation, however, a number of new phenomena 
were observed for which no existing theory can account. The final 
explanation offered, therefore, embraces some of the principles 
put forward in the earlier theories, together with new determining 
factors which have been established for the first time in this work. 

A precise statement of what is understood by the term “ over- 
voltage” in this paper is first necessary, as different authors have 
used the term in slightly different senses. 
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If an oxygen and a hydrogen electrode in dilute sulphuric acid 
be combined to form an electrolytic cell, the potential of the cell 
will be about 1°1 volt. If, now, an 7.M.F. of 1:1 volt be applied 
from an external source in opposition to the cell, the back #.M.F. 
set up by the latter will neutralise the applied potential, and no 
current will flow. If the applied potential be now increased, the 
back #.M.F. will also increase up to a certain limit, and until this 
limit is exceeded by the applied potential, no permanent current 
will flow. This increase of the back 7.M.F. above the normal is 
the overvoltage of the cell as a whole, the increase of potential at 
each electrode being termed the anodic and cathodic overvoltage 
respectively. 


Throughout this paper, cathodic overvoltage is to be understood 
unless the contrary is stated. 

A pparatus.—A long series of preliminary experiments was first 
carried out before it was found possible to suppress the large 
number of disturbing factors encountered when measuring over- 
voltage. 

The form of apparatus finally found to be the most accurate is 
shown in Fig. 1. 

The variable, applied #.1/.F. was taken from the movable points 
K;, Ky on the potentiometer P;, the current passing along the 
path ACXM. The current density was determined by means of 
the milliammeter M/, and the voltage, when required, by the volt- 
meter V. The commutator X, rotating 2500 times a minute, 
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alternately made this circuit and broke it, at the same time con- 
necting the cathode C in a circuit containing an accurately cali- 
brated metre bridge P,, a galvanometer G, and a standard 
hydrogen electrode H. The galvanometer was a very sensitive 
Ayrton-Mather reflecting instrument, and an adjustable shunt S 
was attached to vary the sensitiveness when required. 

A Weston cadmium cell I (#.M.F.=1'0185 volt) was used as 
standard of #.M.F. 

When hydrogen was being liberated from C, if overvoltage were 
absent, the potential of C should be the same as that of the 
hydrogen electrode H. The actual difference observed and 
measured on the potentiometer P, therefore gave at once the 
cathodic overvoltage of the metal C. 

Scope of Experiments.—The following determinations were made 
in this series: 

(1) The overvoltage, as far as possible under normal conditions, 
of a number of different metals. 

(2) The influence of current density and time, including the 
effect of breaking the circuit for definite intervals. 

(3) The influence of colloids. 

(4) The production of physical changes in the surface as re- 
vealed by microscopic examination. 

(5) The influence of high gaseous pressures. 

(6) Measurement of the ionisation of the gas liberated. 

(la) Overvoltage of Lead—A small rod of pure electrolytic 
lead was made by casting in a glass tube, and was partly covered 
with hard sealing-wax, leaving only 1 sq. cm. exposed. This was 
used as cathode in the apparatus just described, the anode being 
a large platinised platinum plate. 

The solution used was 10 per cent. sulphuric acid in carefully 
purified conductivity water. 

Current densities of 100, 200, and 300 milliamperes per sq. cm. 
were used, as it was found that for most metals the change of over- 
voltage with current density is small over this range. 

The average of about seventy measurements * is given below: 


Current density............ 109 200 300 mil. amps. per sq. cm. 
Overvoltage 0-66 0-65 0-64 volt 


Maximum deviation from the average +0-05 volt. 


A measurement of the direct difference of potential between C 
and H (Fig. 1) was also made while the current was passing by 


* Measurements given in this section were obtained by alternately increasing and 
decreasing the current density between 100 and 300 milliamperes per sq. em., about 
one minute being required for each reading. After this had been continued for 
about fifteen minutes the current was interrupted, the metal examined and cleaned 
if necessary, and the whole process repeated. 
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simply short-circuiting the commutator X. Under these condi- 
tions, the increased potential at the cathode necessary to overcome 
the resistance of a film of gas round it is measured in addition to 
the true overvoltage or back 4.M.F. 

The average of about forty measurements is as follows: 


Current density 100 200 300 mil. amps. per sq. cm. 
Direct potential difference... 1:16 1:32 1-44 volts. 


Maximum deviation from the average +0-20 volt. 


(16) Overvoltage of Platinum.—Experimental details were the 
same as with lead: 
Current density 100 200 300 mil. amps. per sq. cm. 
Iwervoltage 0°07 0-08 0-08 volt. 
Maximum deviation from the average +0-015 volt. 


The same with commutator short-circuited : 
Current density 100 200 300 mil. amps. per sq. cm. 


Direct potential difference ... 0-36 0-65 0-88 volt. 
Maximum deviation from the average + 0-20 volt. 


The direction of the current in the experimental cell was re- 
versed, the small platinum plate being now the anode: 
Current density 200 300 mil. amps. per sq. cm. 
Anodic overvoltage 5 0-56 0-56 volt. 
Maximum deviation from the average +0-01 volt. 


(le) Overvoltage of Mercury.—A small glass cup 1 sq. cm. in 
cross-section, sealed on to a U-tube containing mercury, was used 
as cathode, connexion with the rest of the apparatus being made 
by means of a platinum wire dipping in the mercury. 

In this case there appear to be two series of values for the over- 
voltage which coincide at very high and very low current densities, 
but are widely divergent with moderate current densities. These 
results are shown in tabular form in Section 2. 

(1d) Overvoltage of Zine—In this case, the method was 
modified in order to obtain the overvoltage when the metal itself 
is being deposited instead of hydrogen. 

The solution used throughout the apparatus, including the 
hydrogen electrode, was 10 per cent. sulphuric acid, as before, but 
the experimental vessel contained also sufficient zinc sulphate to 
make the liquid of 10 per cent. strength in zinc. 

To obtain a true measure of the overvoltage here, where zinc is 
being liberated, a standard zinc electrode should be used in place 
of the hydrogen electrode. Since the hydrogen electrode was used, 
as being more convenient, and the difference in potential between 
this and a zine electrode is 0°770 volt, the measured values of the 
overvoltage of zinc should all be reduced by 0°77 volt. 
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This has been done in the following tables: 
Current density 200 300 mil. amps. per sq. cm. 
Zine overvoltage 0-091 0-092 0-094 volt. 

Maximum deviation from average = + 0-004 volt. 


The same with commutator short-circuited : 
Current density 100 200 300 mil. amps. per sq. em. 
Direct potential difference ... 0-28 0:44 0.56 volt. 

Maximum deviation from average = + 0-025 volt. 


(2) Lhe Influence of Current Density and Time.—The influence 
of these two factors is so great and so confusing that the figures 
given in Section 1 (with exceptions, to be referred to later) must 
be taken rather as typical of those which may be obtained than 
as accurately reproducible data. 

The following table shows the variation of the overvoltage of 
lead with change of current density: 

Current. Over- Current. Over- Current. Over- 

Milli- voltage. | Milli- voltage. Milli- voltage. 

amperes. Volt. | amperes. Volt. amperes. Volt. 
0-62 | 50 0-70 90 0-67 
0-64 60 0-68 100 0-67 
0-66 | 70 0-67 200 0-66 
0-71 80 0-67 300 0-64 

The readings in this and in the following table were taken at 
intervals of about two minutes, so that the influence of time would 
in all cases be comparable. 

The following table shows the variation in overvoltage with 
current density of platinum, mercury, and zinc, that of platinum 
and mercury being measured during liberation of hydrogen, and 
that of zinc during deposition of the metal. 

Two series are given for mercury. These were obtained with 
the same mercury at different times, and well illustrate the erratic 
behaviour of mercury under these conditions. 


Platinum Mercury 


Current density . 
per sq. cm. Cathodic. Anodic. Series 1. Series 2. Zine. 
Milliamperes. It. Volt. Volt. Volt. Volt. 

10 , 0-56 0-74 0-54 0-089 
20 , 0-56 0.70 0-45 0-089 
50 , 0-56 0-67 0-40 0-090 
100 > 0-56 0-64 0-30 0-091 
200 . 0-56 0-59 0-07 0-092 
300 , 0-55 0°54 0-08 0-094 
500 . 0-55 0-16 0-04 0-094 
1000 , 0-55 —0-01 —0-01 0-095 
2000 . 0-54 — 9-05 0-05 0-096 


In these tables it should be noted that platinum and lead show 
a preliminary rise and then a fall of cathodic overvoltage as the 
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current density increases; platinum shows a very slight fall of 
anodic overvoltage, mercury a very large fall of cathodic over- 
voltage, and zinc a very small rise throughout. A discussion of 
the reasons for these changes will be made later. 

Influence of Time.—In the complicated relation between the 
magnitude of the cathodic overvoltage and the duration of electro- 
lysis the following observations were made: 

Platinum.—Current density, 300 mil. amps.; 400 mil. amps. 
per sq. cm.: 

Volt. Volt. 


Overvoltage after 1 minute................-. 0-076 0-060 
ae SS « 0-080 0-063 
~~ .. 0-088 0-092 
Be .% 0-100 0-104 
1 hour 0-112 0-120 
wn 0-173 0-236 
2 = .. 0-401 0-200 
‘a — . 0-511 0-120 
After 5 minutes’ rest with no current 0-080 — 
further ten minutes with current ... 0-122 


” 


*? 


b 


Mercury.—Current density, 20 mil. amps. per sq. cm. Over- 
voltage measured at intervals of three minutes: 0°24, 0°32, 0°35, 
0°50, 0°54, 0°62, 0°66, 0°69, 0°76, 0°75, 0°77, 0°76 volt. 

Current density, 60 mil. amps. per sq. cm. Overvoltage 
measured at intervals of three minutes: 0°44, 0°43, 0°42, 0°41, 
0°32, 0°30, 0°32 volt. 

Zinc (metal being deposited)—Current density, 100 mil. amps. 
per sq. cm. Overvoltage measured at intervals of ten minutes: 
0°094, 0°092, 0°091, 0°091, 0°091 volt. 

The general conclusions arrived at are as follows. When 
hydrogen is being liberated with a low current density, the over- 
voltage increases with time, apparently without limit in the case 
of platinum, and to a high but variable limit in the case of 
mercury. 

With a high current density, the overvoltage of lead, platinum, 
and mercury at first increases, reaches a maximum the position of 
which depends en the current density, and then falls slowly. The 
time taken to reach the maximum is very small in the case of 
mercury and lead, and great in the case of platinum, but is 
diminished in all cases by increase of current density. When a 
metal is being deposited, the time effect is almost negligible, only 
a very slight fall of overvoltage being observed with high or low 
current densities. 

The effect of breaking the circuit for a definite interval has 
been mentioned in this section in the case of platinum. The 
same experiment tried with lead gave a similar result. On re- 
making the circuit, the overvoltage was found to be much lower 
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than before, but rapidly rose to a very high value, afterwards fall- 
ing slowly. 

With mercury at low current densities, a slight lowering of the 
overvoltage was caused by similar treatment, due, probably, to 
slow diffusion of hydrogen from the surface deeper into the metal. 
On re-making the circuit, the overvoltage soon rose to its former 
value, but not above it, as with lead and platinum. 

At high current densities, the effect of breaking circuit on 
mercury was exactly reversed, the overvoltage being first raised 
and then lowered by the treatment. Zinc, when metal was being 
deposited, showed none of these effects. 

(3) The Influence of Colloids——It has been found by Le Blanc 
(“Die Elek. Krafte der Polarisation,’ Knapp, Halle, 1910) and 
by Pring and Tainton (this vol., p. 710) that colloids exert a very 
large influence on the electrolysis of solutions of metallic salts. 
This influence has been attributed to a number of causes, which 
also operate in the determination of overvoltage. It therefore 
became of importance in the present investigation to make com- 
parative measurements of the effect of several colloids on over- 
voltage. 

(a) Influence on Overvoltage of Lead.—The following table 


gives the average values for the overvoltage of lead in 10 per cent. 
sulphuric acid containing various colloids, current densities from 
100 to 300 milliamperes per sq. cm.*being employed: 


Without colloid, overvoltage = 0-65 volt 

With 0-05 per cent. of dextrin, overyoltage ... =0-65 ,, 
» 10 vs re . =0-75 ,, 
» O82 ,, gelatin wo OTS ., 
» 10 ” 9 99 <<. =080-~, 

The following points were observed when making these measure- 
ments: 

(i) The time effect referred to in the preceding section is greatly 
altered. The time required to reach a maximum overvoltage with 
a given current density was increased thirty- to sixty-fold by the 
presence of 0°02 per cent. gelatin, and when 1 per cent. gelatin 
was present no maximum could be attained in twenty-four hours. 

(ii) The current-density effect is also greatly altered. At low 
current densities the overvoltage was only slightly changed, but 
at high current densities the fall of overvoltage with increasing 
current was practically eliminated by the presence of 1 per cent. 
of gelatin. 

(ii1) When first placed in a solution containing a colloid, the 
metal showed an overvoltage little different from that in pure acid 
with moderate current densities, but this soon rose to the value 
given above. 
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If, now, this metal was taken out, washed with distilled water, 
and even lightly scraped with a razor blade, and its overvoltage 
then measured in pure acid, the value at first given corresponded 
with that in the solution containing a colloid, and only slowly fell 
to its normal value for pure acid. Heavy scraping with the razor 
blade at once restored the normal value. 

This fact furnishes strong evidence for the supposition that the 
colloid penetrates the metal surface before affecting the over- 
voltage. 

(6) and (c) Influence on Overvoltage of Platinum and Mercury. 
—The effect of the presence of colloid in these two cases was much 
the same as with lead. 

At low current densities the overvoltage was raised very slightly, 
whilst at high current densities the overvoltage remained nearly 
constant. This is illustrated by the following table, which refers 
to platinum in a solution containing 0°05 per cent. of gelatin. 
The values of the overvoltage without colloid are added for the 
sake of comparison : 


Overvoltage 
Current density. y , 
per sq. cm. With colloid. Without colloid. 

20 milliamperes ............... 0-08 0-06 
50 i rr 0-09 0-06 
100 uaa FS NAME 0-10 0-07 
200 ceed a 0-10 0-08 
500 —> >. — enemas 0-10 0-05 
1000 - qj.§. Saeneconiaesss 0-10 0-03 
2000 PE LIES NES 0-09 —0-03 


(d) Influence on Overvoltage of Zinc.—The effects in this case 
were studied in greater detail in order to determine whether the 
remarkable influence exerted by colloids on the nature of the 
deposit when a zinc salt is electrolysed is in any way connected 
with overvoltage phenomena. 

The solution used was the same as that described in Section (1d), 
the required colloid being dissolved in the stock solution when 
wanted. 

Current densities from 100 to 600 milliamperes per sq. cm. were 
used, the overvoltage in all cases being nearly constant for this 
range. 

Results were as follows: 


Without colloid, overvoltage ............sceeeeees =0-09 volt 

With 0-05 per cent. of dextrin, overvoltage...... =0-13 ,, 
» ps + overvoltage...... =0-09 ., 
» C8 ss gum arabic, overvoltage =0-08 ,, 
» 45 = ms overvoltage =C-09 ,, 


A solution containing 10 per cent. of zinc as zinc sulphate, but 
no acid, was then used with a zine anode instead of platinum. 


ad 


bal 


l. 


Zinc. before. Zinc, after, 


Copper, after. 


Platinum, before., Platinum, after. 


Microphotographs of metal cathode plates before and after electrolysis with a current 
density of 1 ampere per sq. cm., for two hours. Magnification 350 diameters. 


[To face p. 2427. 
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The hydrogen electrode vessel contained 10 per cent. sulphuric 
acid, as before: 
Without colloid, overvoltage = 0-12 volt 


With Me og per cent. of gelatin, overvoltage =0-08 ,, 
overvoltage ==0-12 ,, 


9) 29 ” 


The higher values in this case are partly due to the boundary 
potential at the junction of the zinc sulphate and sulphuric acid 
solutions. 

(4) Physical Changes in the Metal Surface.—It has, of course, 
long been known that the nature of the surface has an important 
influence on overvoltage. In addition to this surface influence, it 
has been found by Pring (Zettsch. Hlektrochem., 1913, 6, 255) 
that in the case of a film of one metal deposited on another, the 
thickness of the film and the physical condition of the metal back- 
ground both have an important determining effect on overvoltage. 
No suggestion, however, appears to have been yet made that the 
physical condition of the metal surface can be changed by the 
progress of the electrolysis. 

In the present work, this was suspected to be the case when a 
polished platinum plate was used as cathode. After passing a 
heavy current through it for a short time the surface was dulled, 
and when the current had been passed for several hours a uniform 
blackening of the surface was observed, which chemical tests 
showed to be due to pure platinum. Similar blackening was 
observed at both anode and cathode if small plates or wires were 
used in sulphuric acid or sodium hydroxide solution, great care 
being taken in all cases to avoid accidental impurities. 

Heavy currents (1 to 2 amperes per sq. cm.) were tried with 
cathodes of polished lead, zinc, and copper. In each case the 
metal surface became first dull and then blackened. 

Microscopic examination revealed the fact that this dulling and 
blackening of the surface was due to extremely minute pittings 
in the metal, some of which when observed with slightly oblique 
illumination showed a peculiar crater-like form, suggesting that 
the surface of the metal had been blown open by an internal 
explosion. 

Microphotographs of polished plates of platinum, copper, and 
zinc before and after electrolysis with a current density of 1 ampere 
per sq cm. are shown in Fig. 3. As the photographs were of neces- 
sity taken with perpendicular illumination, the shape of the 
markings is not so well seen in the prints as it may be under the 
microscope itself. 

(5) The Influence of High Gaseous Pressures—In order to 
examine the effect of high pressures on overvoltage, the apparatus 
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shown in Fig. 2 was used in a steel enclosure capable of support- 
ing a pressure of 300 atmospheres. 

The apparatus is of glass, except the two loosely fitting covers, 
which are of ebonite. Cork or indiarubber cannot be used in the 
pressure chamber, as it is crushed up and falls into the vessel. 
H is a platinised glass electrode, which serves as a hydrogen or 
oxygen electrode, according to the high-pressure gas used in the 
chamber. 

A long series of measurements was made in this way, using 
pressures from 1 to 100 atmospheres of hydrogen while measuring 
zinc overvoltage, and of oxygen while measuring the anodic over- 
voltage of platinum. 

In the former case, no change of overvoltage could be detected. 
In the latter, a fall of about 0°02 volt appeared to be caused after 
two or three minutes by the application of 100 atmospheres 
pressure of oxygen, but if the gas was 
allowed to enter or escape from the pres- 
sure chamber while the galvanometer key 
was depressed, no deflexion of the galvano- 
meter was observed during change of pres- 
sure. The apparent change, therefore, may 
have been caused by variation of the 
oxygen electrode. 

It follows from these experiments that 
no appreciable influence is exerted on the 
‘ overvoltage by the application of a pres- 
(_)| sure of 100 atmospheres. 

(6) Measurement of the Ionisation of 
the Gas Liberated.—Townsend (Proc. 
Camb. Phil. Soc., 1897, 5, 9) has shown that electrolytic gases 
carry with them a considerable electrical charge. The possibility 
of this charged gas exerting an effect on the potential of the metal 
from which it has been liberated has up to the present been 
overlooked. 

A long series of experiments was carried out, using cathodes 
of lead, platinum, copper, and mercury. The apparatus employed 
was similar to that of Townsend (Phil. Mag., 1898, [v], 45, 126), 
with the washers 4 and B omitted. 

The following data refer to the apparatus used: 


Fic. 2. 


Capacity of electrometer 0:00005 micro-farad 
inductor 0-000047 = 
washers 0:000025 ve 


One volt applied to electrometer gave a deflexion of ten 
divisions on the scale. 
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The electrolyte used in all cases was 10 per cent. sulphuric acid 
solution. 

Currents from 7 to 18 amperes were used with cathodes from 
4 to 15 sq. cm. area. 

The conclusions drawn from a very large number of measure- 
ments are given below. 

The following factors were found to affect the degree of ionisa- 
tion of the gas liberated: (a) current density; (>) temperature; 
(c) time; (¢) colloids; (¢) other impurities; and (f) metal used 
for electrode. 

(a) Changes of current density affect the degree of ionisation 
very little. With a lead cathode, the ionisation increased slightly 
when the current was doubled or the surface area of the lead 
halved, but with other metals no such change could with certainty 
be detected. 

(6) The effect of temperature is considerable, and varies with 
the metal used. With a lead cathode the temperature effect is 
very small. With a platinum cathode, heating the liquid from 
20° to 60° doubled the degree of ionisation for a short time. 
With a mercury cathode, the ionisation was increased about 10 per 
cent. by a similar rise of temperature. With a copper cathode, an 
increase of 10 per cent. was produced by a rise in temperature of 
10°, but in all cases the temperature effect is so confused with 
others that it is difficult to state exactly what part of the increase 
is due to temperature alone. 

(c) Time has a large influence on the degree of ionisation of 
the gas. With all the solid electrodes used, the ionisation rapidly 
fell after the current was first started, usually attaining about half 
its original value in less than two minutes. After this it remained 
fairly constant, although a slow rise was observed after prolonged 
electrolysis. Interruption of the progress of electrolysis for 
definite periods always produced a temporary rise in the degree 
of ionisation of gas from the solid metals, the rise being the greater 
the longer the interval of rest. 

It should be noted that all these effects are exactly the reverse 
of those observed with overvoltage. With mercury, a general ten- 
dency for the gas ionisation to increase with time was observed, the 
rise in some cases being 50 per cent., but the behaviour of the mer- 
cury cathode is so erratic that no definite statement can be made. 

(d) A very small quantity of colloid (0°1 per cent. of gum arabic) 
was found to lower the degree of ionisation of gas from a copper 
cathode to about one-third of the normal value, but the maximum 
lowering was only attained after the current had been passing for 
three minutes. 

VOL. CV. i 
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(e) The addition of a small quantity of copper sulphate to the 
electrolyte had little or no effect on the degree of ionisation of 
the gas from a copper cathode. 0°2 Per cent. of potassium 
dichromate added to the electrolyte increased the ionisation of 
hydrogen from a platinum cathode by 25 per cent., and of oxygen 
from a platinum anode by 50 per cent. 

(f) With a current of 8 amperes, and temperatures from 15° to 
40°, the average number of divisions per minute through which 
the spot of light from the electrometer was deflected, is given in 
the following table: 


Washers connected Inductor connected 
Metal used. to electrometer. to electrometer. 
Platinum (cathode) 20 divisions 5 divisions 
9 (anode) 8 a .  o 
Copper (cathode) me a 
Lead S » 


” %9 


Mercury ,, iw 2 


Amalgamating the surface of lead or copper lowers the ionisa- 
tion of the hydrogen liberated from them. Mercury shows a very 
erratic behaviour. On one occasion, when a current of 16 amperes 
was being used, deflexions of 12 divisions per minute were 
obtained, when the washers were connected to the electrometer, for 


four consecutive series of readings lasting two minutes each, with 
three-minute intervals for cooling. Then suddenly, for no apparent 
reason, deflexions of 32, 28, 28, 28, 28 divisions per minute were 
obtained. This sudden change of ionisation may be compared with 
the sudden changes of overvoltage of the same metal. 

The relation between the ionising power of a metal and _ its 
overvoltage is remarkable. 

In every case tried, where an increase in the quantity or degree 
of ionisation of electrolytic gas is produced, a corresponding fall 
of overvoltage is observed, and vice versa. 

The order in which the metals employed lie with respect to 
ionising power is: (1) platinum ; (2) copper; (3) lead; (4) mercury ; 
the order with respect to overvoltage is exactly the reverse of this. 

The ionising power of mercury is liable to a sudden rise to a 
high value after using a high current density. Under the same 
conditions, the overvoltage falls suddenly to a very low value. 

Ionisation of the evolved gas is increased by rise of temperature, 
overvoltage is diminished. 

Ionisation of the electrolytic gas from the solid metals falls 
rapidly after the current has been started, reaches a minimum, 
and then rises slowly. Overvoltage of the solid metals under the 
same conditions rises rapidly, reaches a maximum, and then falls 
slowly. A diminution in ionisation is brought about by colloids 
concomitantly with an increase in overvoltage. 


NEWBERY: OVERVOLTAGE. 2431 


If it be accepted that ionisation by electrolysis is only another 
form of ionisation by bubbling, then, on account of the relation 
between the size of the bubbles and the condition of the surface 
from which they are liberated, the changes of ionising power due 
to physical changes in the metal surface, presence of colloids, 
temperature, etc., may be explained in all cases, excepting the 
sudden violent changes observed with mercury. 

(7) Miscellaneous Observations Made durtng these Experiments. 
—In measurements of the overvoltage of zinc when the metal was 
being deposited, accurate and consistent results were easily 
obtained, which in all cases could be reproduced to within a 
millivolt. ; 

The direct potential difference, on the contrary, was liable to an 
error exceeding 50 millivolts.* Stirring the liquid during a 
measurement of true overvoltage had a very slight lowering effect. 

When measuring the overvoltage of lead, platinum, or mercury, 
the results obtained were subject to irregular variations of about 
5 millivolts with lead and platinum, and 5 to 500 millivolts with 
mercury. These variations are partly due to the metal being in 
contact with a solution containing insufficient of its own ions to 
balance the solution-pressure of the metal. As fast as ions are 
thrown off from the metal, they tend to be forced back again by 
the applied #.M@.F. A similar erratic potential was observed by 
Palmaer (Zeitsch. phystkal. Chem., 1907, 59, 148) when working 
with the dropping electrode, although the explanation of this 
phenomenon which was given was inconclusive. 

The variations with mercury are so very great when a consider- 
able current density is employed that it appears possible that an 
unstable hydride or allotropic form of mercury is produced under 
these conditions. 

Stirring the mercury with a glass rod decreases the overvoltage 
considerably when the current density is low, but increases it when 
the current density is high. 


Conclusions. 


The following conclusions may be drawn from the experimental 
results obtained in the present work : 

(i) During electrolysis, the charged hydrogen ion penetrates 
through the surface into the interior of the cathode, but in order 
to escape as free gas after delivering its charge, breaks open the 


* Many of the earlier investigators measured the direct potential difference only. 
The variable nature of this, dae to the resistance of the film of gas on the surface 
of the cathode may accuunt for some of the erroneous conclusions arrived at by 
these experimenters. 


772 
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surface of the metal. As long as a stream of gas is escaping, the 
small tunnels thus formed will be kept open, but on allowing the 
metal to remain, many of these pores will partly close, and require 
additional energy to reopen them, especially as the ions can now 
penerate the metal deeper than at first through the partly closed 
tunnels. 

(ii) Colloids also enter the pores in the metal surface, and their 
full effect on overvoltage and ionisation is not shown until they 
have penetrated in this way. 

(iii) Hydrogen liberated in an acid solution is positively charged 
and acts inductively upon the electrode, greatly lowering the over- 
voltage at high current densities. 

(iv) Oxygen liberated in an acid solution is also positively 
charged, and exerts little or no effect upon the surface, which has 
a similar charge on it. 

(v) Generally speaking, the true overvoltage of a metal is very 
small when the metal itself is being deposited, compared with 
what it is when hydrogen is being liberated. 

Theories of Overvoltage.—Various theories of overvoltage have 
been suggested by, among others, Caspari (Zeitsch. phystkal. Chem., 
1899, 30, 89), Nernst (‘‘ Theoretical Chemistry,” English transla- 
tion, 1904, p. 736), Tafel (Zeitsch. physikal. Chem., 1905, 50, 641), 
Bose (2b:d., 1900, 34, 701), Reichinstein (Z7'rans. Faraday Soc., 
1914, 9, 228), Miiller (Zeitsch. physikal. Chem., 1909, 65, 226), 
Marie (Compt. rend., 1908, 147, 1400), and Le Blane (/oc. cit., and 
Trans. Faraday Soc., 1914, 9, 251). 

A study of the above works will show that none of the present 
theories accounts for all the facts mentioned in the present 
research. 

Le Blanc, by measurements with an oscillograph, has showed 
clearly that overvoltage observed during deposition of a metal is 
largely determined by chemical changes which take place during 
liberation of ions. He assumes that the ions are extensively 
hydrated. 

Recent work on electromotive forces in alcohol by Lapworth and 
his assistants (including the author of this paper) has shown beyond 
doubt that the ions in an aqueous solution are strongly hydrated, 
and therefore this assumption of Le Blanc’s is fully justified. His 
theory will satisfactorily account for metal overvoltage, but fails 
in several important respects to account for many of the pheno- 
mena observed in measuring hydrogen overvoltage. 

No theory of overvoltage has up to the present been suggested 
which will account for the great fall of overvoltage to below zero 
when very high current densities are used, or for the remarkable 
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parallelism between hydrogen overvoltage and ionisation of the 
liberated hydrogen. 

The following theory is therefore put forward as accounting fully 
for all the phenomena so far observed in the study of overvoltage. 

Determining Factors of Overvoltage.—The results of the present 
work show that the phenomenon of overvoltage is controlled by the 
following factors: 

(1) Supersaturation of the electrodes with gas in the molecular 
condition, the accumulation of this gas being brought about 
through the permeability of the metal to ions, and the inability of 
the free gas to escape except by solution or breaking the metal 
surface. 

(2) Deficiency or excess of intermediate metastable products 
which are formed in the transition from the ionic to the molecular 
state. In view of the known fact that ions are hydrated, this 
intermediate product is probably the non-hydrated ion. 

(3) Inductive action of the escaping ionised gas bubbles on the 
electrode. 

Of these three, the first two increase the overvoltage, while the 
third generally decreases it. Evidently, where no gas is being 
liberated, factors (1) and (3) are absent, and factor (2) alone is 
responsible. When gas is liberated at high current density, factor 
(3) completely overpowers (1) and (2). At low current density, 
factor (3) becomes small, but has not been found to be negligible. 

According to the observations made in the present work on the 
occlusion of gas in the metal, the maximum overvoltage is largely 
determined by the mechanical strength of the metallic crystals at 
the surface, together with surface-tension forces. With sclid 
metals, the surface will thus tend to the same limiting, broken-up 
condition, whatever its original condition may be. This fact is 
well illustrated by Pring and Curzon’s work on the overvoltage of 
iron wire (Z'’rans. Faraday Soc., 1912, 7, 237). The change of over- 
voltage with time in four different cases showed values which 
converged towards the same point. 

It is evident that very high pressures are produced by the 
occlusion of gas in the electrodes, even in the case of mercury, for 
the surface-tension forces are considerable, but it cannot be con- 
ceived that the magnitude of this pressure is sufficient to account 
for the observed overvoltage on the basis of the Nernst theory, 
according to which in some cases pressures greater than 10° atmo- 
spheres have to be admitted. From this and other considerations, 
Nernst’s theory, which relates overvoltage to the solubility of the 
gas in the metal, is not a complete explanation of the observed 
phenomena. 
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Experiments with colloids showed that a penetration of the 
colloid into the metal takes place, and that a permanent change in 
the physical nature of the metal surface results. This change 
affected the future behaviour of the metal when used afterwards 
in a colloid-free electrolyte. This shows that the presence of colloid 
has a specific effect on the electrode which determines overvoltage, 
in addition to the influence which Le Blanc demonstrated that the 
colloid possessed in affecting the velocity of hydration and dehydra- 
tion of ions. 

The very erratic nature of the hydrogen overvoltage of mercury 
may be partly understood when we consider that a slight disturb- 
ance of the surface may cause great local changes in the surface- 
tension forces. With low current density, factor 1 is predominant. 
Stirring the mercury at this stage reduces the supersaturation at 
the surface, and the overvoltage falls. With high current density, 
factor 3 is predominant, the violent rush of gas tending to reduce 
supersaturation to a low level. Stirring the mercury at this stage, 
therefore, has little effect on the supersaturation, but enables the 
surface bubbles to escape more freely before they have acquired 
a positive charge sufficient to affect appreciably the potential of the 
metal. The overvoltage therefore rises. An intermediate stage 
occurs where stirring the mercury has no effect. 

The sudden fall of the overvoltage of mercury to about one- 
quarter value at high current densities, together with the sudden 
rise of ionising power to about four times normal value under 
similar conditions, cannot be explained by the above reasoning. 
It seems possible that an unstable allotropic form of mercury may 
be produced under the influence of the electrical forces present. 


Summary. 


It has been shown that during the electrolysis of an acid solu- 
tion with metal electrodes, the gas, before liberation, penetrates 
the metal surface, and on emerging breaks open the surface. 

If a colloid is present, some of it is carried into the metal along 
with the gas. 

The presence of a colloid in all cases raises the hydrogen over- 
voltage and diminishes the ionisation of the gas liberated. The 
overvoltage during deposition of a metal is affected to a much 
smaller degree. 

The overvoltage of a metal is determined by three factors: 

(1) Supersaturation of the metal surface with non-electrified gas 
under very high pressure, due to the permeability of the metal to 
the ionised gas, but non-permeability to the molecular. 


ride 
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(2) Deficiency or excess of non-hydrated ions in the immediate 
neighbourhood of the electrodes. 

(3) Inductive action of the escaping ionised gas on the electrode. 

In certain cases, factor 3 is sufficiently powerful to reduce the 
measured overvoltage of a metal to a negative quantity. 

The overvoltage of the metal, and the ionisation of the gas 
liberated from it, show an inverse relationship. 


In conclusion, the author desires to express his sincere thanks 
to Dr. J. N. Pring for suggesting this work and for the interest he 
has taken in its progress. 
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CCXXVII.—The Reaction of p-Benzoquinone with Sul- 
phurous Acid and with Alkah. Part I. 


By Joun Watuis Dopcson. 


TuE experiments described in this paper were commenced with the 
intention of elucidating the action of sulphurous acid and sulphites 
in a solution of quinol when that solution is used as a photographic 
developer. On the assumption that gbenzoquinone is formed 
during development by the oxidising action of silver bromide in 
the presence of water, it was considered advisable to start the 
inquiry with an examination into the action of sulphur dioxide on 
a solution of p-benzoquinone in water at the ordinary temperature. 

As is well known, the reduction of »benzoquinone in aqueous 
solution by sulphur dioxide leads to the formation of quinol, but 
the yield is always less than the theoretical. The action has been 
considered to proceed on the lines represented by the equation : 

C,H,0, + SO, + 2H,O —> C,H,(OH), + H,SO,. 

It was also suggested by Mees and Sheppard (Zettsch. wiss. Photo- 
chem., 1902, 2, 5) that another reaction takes place leading to the 
formation of dithionic acid: 

C,H,O, + 280, + 2H,O —> C,H,(OH), + H.S,0,. 


EXPERIMENTAL. 


A. Preliminary Experiments on the Decomposition of 
Dithionate. 


(1) 0°1869 Gram of sodium dithionate (Na,S,O,,2H,O), when dis- 
solved in 400 c.c. of water and boiled for half an hour with 10 c.c. 


ce 
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of concentrated hydrochloric acid, gave on precipitation with 
barium chloride 0°0233 gram of barium sulphate (0°1869 gram of 
crystallised sodium dithionate should yield, if completely decom- 
posed, 0°1799 gram of barium sulphate). 

(2) 0°2132 Gram of sodium dithionate, dissolved as before and 
evaporated to dryness with 10 c.c. of fuming nitric acid, gave, on 
solution of the residue in water and precipitation with barium 
chloride, 0°4111 gram of barium sulphate (0°2132 gram of the salt 
when oxidised to sulphate should yield 0°4106 gram of barium 
sulphate). 

Dithionate is therefore only partly decomposed on boiling in 
dilute acid, but is quantitatively oxidised to sulphate by nitric acid 
under the conditions of the experiments. 


B. The Reduction of p-Benzoquinone. 


(1) In 400 c.c. of water, boiled and cooled in a current of carbon 
dioxide, 0°25 gram of pbenzoquinone was dissolved. Sulphur 
dioxide was then passed through until reduction was complete. The 
excess of sulphur dioxide was removed by evaporation, and the 
sulphuric acid precipitated with barium chloride, when 0°4331 
gram of barium sulphate was obtained. 

(2) A blank experiment made without p-benzoquinone, but other- 
wise as nearly as possible identical with the foregoing, yielded 
0°0120 gram of barium sulphate. The sulphuric acid actually 
produced during the reduction of 0°25 gram of »benzoquinone was 
therefore equivalent to 0°4211 gram of barium sulphate. 

(3) The filtrate from B(1), which contained excess of barium 
chloride, was oxidised by evaporation to dryness with 10 c.c. of 
fuming nitric acid, and the residue was boiled with water and 
filtered, when 0°1134 gram of barium sulphate was obtained, giving 
a total amount of 0°5345 gram. 

If one molecule of »benzoquinone reacted with one molecule of 
sulphur dioxide, 0°25 gram of »benzoquinone could give rise to the 
formation of 0°5394 gram of barium sulphate, and with this the 
total weight obtained fairly closely agrees. Dithionic acid, however, 
could only be formed by the interaction of one molecule of »-benzo- 
quinone and two molecules of sulphur dioxide; and, judging from 
the experiments on the decomposition of dithionate in the presence 
of acid, only a small amount of this would be precipitated as 
sulphate with the first. precipitate on boiling, but after oxidation 
with nitric acid it would be entirely precipitated as barium 
sulphate. Moreover, as the oxidation converts the whole of the 
sulphur in dithionic acid to sulphate, the effect would be to cause 
the total weight of barium sulphate precipitated to exceed 0°5394 
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gram. The fact that the total barium sulphate was below this 
amount made it seem extremely probable that dithionic acid is 
either not formed at all or is produced in such minute quantities 
as to be within the limits of experimental error. 

(4) As, however, dithionic acid on boiling might undergo decom- 
position more readily than an acidified solution of sodium dithion- 
ate, the following experiments were carried out. 0°2954 Gram of 
p-benzoquinone (1 mol.) was dissolved in 400 c.c. of air-free water, 
and 25 c.c. of 0°2188N-sulphurous acid (1 mol.) were added. The 
p-benzoquinone solution was completely decolorised, showing that 
reduction was complete; the solution had no perceptible odour of 
sulphur dioxide. The solution was precipitated with barium 
chloride, and yielded, after correction for the sulphuric acid present 
in the sulphurous acid, 0°4843 gram of barium sulphate. The 
filtrate containing excess of barium chloride was boiled for half-an- 
hour. The decomposition of dithionic acid, if it were present, 
would lead to the formation of a precipitate of barium sulphate. 
An almost imperceptible precipitate was produced. The solution 
was oxidised with nitric acid and evaporated to dryness. The 
residue yielded 0°1538 gram of barium sulphate. 

(5) The experiment was repeated, using 0°4 gram of pbenzo- 
quinone instead of 0°2954 gram. Precipitation in the cold with 
barium chloride gave 0°4884 gram of barium sulphate; the filtrate 
on boiling for half-an-hour gave no perceptible precipitate, and 
oxidation with nitric acid yielded 0°1497 gram of barium sulphate. 

The results of these experiments, particularly the complete reduc- 
tion of p-benzoquinone with a molecular quantity of sulphur 
dioxide, and the absence of a weighable amount of precipitate on 
boiling, confirm the conclusion already arrived at, namely, that 
p-benzoquinone and sulphur dioxide react almost entirely in 
molecular proportions, and that dithionic acid can only be produced 
in very minute quantity, if at all. 

Referring again to experiment £ (3), the amount of barium 
sulphate precipitated before oxidation (0°4211 gram) requires for 
its formation 0°1952 gram of p-benzoquinone, that is, 78°08 per cent. 
of the weight taken. 


(6) The Formation of Quinol. 


On dissolving 5 grams of p-benzoquinone in 400 c.c. of water, 
reducing with a current of sulphur dioxide, and extracting several 
times with ether, 4°1 grams of quinol were obtained. This conld 
be formed from 4°025 grams of pbenzoquinone, that is, 80°5 per 
cent. of the weight taken, a result which is fairly in agreement with 
that of the previous experiment, B (3). 
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It would seem, therefore, that two reactions take place when 
p-benzoquinone is reduced with sulphur dioxide (omitting the 
possible formation of minute quantities of dithionic acid). About 
80 per cent. of the quinone is reduced to quinol with the accom- 
panying oxidation of the sulphur dioxide to sulphuric acid, and the 
remainder forms a soluble sulphur compound not precipitable with 
barium chloride until after oxidation. 


C. The Nature of the Second Compound: Preparation of the 
Sodium Salt. 


Five grams of pbenzoquinone were reduced in aqueous solution 
by sulphur dioxide, and the product was extracted with ether. The 
liquid left was boiled until free from ether and sulphur dioxide, 
neutralised with barium carbonate and filtered, and the solution 
of the barium salt so obtained was carefully precipitated with 
sodium sulphate and again filtered. The solution of the sodium 
salt was evaporated to dryness under diminished pressure, and the 
residue washed with ether. There were thus obtained 1°77 grams 
of a brown, crystalline substance, which was decolorised with char- 
coal and recrystallised from methyl alcohol. It crystallised in 
almost white leaflets; in solution it gave a blue coloration with 
ferric chloride and other reactions characteristic of a quinol- 
sulphonate (Seyda, Ber., 1883, 16, 688). One gram of phenzo- 
quinone, that is, 20 per cent. of the amount taken, should yield 
1:96 grams of sodium quinolsulphonate (Found, SO,=37'10; 
Na=10°94. C,H;O;SNa requires SO,=37'75. Na=10°85 per 
cent.). 

The reactions which take place when pbenzoquinone is reduced 
in aqueous solution by sulphur dioxide may therefore be repre- 
sented as follows: 

(1) C,5H,0, + H,SO;+ H,O —> C,;H,(OH), + H,SO,. 
(2) C,H,0, + H,SO, —> C,;H,(OH),°SO,H. 

The formation of quinolsulphonic acid when quinol is oxidised 
by silver bromide in the presence of sulphite was suggested by 
Bogisch (Photo. Korresp., 1900, 93) and by Andresen (#b7d., 1900, 
185), but was questioned by Liither and Leubner on the grounds 
that ‘‘ring substitution of the SO,H group in the benzene nucleus 
is possible only at fairly high temperature and by the use of strong 
sulphuric acid” (Leubner, iss., Dresden, 1912). This view is, of 
course, correct as regards the direct sulphonation of quinol with 
sulphuric acid. The reaction in the case now being considered is, 
however, essentially different, as »benzoquinone and sulphurous 
acid are the reagents concerned. It is an instance of “ indirect 
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addition” similar to that which leads to the formation of chloro- 
quinol when concentrated hydrochloric acid acts on phbenzo- 
quinone. 

The formation of quinolsulphonic acid in developing solutions 
during use has been confirmed by Pinnow (Zeitsch. wiss. Photo- 
chem., 1913, 18, 41), who has isolated the sodium salt from a used 
developer. 

The formation of both sulphuric acid and quinolsulphonic acid, in 
the reduction of pbenzoquinone by sulphur dioxide, supports the 
hypothesis that a sulphurous acid solution contains molecules of 
each of the forms: 


SO<OH and 80,< 


and suggests that the former may lead to the formation of quinol 
and sulphuric acid, and the latter to that of the sulphonic acid, the 
relative amounts of each product being determined (a) by the 
proportion of each form present in the sulphurous acid, () the 
relative velocities of the two reactions, and possibly by other 
factors. The point, together with the constitution of sulphurous 
acid, is being further investigated in this laboratory. 

D. Tn the experiments which follow, solutions of sulphur dioxide 
of known strength were employed instead of the gas, and in estimat- 
ing the sulphuric acid formed, correction was made in all cases for 
the small amount of sulphuric acid present in these solutions, 


(1) Effect of Variation of Temperature. 


Four experiments were made at 0°, room temperature (about 20°), 
50°, and 80° respectively. The sulphur dioxide solution used was 
0°2576N. The water was well boiled and cooled in a current of 


TaBeE I. 
Barium sulphate 
B. ay 
A, Sulphur from from 
p-Benzo- dioxide sulphuric sulphonic 
Tempera- quinone solution. acid formed. acid Total. 
ture, solution c.c. Gram. jram. Gram. 
( 0-25 gram in 50 
oe J 100ce of wit 2500.c. 04167 0-1167 —0-5834 
water(added of water 
_ to B) 
( 0-25 gram in 25 
20° - 375 c.c. of (added __to 0-4166 0-1167 0-5333 
water A) 
(0-25 gram 50 


50° - solid (added with 350 c.c. 0-4221 0-1172 0-5393 
{ to B) of water 
(0-25 gram 50 

solid (added w th 350 c.c. 0-4273 0-1153 0-5426 
{ to B) of water 
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carbon dioxide, which was also allowed to pass through the appara- 
tus throughout each experiment. The sulphur dioxide used was 
always in excess of that actually required to reduce the amount of 
p-benzoquinone taken. 

From the results shown in table I it is obvious that change of 
temperature within the limits taken is practically without effect on 
the relative amounts of sulphate and sulphonate produced. 


(2) Reduction in the Presence of Hydrochloric Acid. 


TaB.LeE JI. 
Con- 
centrated Barium sulphate 
hydro- Sulphur ; 
chloric. dioxide from from 
p-Benzoquinone acid. solution. sulphate. sulphonate. Total. 
solution. c.c. c.c. Gram. Gram. Gram. 
0-25 gram in 375 c.c. 
OE WODOT sicnsccsesse none 25 0-4166 0-1167 0-5333 
0-25 gram in 275 c.c. 
of water ............ 100 25 0-4142 0-1153 0-5295 
0-25 gram in 175 c.c. 
OE WIE haa sccccscs 200 25 0-0374 0-0112 0-0486 


The p-benzoquinone was dissolved in the stated quantity of 
water, and the acid added; this was followed by the addition of 
the sulphur dioxide solution, when in each case the yellow colour 
of the pbenzoquinone solution was immediately discharged. It is 
obvious, however, that much hydrochloric acid greatly affects the 
course of the reaction. That this is due to the formation of chloro- 
quinol was proved by dissolving 5 grams of p-benzoquinone in 
200 c.c. of water and adding 400 c.c. of concentrated hydrochloric 
acid. Chloroquinol was easily extracted from the liquid with ether. 


E. Reduction of p-Benzoquinone in the Presence of 
Alkali Hydroxide. 


(1) A series of experiments was carried out with varying amounts 
of alkali, and the results obtained are shown in the tables below. 

In each experiment the volume of alkali (0°3080N-sodium hydr- 
oxide) stated in the table was placed in a flask with water, making 
together 275 c.c.; 25 c.c. of sulphur dioxide solution (0°2734) were 
then added, followed by the p»benzoquinone in 100 c.c. of water. 
The mixed solutions were acidified after remaining about five 
minutes with 10 e.c. of concentrated hydrochloric acid, and the 
excess of sulphur dioxide was boiled off. As the sulphur dioxide 
was always in excess of the amount required to reduce the quinone, 
slight variations in the strength of the solution used had no effect 
on the results obtained. The solution was, however, standardised 
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from time to time, and estimations of the amounts of sulphuric acid 
present in it were made. The figures given in the tables have been 
corrected accordingly. 


TaBLeE III. 
Mols. Barium sulphate 
alkali - ; 
to Colour from from 
1 mol. on adding Colour on sulphate. sulphonate. Total. 
SO,. p-benzoquinone. acidifying. Gram. Gram. Gram. 
0-0 colourless no acid added 0-4166 0-1167 0-5333 
0-5 se colourless 0-4162 0-1084 0-5246 
10 ns F 06-4150 0-1070 05220 
’ { very pale nearly colour- | F 
1-5 | yellow loos 0-0172 0-429] 0:4463 
bright green tae 
20 | changing vo . pale yel- | 9.0166 0-3085 0-3251 
yellow 
2-5 red-brown yellow 0-0191 0-2162 0-2353 
3-0 dark red-brown  brownish-yellow 0-0182 0.1992 0-2174 
4-0 dark brown yellow-brown 0-0207 0-1897 0-2104 
. very dark 
6-0 { —— yellow-brown 0-0183 0-1884 0-2067 


The above results show that as long as the alkali present is not 
larger in quantity than is required to form sodium hydrogen 
sulphite with the sulphur dioxide used, the reactions proceed on 
practically the same lines as in the total absence of alkali, but that 
when this amount is exceeded there is more than a reversal of the 
amounts of barium sulphate obtained, nearly the whole of the 
precipitate being formed after oxidising with nitric acid, whilst the 
barium sulphate precipitated before oxidation sinks to a small and 
almost constant quantity. Independent experiments showed that 
the solutions obtained with excess of alkali, after acidifying with 
sulphuric acid, neutralising with barium carbonate, and filtering 
gave the blue colour with dilute ferric chloride solution indicative 
of the presence of the sulphonate. 

It is noticeable from the above that the gradual additien of 
alkali leads to a continual decrease in the amount of sulphate 
precipitated after oxidation, suggesting a progressive destruction 
of the quinone, and the following experiments were carried out with 
the intention of neasuring the extent of this destruction by esti- 
mating its residual activity, as regards oxidising and sulphonation, 
after treatment with alkali. 

(2) To 0°25 gram of phenzoquinone in water, 0°3080N-sodium 
hydroxide solution was added; the action of the alkali was then 
checked as quickly as possible by the addition of 10 c.c. of concen- 
trated hydrochloric acid, and 25 c.c. of 0°2726N-sulphur dioxide 
solution were added. The total volume of the mixture was then 
400 c.c., as in the previous series of experiments. The excess of 


24.42 DODGSON : THE REACTION OF P-BENZOQUINONE 


sulphur dioxide was boiled off, and the sulphate estimated before 
and after oxidation. A current of hydrogen was kept passing 
through the apparatus until the excess of sulphur dioxide had been 
removed, 

The results were as follows: 


TaBLe LV. 


Barium sulphate 


Molecular proportions of 


NaOH to SO.. from from 

‘ * sulphate sulphonate. Total. 
NaOH. SO,. Gram. Gram. Gram. 
None —_ 0-4166 0-1167 0-5333 
1 Mol. 1 Mol. 0-1806 0-0373 0-2179 
1} ,, . 2 0-1727 0-0353 0-2080 
: 0-1484 0-0256 0-1740 
Sa -_ 0-1437 0-0211 0-1648 


(3) Effect of Time. 

To 0°25 gram of pbenzoquinone in 350 c.c. of water, 33 c.c. of 
0°3080N-sodium hydroxide were added, and the solution was 
allowed to remain in an atmosphere of hydrogen for forty-eight 
hours; it was then acidified, and 25 c.c. of 0°2721N-sulphur dioxide 
solution were added (molecular proportion NaOH to SO, 3:1 
approx.). The weight of barium sulphate obtained before oxidation 
was 0°0014 gram, and after oxidation 0°0085 gram, giving a total 
of 0°0099 gram. 

From the above series of experiments it appears that: 

(i) The addition of alkali hydroxide diminishes very materially 
both the oxidising power of a solution of »benzoquinone and also 
the formation of sulphonic acid. 

(i) The action of the alkali, although rapid in its earlier stages, 
is not instantaneous, and on prolonged action further changes take 
place which almost totally prevent both oxidation and sulphonation. 

Here it may be noted that Mees and Sheppard (loc. cit.) state 
that alkali hydroxide acts on pbenzoquinone with the formation 
of quinol and hydrogen peroxide. They were able to obtain the 
usual blue colour reaction with acidified dichromate, and they 
represent the reaction by the equation: 

C,H,0,+2KOH — C,H,(OK), + H,Oxg. 

The reaction has been questioned by M. A. Gordon (J. physical 
Chem., 1913, 17, 1) and by Liither and Leubner (loc. cit.), who 
suggest a totally different action. Up to the present the author 
has not been able to repeat Mees and Sheppard’s observation. 
Moreover, it is difficult, by means of their hypothesis, to account 
for the great reduction in the oxidising power of »benzoquinone 
resulting from the action of alkali. The equation given by Mees 
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and Sheppard would suggest that this oxidising power should be 
increased, owing to the substitution of some of the p-benzoquinone 
by its equivalent of hydrogen peroxide, and at the same time the 
amount of sulphonate produced should be diminished owing to 
the conversion of the quinone into quinol. It is possible that some 
dithionate might be formed, but this if produced at all would only 
be in very minute quantities (Nabl, Monatsh., 1901, 22, 737). The 
results given in table IV, however, show a considerable decrease 
in the production of sulphate, although the ratio of sulphate to 
sulphonate actually increases from slightly less than 4:1 when no 
alkali is used to somewhat more than 7:1 with five molecules of 
alkali to one of sulphur dioxide. In view, therefore, of the complex 
nature of the conditions under which the reactions take place, the 
results obtained (tables III and IV) do not appear to render 
possible at present the formation of any satisfactory hypothesis as 
to the nature of the action of alkaline sulphite or of alkali on 
p-benzoquinone. Further experiments are in progress, the results 
of which will be communicated later. 


Summary. 

(1) When p-benzoquinone is reduced by sulphurous acid, quinol, 
sulphuric acid, and quinolsulphonic acid are formed ; the sulphonic 
acid to an extent equivalent to about 20 per cent. of the pbenzo- 
quinone employed. 

(2) The reaction is not affected by reasonable amounts of hydro- 
chlorie acid, but is strongly inhibited by large quantities, owing to 
the formation of chloroquinol. It is also not materially affected 
by temperature. 

(3) When p-benzoquinone is reduced with alkaline sulphite the 
production of the sulphonate is greatly increased, whilst the 
sulphate formed sinks to a very small and almost constant 
quantity. 

(4) Further addition of alkali leads to a diminution in the 
amount of sulphonate formed, without any increase in the amount 
of sulphate produced. 

Prolonged action of the alkali almost completely prevents both 
reactions. 

(5) Dithionic acid, if formed at all, is produced in very minute 
quantity. 


I wish to thank Prof. H. Bassett for suggesting this work and for 
his interest in it. 
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CCXXVIIL.—The Rate of Combination of Gaseous 
Nitric Oxide and Chlorine. Part J. 


By JosepH Erwarp Coates and Apa FInney. 


THE direct union of nitric oxide and chlorine was first observed 
in 1848 by Gay Lussac (Ann. Chim. Phys., [iii], 28, 203), who 
proved the composition of the orange-coloured gaseous product by 
measuring the contraction that took place when two bulbs contain- 
ing nitric oxide and chlorine respectively were put in communica- 
tion with each other. The decrease of pressure was observed by 
means of a mercury manometer attached to the nitric oxide bulb, 
but no mention was made of the rate of contraction. A repetition 
of this rough experiment showed that the velocity of the reaction 
was sufficiently slow at the ordinary temperature to be quantita- 
tively followed. 

The accurate measurement of this reaction velocity is clearly of 
considerable interest and importance. According to the equation: 

2NO + Cl,=2NOCI, 

the reaction should be one of the third order. The number of gas 
reactions of which the kinetics have been thoroughly studied is 
by no means large; only a very few have been stated to be of 
the third order, and these are for the most part reactions which 
proceed at high temperatures and are subject to irregularities due 
to the influence of the walls of the containing vessel.* The oxida- 
tion of nitric oxide at the ordinary temperature was found by 
Bodenstein and Meinecke (Zeitsch. Hlektrochem., 1910, 16, 876) 
to be a gas reaction of the third order. 

The interaction of nitric oxide and chloride, being rapid at low 
temperatures, is likely to be ‘‘pure”’ and free from irregularities. 
Further, like many reactions in which chlorine takes part, it may 
be photosensitive. Briefly stated, the chief result of the experi- 
ments described in this communication is that the reaction is of 
the third order, when measured at the two temperatures, 0° and 
14°8°. 

At the time this investigation was begun (January, 1913) the 
authors were not aware of any recent work on the subject, and 
the results given in this paper formed the subject of a thesis 
presented in June, 1913, to the University of Birmingham. Publi- 


* Sce, for example, Bodenstein (combination of hydrogen aud oxygen), Zeitsch. 


physikal. Chem., 1899, 29, 665; Bodliinder and Képpen (oxidation of sulphur 
dioxide), Zeitsch. Elektrochem., 1903, 9, 559; Kiihl (oxidation of carbon 
monoxide), Zeitsch. physikal. Chem., 1903, 44, 385. 
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cation was deferred until the work had been brought into a more 
complete state. Quite recently, however, the authors’ attention 
has been called to a paper by M. Trautz (Zeitsch. Elektrochem., 
1914, 20, 325, (abstract) ; Sitzwngsber. Heidelberger Akad. Wiss., 
Abt. A, Abh. 1, Jan., 1914), who has, it appears, also investigated 
the velocity of formation of nitrosyl chloride. He quotes, further, 
some work on the same subject by Kiss Arpad (“ A nitrogen oxyd és 
chlor egymasra hatdsdnak sebességérél.” Diss., Budapest und 
Magyar Chemikusok, Lapja, 1913. Evi 7—8), whose paper has 
appeared in the Hungarian language only. Both of these investi- 
gators arrive at the same general conclusion as the authors, 
namely, that the reaction is termolecular; it appeared, therefore, 
advisable to publish at once the first results, reserving those of the 
experiments now in progress for a second communication. 


EXPERIMENTAL. 


In principle the method adopted was as follows: A known 
quantity of nitric oxide was injected very rapidly through a capil- 
lary tube into a bulb containing a known quantity of chlorine. This 
bulb was connected with a protected mercury manometer, so that 
the rate of diminution of pressure at constant volume could be 
readily measured. The use of a mercury manometer is, of course, 
rendered difficult by the fact that chlorine and nitrosyl chloride 
rapidly attack mercury. Protection by a short column of syrupy 
phosphoric acid or sulphuric acid was unsatisfactory as the liquid 
not only retarded the motion of the mercury but also did not 
completely protect it. The interposition of a cushion of nitrogen 
between the reaction bulb and manometer was found to afford a 
much better, although not a complete, protection. The best way 
out of this difficulty lies in the employment of a quartz manometer 
free from mercury, and this plan has been adopted in the most 
recent experiments (not described in this paper). 

For the lubrication of stopcocks in contact with the reactive 
gases both phosphoric acid (prepared by Chapman and Gee’s 
method, T., 1911, 99, 1736) and a special lubricant recommended 
by Guye* (J. Chim. Phys., 1908, 6, 756) and by Wourtzel (J. Chim. 
Phys., 1913, 11, 31) were used. The latter consisted of a mixture 
of paraffin and stearin which had been repeatedly saturated with 
chlorine and heated in a vacuum; although it required fairly 
frequent renewal it had the advantage of allowing one to turn the 
stopcocks more quickly than could be done with phosphoric acid. 
Further, phosphoric acid was not entirely free from attack. 

Preparation of Gases—The chlorine was prepared from pure 


* We are indebted to Prof. P. A. Guye for a small sample of this lubricant. 
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* Sce, for example, Bodenstein (combination of hydrogen and oxygen), Zeitsch. 
physikal. Chem., 1899, 29, 665; Bodliinder and Képpen (oxidation of sulphur 
dioxide), Zeitsch. lektrochem., 1903, 9, 559; Kiihl (oxidation of carbon 
monoxide), Zeitsch. physikal. Chem., 1903, 44, 385. 
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* We are indebted to Prof. P. A. Guye for a small sample of this lubricant. 
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potassium permanganate and hydrcchloric acid, washed with per- 
manganate solution, copper sulphate solution, and concentrated 
sulphuric acid, and finally dried by means of phosphoric oxide. 
The nitric oxide was prepared by dropping 50 per cent. sulphuric 
acid into a concentrated solution of potassium iodide and sodium 
nitrite in molecular proportions. Acid impurities were removed by 
passing the gas through concentrated potassium hydroxide solution 
and over the solid alkali, and it was finally dried by phosphoric 
oxide. Owing to the impossibility of storing nitric oxide over 
water, with which it reacts with the formation of nitrogen (Moser, 
Zettsch. anal. Chem., 1911, 50, 401), it was collected in a 3-litre 


To Nitric Onde 
A praratus 


glass balloon (#). After repeatedly exhausting the generating 
apparatus and balloon and washing out with nitric oxide, the gas 
was passed into a mercury gas-holder (/’), from which it was forced 
into the balloon until the pressure in the latter was about two 
atmospheres.* 

Description of the Apparatus.—The reaction vessel A consisted 
of a glass bulb of 240°5 c.c. capacity, at the centre of which was 
situated a thermocouple of platinum and platinum-rhodium alloy, 
the wire being completely protected by a very thin layer of glass. 
The couple was connected in the usual way with a sensitive moving- 


* A freshly made solution of ferrous sulphate absorbed 99°9 per cent. of a sample 
of this gas. 
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coil galvanometer, and the spot of light moved over about 20 scale 
divisions for a temperature difference of 1°. Although the bulb 
was kept in melting ice, the temperature always rose rapidly to 
a maximum on mixing the gases, then gradually fell again. A 
glance at the tables will show the general course of the temperature 
change. The temperature at the centre of the bulb rises somewhat 
higher than that at the cold walls; however, in the calculations a 
uniform temperature equal to that at the centre has been assumed. 

The bulb A was connected by the shortest possible length of 
capillary tubing through a mercury-protected three-way stopcock 1 
to a pair of glass bulbs, B and C, of which C was slightly the 
larger. The volume of B from the stopcock to a mark on the 
tube connecting B and C was 211°0 c.c. The bulb C was inter- 
posed between B and the mercury reservoir in order that the 
mercury entering B should not warm the gas above it. The bulbs 
A, B, C were completely immersed in a bath of water or melting 
ice, whilst the capillary between B and A was almost entirely 
immersed. The third arm of the three-way stopcock 1 was con- 
nected with a mercury manometer J/,, and through a three-way 
stopcock 2 with a reservoir D, which served to adjust the pressure 
in B to any desired value. D was further connected as shown 
with the balloon # of nitric oxide, which was joined to the auxiliary 
reservoir F and the apparatus for generating nitric oxide. For 
the admission of chlorine to the bulb A, a branch capillary led 
from that connecting A and B through a three-way stopcock 3 and 
a tube of phosphoric oxide to a mercury manometer UM, (not drawn 
in the figure), protected from attack by a layer of concentrated 
sulphuric acid, and then to the apparatus for generating and purify- 
ing chlorine. The reaction bulb A was further provided with a capil- 
lary exit which served for exhaustion and for measuring the pressure 
of the reacting gases. It was connected with a three-way stopcock 4, 
one arm of which led to a reservoir of nitrogen G, whilst the other 
was joined to a mercury manometer, M;, and a Toepler pump 
protected by mercury and sticks of potassium hydroxide. The 
manometers had a bore of 7 mm., and were provided with mirror 
scales, After fitting together, the apparatus was well dried by 
heating and long-continued washing with dry air under diminished 
pressure. 

After exhausting, washing out with nitric oxide, and sealing off 
the tube connecting # and J, and filling the system D, M,, B, C 
with mercury, nitric oxide was passed into D, and thence into B. 
The mercury surface was fixed at the mark on the tube joining 
B and C, and the pressure in B adjusted to the required value by 
moving the mercury in D. 
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Generation of chlorine was begun several hours before the com- 
mencement of an experiment; it was allowed to escape at the stop- 
cock 3, and a sample of the gas (about 70 c.c.) taken immediately 
before an experiment was completely absorbed by concentrated 
aqueous potassium hydroxide. The bulb A and connecting tubes 
(previously well dried) were exhausted several times and washed 
out before finally filling with chlorine, the stopcock 5 being closed 
and M; completely filled with mercury. For the purpose of adjust- 
ing the pressure of chlorine in A, 4 being closed, 3 was opened, then 
7 was very carefully opened until the pressure as indicated by M, 
was that desired or slightly in excess thereof; in the latter 
case the pressure could be reduced to the correct value by very 
slightly opening 4 and 6, 3 being now closed. The space between 
4, 6, and 5 was then exhausted and filled with nitrogen from G. 
The pressure in A was finally checked by fixing the pressure of 
the nitrogen at the value that should obtain in A (5 and 8 being 
open), and then putting A and M&M; into communication through 4; 
no movement of the mercury in M; should be observed. After 
closing 4 the pressure above /, was adjusted as nearly as possible 
to the value that would obtain in A after the addition of nitric 
oxide and at the time observations of the diminishing pressure 
would be commenced. A fair approximation could be made after 
a little experience. The mercury meniscus in M, was not more 
than 5 mm. from the capillary continuation, so that the dead space 
containing nitrogen had a volume of not more than about 0°5 c.c. 
B having been filled with nitric oxide at known pressure as pre- 
viously described, mercury was allowed to enter the bulb until the 
pressure was nearly two atmospheres. Then, at a given time signal, 
B and A were put into communication through 1; nitric oxide was 
thus very rapidly injected into A, and after a little practice the 
rising mercury in B could be stopped in the capillary near the 
stopcock, which was quickly closed. 

This process of mixing occupied as a rule about ten to fifteen 
seconds. The “time of mixing” (¢=0) was taken as the mean of 
the times of opening and closing the stopcock 1. However, this 
indefiniteness in the “time of mixing” became inappreciable at the 
time at which trustworthy pressure measurements were commenced. 

Immediately after closing 1, 4 and 5 were opened, then 8 was 
very carefully opened slightly, the direction in which the meniscus 
began to move noted, and the reservoir H quickly adjusted until a 
position was found such that 8 could be completely opened without 
causing a movement of the meniscus of more than one or at the 
most two mm. from its initial position. Then, as the pressure in 
A decreased, so the reservoir H was steadily lowered in such a way 
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that the mercury meniscus below 5 remained in a fixed position; 
this could be done quite satisfactorily after a little practice. Read- 
ings of the right-hand limb of the manometer were begun as early 
as possible (usually about a minute after mixing), and taken 
throughout at given time signals. Another observer took time and 
temperature readings. When the mercury meniscus began to show 
signs of corrosion, the gas above it was rapidly replaced by nitro- 
gen by closing 4 and 8, exhausting, admitting nitrogen from G, and 
finally reducing the pressure to that which obtained in A (esti- 
mated by extrapolation). Stopcock 4 was then opened again, and 
pressure readings continued. This operation was usually repeated 
two or three times during one experiment. 

In the experiments here recorded the nitric oxide and chlorine 
were taken in equivalent proportions (two molecules of nitric oxide 
to one of chlorine). The initial partial pressure of the chlorine 
was about a third, whilst that of the nitric oxide was about two- 
thirds of an atmosphere, so that the initial concentrations of the 
two gases from the point of view of the law of mass action were 
equal, namely, a third of an atmosphere. Velocity constants were 
calculated by means of the integrated equations for reactions of 
the first, second, and third orders, namely, 

— lor. x — 1 Po-P. r _ 1/1 -5) 
= aes ee = aa 
where pp is the initial partial pressure and p the partial pressure 
of the chlorine at any time ¢. The pressure loss 7 is equal to the 
difference between the initial total pressure (P)) and the total 
pressure observed at any time (P), (t=P,)—/), and the partial 
pressure of the chlorine at that time is p= p)—7. 

In this method of procedure the validity of the simple gas law 
has been tacitly assumed ; this introduces a slight error in the case 
of the chlorine, and a somewhat greater one as regards the nitrosyl 
chloride, but in this series of experiments they have been neglected 
as commensurate with the experimental errors. 

The observed total pressure was corrected from the observed 
temperature to that of the bath before using for the calculation 
of the velocity constant. The following four tables give the results 
of three experiments at 0° and one at 14°8°. The second column 
gives the temperature indicated by the thermocouple, and the last 
gives the percentage (x) of the reaction completed (c=1007/ pp). 
There is reason to believe that the results expressed in table I are 
somewhat less trustworthy than those that follow. 
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Vol. of bulb A =240°5 c.c. 
Vol. of bulb B=205°0 ec.c. 


t 


Vol. of bulb A =240°5 c.c. 
Vol. of bulb B=211°0 cc. 


TaBLeE I. 


Temperature = 0°. 
Barometer = 753°4 mm. 
Pressure of nitric oxide in B=593°3 mm. 

Initial pressure of chlorine in A =252°8 mm. 
Initial pressure of nitric oxide in A=505°7 mm. 


(mins. ). 7. P. mm. p. Tam. 
0- 0-0 [758-5] [252-8] 
2-3 3-9 676-4 161-3 
3-0 3-1 662-9 149-9 
3-75 2-5 651-9 140-3 
4-5 2-15 642-9 132-2 
5-5 1-8 633-5 123-5 
6-75 1.5 623-4 114.3 
8-5 1-1 612-5 104-2 

11-0 0-8 602-0 94-2 
14-0 0-7 592-5 85.1 
17-0 0-5 584-5 77-7 
20-0 0-45 578-4 71-7 
27-0 0-3 568-5 62-2 
46-0 0-2 552-6 46-4 
67-0 0-1 543-3 37-3 
Tase II. 


Temperature = 0°. 
Barometer = 749°1 mm. 
Pressure of nitric oxide in B=578°0 mm. 

Initial pressure of nitric oxide in A =507°1 mm. 
Initial pressure of chlorine in A = 253°6 mm. 


mins. 7. P. mm. p. mm. 
0-0 0-0 [760-7] [253-6] 
3-0 2-8 672-1 156-8 
3-5 2-4 665-1 152-2 
4-25 1-95 653-1 141-2 
8-5 1-05 619-4 110-8 
9-5 0-9 614-0 105-1 
2-5 0-7 602-9 94-2 
4-5 0-6 595-9 87-6 
8-5 0-5 585-8 77-7 
2-5 0-4 579-2 71-4 
6-5 0-3 573-7 65-9 
2-5 0-25 566.5 58-8 
0-5 0-2 560-3 52-8 
9-0 0-2 550-4 42-9 
2-5 0-1 545-4 38-0 
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K, x 10°. K, x 10*. K, x 10°. 


4.95 
4-81 
4-70 
4-62 
4-54 
4-51 
4-50 
4-41 
4-37 
4-4] 
4-47 
4-50 
4-88 
5-25 


K,x 102. K,x 104. K, x 10% 


4-19 
3-95 
4-08 
3-88 
3-95 
3-99 
3-96 
4-05 
4-01 
4-06 
4-20 
4-23 
4-55 
4-66 
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TaBLeE IIT. 


Vol. of bulb A =240°5 c.c. Temperature=0°. 
Vol. of bulb B=211°0 c.c. Barometer =751°3. | 
Pressure of nitric oxide in B=584°0 mm. | 
Initial pressure of nitric oxide in A =512°3 mm. 
Initial pressure of chlorine in A = 255°3 mm. 


t. x per 
mins. a P. mm. p.mom. XK, x 10%. K,x10*. K,x10%. cent. 
0-0 0-0 [767-6] [255-3] — — — 0 
3-0 2-75 675°1 156-2 7-1 8-3 4-27 39 
3°5 2-35 666-0 148-2 6-7 8-3 4-31 42 
4-5 1-80 652-0 135-2 6-1 7-8 4-37 47 
5-0 1-65 647-0 130-7 5-8 7-4 4-32 49 
6-0 1-35 638-5 122-8 5-3 7-0 4-25 52 
8-0 1-00 624-5 109-9 4-5 6-5 4-21 57 
10-0 0-75 613-8 99-7 4-1 6-1 4-26 61 
12-0 0-65 605-3 91-6 3-7 5-8 4-32 64 
15-0 0-50 596-3 82-9 3°3 5-4 4-35 68 
20-0 0-35 584-8 71-7 2-8 5-0 4-47 72 
31-0 0-20 571-0 58-2 2-1 4:2 4-51 77 
57-0 0-10 555-0 42-5 14 35 470 83 
TaBiLe LV. 

Vol. of bulb A=240°5 cc. Temperature =14°8°. 

Vol. of bulb B=211'0 c.c. Barometer=755°3 mm. 

Pressure of nitric oxide in B=582 mm. 

Initial pressure of nitric oxide in A =510°6 mm. 

Initial pressure of chlorine in A =255°3 mm. 

t. x per 
mins. #”. P. mm. p.mm. K,x10%. K,x 10%. K;x10°. cent. 
0-0 14:8 [765-9] [255-3] ve = saan 0 
1-5 20-5 698-3 1743 11-1 12-1 5-86 32 
2-0 18-3 681-5 162-6 9-8 11-0 5-62 36 
3-0 17-0 658-3 142-7 8-4 10-0 5-62 44 
4:0 16-4 641-5 127-3 7-6 9-8 5-80 50 
6-0 15-7 621-8 109-3 6-1 8-7 5-70 57 
9-0 15-3 603-3 91-6 4-9 7-7 5:77 64 
14-0 15-0 587-5 76-2 3-8 6-6 5-60 70 
20-0 14-8 574-5 63-7 3-0 5-9 5-78 75 
28-0 14-8 564-7 54-1 2-4 5-2 5-82 79 

118-0 14-8 535-1 24-5 0-9 3-1 7-00 90 


Trustworthy readings could not as a rule be made during the 
first third of the reaction on account of its rapidity. The values 
of K, and K, show a distinct drift throughout, whilst those of 
K; remain very fairly constant until about three-quarters of the 
reaction is over, when they begin to increase. Assuming the 
reaction to be of the third order, this increase in the constant 
indicates that the pressure in A is decreasing too rapidly; for 
example, in table III, at 31 minutes P(corr.)=570°5 mm., whereas 
assuming K,=4°3 x 10-, it should be 572 mm. This is doubtless due 
to attack of the mercury, which, in spite of the precautions described, 
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could not be entirely avoided; this effect naturally became more 
marked in the later stages of the reaction, and the constants 
began to increase at about the time when the mercury showed 
distinct signs of attack. Further, towards the end of the reaction 
the walls of the manometer tube in the neighbourhood of the 
mercury meniscus became dirty, making it more difficult to keep the 
meniscus at a fixed position. Owing to these disturbances satisfac- 
tory readings for the end of the reaction could not be obtained. 
Combination may be assumed to proceed to completion at the low 
temperatures employed. Only one trustworthy set of readings was 
obtained at a temperature above zero, namely, at 14°8°. 

The mean values of the constants may be taken to be 5°7 x 10-® 
at 14°8°, and 4°2 x 10-6 at 0°, expressed in units of mm. of mercury 
and minutes. They may be converted into units of gram-molecules 
per litre by means of the equation VP/760=nRT, so that n/V 
mol. per litre=P/(760 x 0°0827), where P is expressed in mm. of 
mercury, and V denotes volume in litres. The factor for converting 
K into units of molecules per litre is (760 x 0°0827')?, and in these 
units K has the values 1216 and 1820 at 0° and 14°8° respectively. 
The constant is not in agreement with that given by Kiss Arpad 
(loc. cit.), who found K,=0°262 x 10-5 at 18° (in units of mm. 
of mercury). From the above-mentioned values of K it appears that 
the temperature-coefficient is very small (about 1°23 for an increase 
of temperature of 10°), and in consequence the effect on the 
reaction velocity of initial rise of temperature on mixing the gases 
issmall. Trautz (loc. cit.) has calculated that, according to his theory 
of reaction velocities, the temperature-coefficient should lie between 
0°98 and 1°44, and he considers the most probable value to be 1°15, 
which is in fair agreement with the experimental number given 
above. 

Further experimental work is in progress which has for its 
object the more accurate determination of the velocity constant 
under varying conditions of temperature and concentration, and a 
study of the effect of light, of extreme dryness, and of the walls 
of the vessel. Special attention has been given to the purity of 
the gases, which have been prepared by fractionation of the liquids, 
and for pressure measurements a sensitive quartz spiral manometer 
has been constructed. 


In conclusion, the authors wish to express their indebtedness 
to the Chemical Society for a grant which partly defrayed the 
cost of the research. 
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CCXXIX.—A General Method for the Preparation of 
Glyoxals and their Acetals. 


By Henry DryspaLe Dakin and Harotp Warp DUuDLEY. 


On.ty a few representatives of the group of a-ketonic aldehydes or 
glyoxals have been hitherto prepared, and no method of wide 
applicability for their synthesis has been described. Glyoxal itself 
has been obtained by Harries (Ber., 1907, 40, 165) as a yellowish- 
green substance on distilling with phosphoric oxide the crude poly- . 
merised product derived from the oxidation of acetaldehyde or 
similar substances. The acetal of methylglyoxal was prepared by 
Wohl and Lange (Ber., 1908, 41, 3612) by treating the piperidide 
of ethyl diethoxyacetate with magnesium methyl iodide. This sub- 
stance on hydrolysis with dilute sulphuric acid was shown by 
Meisenheimer (Ber., 1912, 45, 2635) to yield methylglyoxal, which 
was eventually isolated as an intensely yellow, volatile liquid readily 
undergoing polymerisation. soPropylglyoxal was obtained by 
Conrad and Ruppert (Ber., 1897, 30, 862) by heating the acid 
COH-CO:CMe,°CO.H with water. Phenylglyoxal was prepared by 
von Pechmann (3er., 1887, 20, 2904) by hydrolysing with dilute 
sulphuric acid the product of the action of sodium hydrogen 
sulphite on oximineacetophenone, whilst by the same method 
p-tolylglyoxal was obtained by Miiller and von Pechmann (Ber., 
1889, 22, 2560). It is a curious fact that the synthesis of pheny]l- 
glyoxal is frequently unsuccessful owing to the production of large 
quantities of a compound believed by Pinner (Ber., 1902, 35, 4134) 
to be 2-benzoyl-5-phenylglyoxaline-1-sulphonic acid. The conditions 
necessary for success do not appear to be completely known. These 
various methods which have been employed for the preparation of 
glyoxals do not appear to be generally applicable for the prepara- 
tion of other homologous glyoxals. The authors have recently 
adduced evidence tending to show that glyoxals may play a réle 
in the intermediary metabolism of plant and animal cells, and it 
became desirable to devise a method for the convenient synthesis 
of these compounds. It has been shown that a-amino- and 
a-hydroxy-acids on digestion in dilute aqueous solution with p-nitro- 
phenylhydrazine give the bis-p-nitrophenylhydrazones of the corre- 
sponding glyoxals (J. Biol. Chem., 1913, 15, 127), but this reaction 
is totally unsuited for the preparation of the glyoxals themselves.* 
* We haveassumed in this reaction that the hydroxy-(or amino-)acids dissociate 
directly into glyoxals and water (or ammonia) : 
R°CH(OH)*CO,H —= R’°CO*°CHO+H,0 
R°CH(NH,)°CO,H => R°CO°CHO+NH;, 
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A convenient method for the synthesis of most glyoxals and their 
acetals is based on the preparation of ethyl y-diethoxyacetoacetate. 
This ketonic ester is readily obtained in excellent yield by the con- 
densation of ethyi diethoxyacetate and ethyl acetate by means of 
sodium. 

On hydrolysing ethyl y-diethoxyacetoacetate with dilute aqueous 
potassium hydroxide the acetal of methylglyoxal is readily obtained, 
which in turn gives methylglyoxal on boiling with dilute sulphuric 
acid : 

CH(OEt),°CO,Et + CH;°CO,Et —> CH(OEt),*CO-CH,-CO,Et —> 
CH(OEt),-CO-CH, —> COH:-CO-CHs3. 

Ethyl y-diethoxyacetoacetate is readily substituted by one or two 
alkyl groups by successive treatment with sodium and alkyl haloids, 
and from the resulting substituted esters we have prepared a 
variety of glyoxals and their acetals in satisfactory yields. 

Since phenyl haloids do not react readily with the sodium deriv- 
atives of acetoacetic esters, it appeared improbable that benzyl- 
glyoxal could be prepared by this method of synthesis. Accord- 
ingly we have synthesised this substance (J. Biol. Chem., 1914, 18, 
42) by a modification of Wohl and Lange’s method by treating the 
piperidide of ethyi diethoxyacetate with magnesium benzyl iodide. 
Much dibenzyl is formed simultaneously : 

CH(OEt),-CO-NC;H,, + CH,Ph-MgI — 

CH(OEt),-CO-CH,Ph —> COH-CO-CH,Ph. 

With the exception of tsopropylglyoxal and benzylglyoxal, which 
are white, crystalline solids, all the glyoxals which we have prepared 
are yellowish-green liquids of characteristic odour. They may be 
distilled under diminished pressure without marked decomposition, 
and the vapours resemble chlorine in colour. All the glyoxals 
dissolve in organic solvents with the production of an intense 
yellowish-green solution. They reduce ammoniacal siiver solutions 
in the cold and Fehling’s solution on warming. On treatment with 
sodium hydroxide they yield the corresponding hydroxy-acids, 
whilst the enzyme “glyoxalase,” which we have found in many 
animal tissues, brings about a similar reaction except that the 
resulting hydroxy-acids are optically active: 

R-CO-CHO + H,O = R-CH(OH):-CO,H. 


and that the glyoxal then unites with nitrophenylhydrazine, but it is perhaps equally 

plausible to assume that the first product of the reaction is an unsaturated acid 

obtained in very low concentration by keto-enolic tautomeric change : 
R°CH(OH)°CO,H — R°*C(OH):C(OH),. 
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EXPERIMENTAL. 
Ethyl y-Diethoxyacetoacetate, CH(OQEt),*CO-CH,°CO,Et. 


Ethyl diethoxyacetate (86 grams: 1 mol.), sodium (34 grams: 
3 mols.), and ethyl acetate (130 grams: 3 mols.) were used for the 
condensation, which was carried out in an apparatus similar to that 
described by Wahl and Doll (Bull. Soc. chim., 1913, [iv], 18, 265). 
To the ethyl diethoxyacetate heated to 85—-90°, portions of 2 grams 
of sodium wire and 9 c.c. of ethyl acetate were added at half-hour 
intervals. The reaction was quite vigorous at first, but subsided 
toward the end, when the sodium and ethyl acetate could be added 
a little more rapidly. The seventeen additions of these substances 
should be made in about six hours. The liquid, which became 
dark brown and very viscous, was stirred continuously during the 
experiment. The reaction was allowed to proceed for four hours 
after the last addition of sodium and ethyl acetate, when there was 
still a small amount of sodium undissolved. Alcohol (30 c.c.) was 
added to dissolve the sodium residue, and then the oil, cooled 
somewhat but not allowed to become too viscous, was poured into 
a mixture of 130 c.c. of concentrated hydrochloric acid and 
130 grams of ice. The oily layer was immediately separated, and 
the aqueous layer extracted once with a small quantity of ether. 
The oil and ethereal extract were mixed, and shaken with sodium 
carbonate solution until the aqueous layer was distinctly alkaline. 
The supernatant oil was then removed, the aqueous layer extracted 
once with ether, and the combined oil and ethereal extract were 
dried. The dark red oil was then subjected to fractional distilla- 
tion. As soon as ether, alcohol, etc., had ceased to distil over, the 
operation was conducted under diminished pressure, and a fraction 
boiling mainly at 75—78°/7—8 mm. was obtained (bath at 100°). 
This fraction consisted mainly of unchanged ethyl diethoxyacetate 
and ethyl acetoacetate. The temperature of the bath was raised 
gradually to 135°, and a main fraction passed over, the thermo- 
meter rising rapidly to 112° and then slowly to 115°. This fraction 
(82 grams) consisted of ethyl y-diethoxyacetoacetate. 

In order to obtain a high yield of this ester it is essential that 
the reaction and distillation should be carried out in one day. On 
account of the short time which can be allowed for drying the esters 
before distillation, the ethyl acetoacetate fraction contains a con- 
siderable amount of water, and a little is apt to pass over with the 
first portion of the main fraction, which should be collected sepa- 
rately. On refractionating the ethyl acetoacetate fraction with the 
bath heated to 75—80°, the distillate passed over at 60—65°/ 
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6—8 mm., and about 5 c.c. of a liquid of higher boiling point 
remained in the distilling flask. The dry first portion of the main 
fraction was then added to this residue, and the bath heated to 
105°. A few drops of liquid passed over at 60—70°/4—6 mm., 
and were added to the ethyl acetoacetate fraction. The bath was 
then heated to 130°, and the temperature of the distillate rose 
rapidly to 112°/4—6 mm., and remained constant. This distillate 
was mixed with the main fraction. The final yields thus obtained 
were 32 grams of the ethyl acetoacetate fraction and 76 grams of 
ethyl y-diethoxyacetoacetate : 

0°2116 gave 0°4263 CO, and 0°1556 H,O. C=54'94; H=8'17. 

C,)»H,,0; requires C=55°04; H=8'25 per cent. 

Ethyl y-diethoryacetoacetate is a colourless, highly refractive 
liquid, having an odour resembling that of ethyl acetoacetate, but 
somewhat sweeter. It gives a typical colour reaction with alcoholic 
ferric chloride solution. 


Hydrolysis of Ethyl y-Diethoxyacetoacetate: Methylglyozalacetal, 
CH,°CO-CH(OEt),. 


Ethyl y-diethoxyacetoacetate (6°5 grams) was shaken with 
N-potassium hydroxide (34 c.c.), when the ester slowly dissolved, 
the solution turning slightly yellow. The liquid was boiled under 
reflux for fifteen minutes, when a colourless oil separated. This was 
extracted three times with ether, the ethereal solution dried, and 
distilled. After the ether had been removed the residual liquid was 
distilled under diminished pressure. The first fraction, boiling at 
58—65°/24—30 mm. (bath at 100°), consisted of methylglyoxal- 
acetal (3 grams). The second fraction distilling at 90—103°/ 
2—4 mm. (bath heated from 100° to 160°) was unchanged ester 
(1°5 grams). 

The methylglyoxalacetal thus obtained was identical in proper- 
ties with that described by Wohl and Lange, and on hydrolysis with 
N/10-sulphuric acid behaved in typical fashion, giving a solution 
of methylglyoxal, which was identified by means of the bisnitro- 
phenylhydrazone, which melted and decomposed at 300—302°, and 
gave the characteristic colour reaction with alcoholic sodium 
hydroxide solution (J. Biol. Chem., 1913, 15, 132). 


Ethyl y-Diethoxy-a-methylacetoacetate, 
CH(OEt),-CO-CH Me:CO,Et. 


A solution of sodium (4°4 grams: 1 mol.) in 50 c.c. of alcohol 
was added to ethyl y-diethoxyacetoacetate (41°6 grams: 1 mol.), 
and a mixture of this and methyl iodide (30 grams) was heated 


PREPARATION OF GLYOXALS AND THEIR ACETALS, 2457 


gently on the water-bath for half-an-hour, when it was neutral to 
litmus. Alcohol was then distilled off, water added to the residual 
liquid, the oil which separated was removed, and the aqueous layer 
extracted four times with small quantities of ether. The combined 
oil and ethereal extracts were dried and fractionated. After the 
ether had been removed, the oil boiled at 110—112°/4—6 mm., the 
yield being 42 grams: 

0°1985 gave 0°4146 CO, and 0°1536 H,O. C=56'95; H=8°60. 

C,,H)0,; requires C=56°90; H=8'62 per cent. 

The ester so obtained is a colourless liquid having, when freshly 
distilled, a faint, garlic-like odour. On adding a drop of ferric 
chloride solution to an alcoholic solution of the ester only a very 
slight darkening takes place, the characteristic colour reaction of 
ethyl y-diethoxyacetoacetate having disappeared. 


Hydrolysis of Ethyl y-Diethoxy-a-methylacetoacetate: Ethyl- 
glyoxalacetal, C,H;-CO-CH(OEt),. 


A solution of ethyl y-diethoxy-a-methylacetoacetate (15°5 grams: 
1 mol.) in methyl alcohol (50 c.c.) was boiled with 2N-potassium 
hydroxide (50 c.c.: 14 mols.) under reflux for half-an-hour, when a 
colourless oil separated. The liquid was diluted with water, and 
extracted six times with small quantities of ether. After distilling 
off the ether and methyl alcohol from the dried ethereal solution 
7 grams of ethylglyowalacetal boiling at 62—68°/10—12 mm. (bath 
at 85°) were obtained. A few grams of unchanged ester remained 
in the distilling flask : 

0°2197 gave 0°4834 CO, and 0°1981 H,O. C=60°0; H=10°0. 

C,H,,03 requires C=60°0; H=10°0 per cent. 
This acetal is a colourless liquid with a pleasant, fruity odour. 


Hydrolysis of Ethylglyoxalacetal: Ethylglyoral, C,H;-CO-CHO. 


Ethylglyoxalacetal (4°5 grams) was boiled for one and a-half 
hours with sulphuric acid (50 c.c. of 2 per cent. by volume) under 
reflux. The acetal behaved like that of methylglyoxal, the liquid 
becoming milky on warming and then clearing again on boiling. 
All the oil passed into solution, and on distillation ethylglyoxal 
passed over readily with the steam, and separated from the first 
portion of the distillate as a yellow oil, which dissolved easily in 
water. 

With an aqueous solution of semicarbazide hydrochloride, ethyl- 
glyoxal gives a monosemicarbazone, C;H,O,Ns, which crystallises 
from water, and melts and decomposes at 235—236°. 
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Ethyl y-Diethoxy-a-dimethylacetoacetate, 
CH(OEt),.-CO-CMe,"CO,Et. 


A solution of sodium (2°3 grams: 1 mol.) in 35 c.c. of alcohol 
was added to ethyl y-diethoxyacetoacetate (1 mol.), and a mixture 
of this and methyl iodide (slight excess over 1 mol.) was gently 
boiled on the water-bath for half-an-hour, when it was neutral to 
litmus. A second addition of 2°3 grams of sodium in 35 c.c. of 
alcohol and 18 grams of methyl iodide was then made, and after 
boiling for a further half-hour the reaction was complete. The 
alcohol was distilled off, and water was added to the residue, which 
was then extracted with five small quantities of ether. The ethereal 
solution was dried and evaporated, and then ethyl y-dtethoxy-a-di- 
methylacetoacetate (19 grams) distilled at 104—105°/4—6 mm. 
(bath at 115—120°) : 

0°2313 gave 0°4955 CO, and 0°1863 H,O. C=58'42; H=8'95. 

C,,H 0; requires C=58°54; H=8°94 per cent. 

The ester is a colourless liquid, having, when freshly distilled, a 
faint, garlic-like odour. It gives no colour reaction in alcoholic 
solution with ferric chloride. 


Hydrolysis of Ethyl y-Diethoxry-a-dimethylacetoacetate : 
isoPropylglyoxalacetal, CHMe,*CO-CH(OEt),. 


A solution of ethyl y-diethoxy-a-dimethylacetoacetate (12 grams: 
1 mol.) in methyl alcohol (27 c.c.) was boiled with 2N-potassium 
hydroxide (27 c.c.: 1°1 mol.) under reflux for half-an-hour. Water 
was then added, and the liquid was extracted five times with small 
quantities of ether. After distilling off the ether and methyl alcohol 
from the dried ethereal solution, 7 grams of isopropylglyoxalacetal, 
boiling at 75—77°/10—12 mm. (bath at 100°), were obtained, and 
about 1 gram of unchanged ester remained in the distilling flask. 

The acetal is a colourless liquid possessing a pleasant, fruity 
odour with a suggestion of peppermint. 


Hydrolysis of isoPropylglyoxalacetal: isoPropylglyoxal, 
CHMe,°CO-CHO. 


Three grams of isopropylglyoxalacetal were boiled for two hours 
under reflux with 40 ¢.c. of sulphuric acid (0°2 per cent. by volume). 
At the end of this time only a trace of oil was left. On distillation 
in a current of steam isopropylgiyoxal (m. p. 95—96°), identical 
with the substance described by Conrad and Ruppert (Ber., 1897, 
30, 862), was obtained. The bis-p-nitrophenylhydrazone, 
C,,H,,0,N,, crystallises from a mixture of nitrobenzene and toluene 
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in glistening, scarlet prisms, melting and decomposing at 295°. The 
monosemicarbazone, CgH,,0.Nsg, crystallises from water in masses of 
very pale yellow prisms, melting at 158—159°. 

It was interesting to note that the specimen of crystalline 
isopropylglyoxal, which had been dried over sulphuric acid and 
kept in a well-corked specimen tube, after a few days had become 
liquid, and developed an intense, pungent odour. The change is 
probably connected with some process of polymerisation. 


Ethyl y-Diethory-a-methyl-a-ethylacetoacetate, 
CH(OEt),-CO-CMeEt-CO,Et. 


A mixture of ethyl y-diethoxy-a-methylacetoacetate (20 grams: 
1 mol.) and a solution of sodium (2 grams: 1 mol.) in alcohol 
(30 c.c.) was boiled gently on the water-bath for two hours with 
ethyl iodide (1°2 mols.), when the reaction was complete. Ethyl 
alcohol was removed as far as possible on the water-bath, water 
added to the residue, and the oil which separated was removed, the 
aqueous layer being extracted three times with ether. The mixed 
oil and ethereal extracts were dried and distilled. After removal 
of the ether, ethyl y-diethory-a-methyl-a-ethylacetoacetate (19°5 
grams) distilled at 117—118°/3°5 mm. (bath at 130°): 

0°2166 gave 0°4756 CO, and 0°1778 HO. C=59°87; H=9°13. 

C,3H.,0, requires C=59°99; H=9°23 per cent. 

The ester is a colourless, highly refractive liquid with a pleasant, 
fruity odour. It gives no colour reaction in alcoholic solution with 
ferric chloride. 


Hydrolysis of Ethyl y-Diethoxy-a-methyl-a-ethylacetoacetate : 
sec.-Butylglyoxalacetal, CHMeEt-CO-CH(OEt),. 


A mixture of ethyl y-diethoxy-a-methyl-a-ethylacetoacetate (16 
grams) dissolved in methyl alcohol (46 c.c.) and 2-potassium hydr- 
oxide (46 v.c.: 15 mols.) was boiled for forty-five minutes, then 
diluted with water, and extracted six times with ether. The dried 
ethereal solution was distilled, when sec.-butylglyoxalacetal (8 
grams), boiling at 82—83°/10 mm. (bath at 100°), was obtained, 
and 1 gram of unchanged ester remained in the distilling flask : 

0°2316 gave 0°5426 CO, and 0°2237 H,O. C=63°90; H=10°72. 

C,,>H» 0; requires C=63°83 ; H=10°64 per cent. 

The acetal is a colourless liquid having a pleasant odour sugges- 

tive of acetone. 
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Hydrolysis of sec.-Butylglyoxalacetal: sec.-Butylglyozal, 
CHMeEt-CO-CHO. 


The acetal (4°5 grams) was boiled under reflux with sulphuric 
acid (45 c.c. of 2 per cent. by volume) for five hours. On distilla- 
tion in a current of steam a yellowish-green oil, fairly readily 
soluble in water, passed over, which possessed the characteristic 
caramel odour of glyoxals. 

The free glyoxal gives a monosemicarbazone, C,H,,0,N3, a waxy 
solid, which is much more soluble in water than the corresponding 
compounds of other glyoxals. The bis-p-nitrophenylhydrazone was 
prepared by boiling a solution of the glyoxal with pnitropheny]l- 
hydrazine sulphate. After recrystallisation from a mixture of nitro- 
benzene and toluene it melted and decomposed at 275—276°: 


0°1089 gave 0°0238 N,. N=21°85. 
CigH»O,N, requires N=21°88 per cent. 
The bis-pnitrophenylhydrazone crystallises in scarlet prisms, 
and gives the characteristic blue solution in alcohelic sodium 
hydroxide solution. 


Ethyl y-Diethoxy-a-isopropylacetoacetate, 
CH(OEt),-CO-CHPr*-CO,Et. 


Preliminary experiments in which it was attempted to introduce 
the isopropyl group by boiling an alcoholic solution of ethyl y-di- 
ethoxyacetoacetate with zsopropyl iodide in the presence of sodium 
ethoxide under reflux were unsatisfactory. The reaction took place 
much better in a sealed tube. 

A mixture of ethyl y-diethoxyacetoacetate (20 grams: 1 mol.), 
sodium (2°1 grams: 1 mol.) dissolved in alcohol (25 c.c.), and 
isopropyl iodide (22 grams: 1°4 mols.) was heated in a sealed tube 
in a boiling water bath for eight hours. The product was then 
neutral to litmus. The alcohol was distilled off, the oil diluted with 
water, and extracted three times with ether. The dried ethereal 
solution was distilled, and after removing alcohol and ether, a 
fraction (15 grams) was obtained, which boiled at 112—116°/ 
4—5 mm. (bath at 125—130°): 

0°2190 gave 0°4786 CO, and 0°1799 H,O. C=59'6; H=9'18. 

C,3H,,0,; requires C=59'99; H=9°23 per cent. 

Ethyl y-diethoxy-a-isopropylacetoacetate is a colourless, pleasant 

smelling liquid, resembling the other esters of this series. 
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Hydrolysis of Ethyl y-Diethoxy-a-isopropylacetoacetate : 
isoButylglyoralacetal, CHMe,*CH,*CO-CH(OEt),. 


A mixture of ethyl y-diethoxy-a-isopropylacetoacetate (15 grams: 
1 mol.), dissolved in methyl alcohol (37 c.c.), and 2N-potassium 
hydroxide (38 c.c.: 1°3 mols.) was boiled under reflux for one hour. 
The liquid was then diluted with water and extracted five times 
with ether. The dried ethereal solution was distilled, when 
isobutylglyoxalacetal (6°5 grams) boiling at 77—80°/10—12 mm. 
(bath at 100°) was obtained : 

0°2060 gave 0°4813 CO, and 071912 H,O. C=63°'72; H=10°31. 

C19H,0, requires C=63°83; H=10°64 per cent 

On hydrolysis the acetal yielded ‘sobutylglyoxal (J. Biol. Chem., 

1914, 18, 38). 


Ethyl y-Diethoxy-a-benzylacetoacetate, 
CH(OEt),-CO-CH(C,H,)-CO,Et. 


A mixture of ethyl y-diethoxyacetoacetate (7'4 grams: 1 mol.), 
sodium (0°8 gram: 1 mol.) in 15 c.c. of aleohol, and benzyl chloride 
(6 grams: 1°3 mols.) was boiled under reflux for four and a-half 
hours. The liquid was then neutral to litmus. The alcohol was 
distilled off, and water was added to dissolve the sodium chloride 
formed. An oil heavier than water separated, which was ex- 
tracted three times with ether, and the dried ethereal solution 
distilled under 4—5 mm. pressure (bath at 100°). There remained 
in the flask 11 grams of a pale yellow oil, which was mainly ethyl 
y-diethoxy-a-benzylacetoacetate. It was not distilled because pre- 
vious attempts had resulted in decomposition. 

The ester gives a port-wine coloration in alcoholic solution with 
ferric chloride. 


Hydrolysis of Ethyl y-Diethoxy-a-benzylacetoacetate : 
Phenylethylglyozalacetal, CH,Ph*CH,*CO-CH(OEt),. 


A mixture of the ester (11 grams: 1 mol.), dissolved in methyl 
alcohol (21 c.c.), and 2N-potassium hydroxide (21 c.c.: 1°3 mols.) 
was boiled under reflux for two hours. The liquid was then diluted 
with water and extracted five times with ether. The dried ethereal 
solution was distilled, when phenylethylglyoxalacetal (5°5 grams) 
passed over at 135—137°/3—5 mm. (bath at 160—170°). 


Hydrolysis of Phenylethylglyoxalacetal: Phenylethylglyozal, 
CH,Ph-CH,°CO-CHO. 


The acetal (5°5 grams) was boiled under reflux with sulphuric 
acid (60 c.c. of 2 per cent. by volume), and the product was 
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extracted four times with ether, the dried ethereal solution being 
distilled, when phenylethylglyozal, boiling at 99—102°/3—5 mm. 
(bath at 130—140°), was obtained. The vapours were yellow, and 
condensed to a viscid, oily, intensely yellow liquid, having a sweet 
odour. It is only sparingly soluble in water, and not very readily 
volatile in steam. On keeping, the colour becomes less intense, and 
the liquid very much more viscous, due possibly to polymerisation. 

The bes-p-nitrophenylhydrazone, Co9Hg0,Ng, is best prepared by 
dissolving p-nitrophenylhydrazine in alcohol, adding the glyoxal, 
and warming the solution. On keeping, the bis-p-nitrophenyl- 
hydrazone is slowly deposited in a pure condition from the solution. 
It crystallises in scarlet needles from a mixture of nitrobenzene and 
toluene, and melts and decomposes at 269°. 

The constitution of phenylethylglyoxal was confirmed by convert- 
ing it into a-hydroxy-y-phenylbutyric acid by the action of dilute 
alkali. About 1 gram of phenylethylglyoxal was boiled with 30 c.c. 
of V-sodium hydroxide solution for fifteen minutes. The product 
was filtered to remove the oily scum, acidified, and extracted with 
ether. Crystalline a-hydroxy-y-phenylbutyric acid was obtained, 
which, on recrystallisation from a mixture of ether and light 
petroleum, melted at 104—105°. 
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CCXXX.—Studies in Phototropy and Thermotropy. 
Part V. Polymorphic 4-Hydroxybenzylidene- 
amines Produced by Trituration and by the 
Influence of Sunlight. 


By ALFRED SENIER and RoBert BENJAMIN ForsTER. 


Tat 4-hydroxybenzylidenearylamines yield dimorphic varieties 
when triturated, which are distinguished by the triturated variety 
being deeper in colour than the original base, was shown in the case 
of two of these anils by Senier and Shepheard (T., 1909, 95, 1951, 
1954). It is now found that this character is common to anils 
which contain hydroxyl, in the p position in the benzylidene group, 
and further that the change is not only indicated by a deepening 
of colour, but in some cases by a notable difference of melting point 
and also by quite different thermotropic behaviour. In one instance 
the change of colour produced by trituration is not from a paler 
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to a deeper colour, but the opposite, from red to orange. The 
deeper-coloured dimorphic variety is fairly stable, but on long 
keeping it very slowly returns to the original form, the latter 
change being accelerated by the absence of sunlight. 

That trituration or rubbing is capable of producing polymorphic 
change, and is, indeed, an important means, generally, of bringing 
about chemical reactions, is well known. The paper recently com- 
municated by Parker (this vol., p. 1504) not only adds to our 
knowledge of the subject to an important degree, but contains a 
useful list of references to previous work. Hitherto, however, 
inorganic compounds and their reactions have been chiefly studied. 

It is interesting to trace the analogy between the organic bases, 
which we have examined, and the well-known trituration-dimor- 
phism of mercuric iodide. For comparison, take the base 4-hydroxy- 
benzylidene-m-chloroaniline. Yellow mercuric iodide between the 
ordinary temperature and a temperature of 126° is changed by 
trituration into the red, dimorphic variety; in like manner our 
base changes between the ordinary temperature and 110° from 
pale yellow to a deep yellow dimorphic variety. Both at a higher 
temperature, respectively above 126° and 110°, revert to their 
original paler modifications. 

Continuing the main object of this inquiry, both dimorphic 
varieties have been examined, for phototropy and thermotropy 
between “the lower temperature” (that of solid carbon dioxide) 
and “the higher temperature” (a temperature just below the 
melting point of the substance). Thus we were able to study the 
phenomena of phototropy and thermotropy which depends on the 
formation and decomposition, as we think, of solid molecular 
aggregates (Senier and Shepheard, T., 1909, 95, 1944) in the 
case of each of the two varieties which depend on polymorphism. 

In the case of thermotropy, the higher limits of temperature 
above which it does not occur are noted. 

It is well known that prolonged influence of sunlight produces 
changes in these solids generally not of a phototropic or reversible 
nature, but with the formation of non-reversible, and as regards 
sunlight, permanent polymorphic varieties. Many of the anils 
described exhibit this property. 

Triboluminescence was sought for in all cases, but none was 
detected, 

The following 4-hydroxybenzylideneamines were examined, and 
were prepared easily by bringing together equimolecular propor- 
tions of the respective aldehydes and arylamine bases in solution. 
They all dissolve more or less readily in the usual organic solvents. 
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4-Hydroxybenzylideneaniline, OH-°C,;H,-CH:N-C,H,, was de- 
scribed by Herzfeld (Ber., 1877, 10, 1271), who found it to melt at 
191—192°. It crystallises from alcohol in pale yellow plates, and 
our specimen melts at 194—195° (corr.). It is dimorphous. Tri- 
turation changes it into a deeper-coloured dimorphic variety, which, 
however, on long keeping changes slowly back to the original 
compound, most readily when kept in the dark. The paler-coloured 
variety is thermotropic, becoming paler at ‘the lower temperature,” 
and returning to the original colour at the ordinary temperature. 
The higher limit of thermotropy is about 160°. It is not changed 
by sunlight. The deeper-coloured variety is not phototropic, but on 
prolonged exposure to sunlight it changes to a brown, polymorphic 
form, It is thermotropic between the ordinary temperature and 
“the lower temperature.” Above this, at about 110°, it becomes 
paler and returns to the original form. 


4-H ydrorybenzylidenetoluidines, OH-C,H,*CH:N-C,H,Me. 


4-Hydroxybenzylidene-o-toluidine was first prepared by Manchot 
and Furlong (Ber., 1909, 42, 4389), who found it to melt at 169°5°. 
It crystallises from alcohol in brilliant, colourless prisms. The 
specimen examined melts at 171—172° (corr.). 

By trituration a greenish-yellow, dimorphic varicty is obtained, 
which on Jong keeping reverts to the original compound. T7'he 
colourless variety is not affected by sunlight. Above the ordinary 
temperature it becomes yellow, the thermotropic limit being abcut 
150°. The deeper-coloured variety is not phototropic, but on pro- 
longed exposure to sunlight changes to a brown, polymorphic form. 
It is thermotropic between the ordinary temperature and “the 
lower temperature,’ when it becomes colourless. At about 130° it 
loses its colour, and appears to be converted into the original 
compound. 

4-Hydroxybenzylidene-m-toluidine was first prepared by Senier 
and Shepheard (T., 1909, 95, 1951), who studied its thermotropic 
properties and also observed the dimorphic variety obtained by 
trituration. We have noted, further, that the thermotropic limit 
of temperature of the paler-coloured variety lies between 160° and 
180°, and also that when the temperature of the deeper-coloured 
variety is raised to about 120° it becomes of the same colour as that 
which the paler-coloured variety assumes at the same temperature, 
and with which it appears to be identical, Neither variety is 
affected by sunlight. 

4-Hydroxybenzylidene-p-toluidine was first described by Herzfeld 
(Ber., 1877, 10, 2196), who found the melting point to be 213°. 
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Our specimen, when crystallised from alcohol, consisted of pale 
yellow plates, which melted at 218° (corr.). 

By trituration a deeper yellow dimorphic variety is produced, 
which loses colour very slowly on long keeping. The paler-coloured 
variety is not phototropic, but exhibits thermotropy at ‘the lower 
temperature,” when it is nearly colourless. The higher thermotropic 
limit of temperature is about 190°. Zhe deeper-coloured variety 
is also not affected by sunlight, but is thermotropic between the 
ordinary temperature and ‘the lower temperature.” At about 
110° its colour approximates nearly to that of the original com- 
pound, if that be compared at the same temperature, into which it 
appears to be converted. 


4-Hydroxybenzylidenexylidines, OH*C,H,-CH:N-C,H,Mey. 


4-Hydroxybenzylidene-o-4-vylidine crystallises from amyl alcohol 
in pale yellow needles, melting at 211—-211°5° (corr.): 

0°1316 gave 6°9 c.c. Ng at 11° and 769 mm. N=6°37. 

C,;H,,ON requires N = 6°22 per cent. 

4-Hydroxybenzylidine-o-4-xylidine is dimorphous. By trituration 
it changes to a deeper yellow variety, which loses colour rapidly on 
keeping, especially when removed from the influence of sunlight. 
The paler-coloured variety is not phototropic, but exhibits thermo- 
tropy at “the lower temperature.” The higher limit of thermotropy 
lies between 160° and 180°. Its colour is not changed by sunlight. 
The deeper-coloured variety is not phototropic, but on prolonged 
exposure to sunlight it forms a much deeper-coloured polymorphic 
form. It is thermotropic between the ordinary temperature and 
“the lower temperature.” At about 130° its colour approximates 
to that of the original compound (compared at the same tempera- 
ture), with which it appears to be identical. 

4-Hydroxybenzylidene-m-4-xylidine crystallises from light petrol- 
eum in nearly colourless plates, melting at 162—163° (corr.): 

0°2120 gave 11°5 c.c. N, at 11° and 762 mm. N=6'53. 

C,;H,,ON requires N=6°22 per cent. 

4-Hydroxybenzylidene-m-4-xylidine is dimorphous. By tritura- 
tion it changes to a straw-coloured variety, which loses colour on 
keeping, especially in the absence of sunlight. The paler-coloured 
variety is not phototropic, but exhibits thermotropy, its colour 
changing to yellow at about 140°, the higher thermotropic limit. 
Lhe deeper-coloured variety exhibits phototropy at “the lower 
temperature.” It is thermotropic between the ordinary tempera- 
ture and “the lower temperature.” Between 110° and 120° it 
appears to change into the paler-coloured variety. 
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Both these varieties behave in an exceptional manner when 
subjected for a week or two, successively to the influence of sunlight 
and its absence; they both develop a lemon-yellow colour, and 
apparently they are both converted into the same substance. This 
substance undergoes no further change in sunlight, but when 
placed in the dark it assumes, not a paler colour, but a deep brown. 

4-Hydroxybenzylidene-p-xylidine crystallises from amy] alcohol in 
almost colourless prisms, melting at 193—194° (corr.) : 

0°2873 gave 14°9 c.c. N, at 11° and 763 mm. N=6°25. 

C,;H,,ON requires N=6°22 per cent. 

4-Hydroxybenzylidene-p-xylidine is dimorphous. By trituration 
it changes to a bright yellow variety, which loses colour, and gradu- 
ally assumes its original form on keeping, especially if removed 
from the influence of sunlight. The paler-coloured variety is not 
phototropic, but exhibits thermotropy between “the lower tempera- 
ture” and the ordinary temperature. When heated above 130° it 
appears to be converted into “the deeper-coloured variety.” The 
deeper-coloured variety is thermotropic between ‘the lower tem- 
perature” and about 170°. 

When subjected successively to the influence of sunlight and its 
absence, both varieties behave in a similar manner to the dimorphic 
varieties of 4-hydroxyberzylidene-m-4-xylidine. 


4-Hydroxybenzylidenechloroanilines, OH*C,H,;CH:N-C,H,Cl. 


4-Hydroxybenzylidene-o-chloroaniline crystallises from toluene in 
pale cream-coloured plates, melting at 171—171°5° (corr.): 
0°1914 gave 9°6 c.c. N, at 12° and 762 mm. N=6°02. 
C,3H;gONCI1 requires N=6°'05 per cent. 
4-Hydroxybenzylidene-o-chloroaniline is dimorphous. By tritura- 
tion it changes to a pale yellow variety, which rapidly loses its 
yellow colour, the change taking place more quickly when kept in 
the dark. The paler-coloured variety is not phototropic, but 
exhibits thermotropy at “the lower temperature.” The higher limit 
of thermotropy lies between 120° and 140°. The deeper-coloured 
variety is thermotropic at ‘‘the lower temperature.’’ Between 80° 
and 90° it appears fo change into the paler-coloured variety. 
4-H ydrozybenzylidene-m-chloroaniline separates from light petrol- 
eum in pale yellow crystals melting at 181—182° (corr.) : 
0°1713 gave 8°9 c.c. N, at 12° and 764 mm. N=6°25. 
C,3H,;,ONC1 requires N=6°05 per cent. 
4-Hydroxybenzylidene-m-chloroaniline is dimorphous. By tritura- 
tion a deeper-coloured variety is produced, which on keeping loses 
colour rapidly at first, and then very slowly, becoming almost the 
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same colour as the original crystals. The paler-coloured variety is 
not phototropic, but is thermotropic between “the lower tempera- 
ture” and a temperature of about 170°. The deeper-coloured 
variety exhibits thermotropy between “ the lower temperature” and 
ordinary temperature. At about 110° it changes into the paler- 
coloured variety. Neither variety is affected by sunlight. 

4-H ydroxybenzylidene-p-chloroaniline crystallises from benzene in 
pale yellow plates melting at 184—185° (corr.) : 

0°1657 gave 8°7 c.c. Ny at 13°5° and 757°5 mm. N=6'23. 

C,;H,gONCI requires N=6°05 per cent. 

4-Hydroxybenzylidene-p-chloroaniline is dimorphous. By tritura- 
tion it changes to a canary-yellow-coloured variety, which melts at 
193—-194° (corr.). This variety loses colour gradually on keeping, 
but its melting point is lowered only a few degrees. The paler- 


coloured variety is not phototropic, but becomes somewhat darker 


on prolonged exposure to sunlight. It is thermotropic between “the 
lower temperature” and about 170°. The deeper-coloured variety 
exhibits thermotropy between “the lower temperature” and the 
ordinary temperature, and behaves thermotropically in the same 
manner as the paler variety between the temperatures of 110° and 
170°. Its higher melting point, however, shows that it is a distinct 
variety. 


4-H ydroxybenzylidenebromoanilines, OH*CgH,*CH:N-C,H,Br. 


4-H ydroxybenzylidene-o-bromoaniline crystallises from toluene in 
almost colourless plates melting at 166—167° (corr.) : 
0°1936 gave 8°5 c.c. N, at 11°5° and 731 mm. N=5°06. 
C,s;H,,ONBr requires N=5°08 per cent. 
4-Hydroxybenzylidene-o-bromoaniline is dimorphous. By tritura- 
tion it changes to a pale yellow variety, which on keeping in the 
absence of light gradually resumes the original colour. TZ'he paler- 
coloured variety is not acted on by sunlight, but is thermotropic 
between “the lower temperature” and about 130°. The deeper- 
coloured variety is thermotropic between “the lower temperature” 
and the ordinary temperature. At a temperature of about 110° 
it appears to be converted into the paler variety. If exposed to the 
influence of sunlight for a long period it gradually changes to a 
brown polymorphic form. 
4-Hydroxybenzylidene-m-bromoaniline crystallises from toluene 
in pale yellow prisms melting at 160—161° (corr.) : 
0°1990 gave 9 c.c. N, at 11° and 741°5 mm. N=5°30. 
C,3H,,~ONBr requires N =5'08 per cent. 
4-Hydroxybenzylidene-m-bromoaniline is dimorphous. By tritura- 
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tion it changes to a canary-yellow-coloured variety, which melts at 
172—173°-(corr.). On keeping this variety behaves in an excep- 
tional manner, rapidly losing its colour, and then very slowly 
regaining it, whilst throughout the melting point does not alter. 
The paler-coloured variety is not altered by prolonged exposure to 
sunlight. It is thermotropic between “the lower temperature” 
and the ordinary temperature. The deeper-coloured variety 
exhibits thermotropy between “the lower temperature” and the 
ordinary temperature. When heated above 100° it behaves differ- 
ently from the paler-coloured variety. 

4-H ydroxybenzylidene-p-bromoaniline crystallises from toluene in 
pale yellow plates melting at 193—194° (corr.): 


0°2056 gave 89 c.c. N, at 10° and 748 mm. N=5'13. 
C,3H,,ONBr requires N=5'08 per cent. 


4-Hydroxybenzylidene-p-bromoaniline is dimorphous. By tritura- 
tion a deeper-coloured variety is obtained, which melts at 
203—204° (corr.). Like the corresponding variety cf the former 
compound, this variety becomes quickly paler, but regains its 
depth of colour on prolonged keeping. The paler-coloured variety 
is phototropic at ‘thé lower temperature”; on prolonged exposure 
to sunlight at the ordinary temperature it becomes slightly deeper 
in shade. It is thermotropic between ‘the lower temperature” 
and about 150°. The deeper-coloured variety also exhibits photo- 
tropy at “the lower temperature.”’ It is thermotropic at ‘“‘ the lower 
temperature,” but behaves differently to the paler variety when 
heated to temperatures above 100°. A still deeper-coloured poly- 
morphic form is produced by prolonged exposure to sunlight. 


4-Hydroxybenzylideneaminobenzote Acids, 


OH-C,H,-CH:N-C,H,-CO,H. 


4-Hydroxybenzylidene-o-aminobenzoic acid has been prepared by 
Wolf (Monatsh., 1910, 31, 903), who describes yellow and red modi- 
fications. It crystallises from nitrobenzene in deep yellow needles. 
On recrystallising from alcohol a mixture of a red variety and 
the yellow variety was obtained, but the crystals were not 
examined separately. It melts at 226—227° (corr.). 

By trituration it changes to a slightly deeper-coloured variety, 
which loses colour on keeping, especially in the absence of sunlight, 
when it changes back to the original variety. The paler-coloured 
variety is not affected by sunlight. It is thermotropic between 
“the lower temperature” and about 200°. The deeper-coloured 
variety exhibits thermotropy between the ordinary temperature 
and ‘“‘the lower temperature.” It appears to change into the paler- 
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coloured variety at about 140°. On prolonged exposure to sunlight 
it changes to a brownish-coloured polymorph te form. 

4-H ydroxybenzylidene-m-aminobenzoic acid crystallises from 
nitrobenzene in orange, hexagonal plates, melting and decomposing 
at 238—239° (corr.): 

0°2990 gave 15 c.c. at 11° and 747 mm. N=5'92. 

C,,H,,0O,N requires N=5°81 per cent. 

4-Hydroxybenzylidene-m-aminobenzoic acid is  dimorphous. 
When crystallised from alcohol a mixture of red and orange 
crystals is obtained, but either variety, when recrystallised from 
amyl alcohol or xylene, yields only the red variety. This red- 
coloured variety is converted into the orange variety by tritura- 
tion. The red-coloured variety is not thermotropic, but becomes 
orange-coloured at a temperature just below its melting point. The 
orange variety is not affected by sunlight. It is thermotropic 
between “the lower temperature” and 150°; above this limit, when 
it is terra-cotta-coloured, it becomes red at about 215°, and finally 
just below its melting point reverts to its colour at the ordinary 
temperature—the orange colour of the dimorphous variety obtained 
by trituration of the original red compound. 

4-Hydroxybenzylidene-p-aminob enzoic acid crystallises from nitro- 
benzene in deep brownish-yellow needles. It begins to decompose 
about 220°, and melts at 229—230° (corr.): 

0°1562 gave 7°9 c.c. N, at 11° and 748°5 mm. N=5'98. 

C,,H,,O,;N requires N=5°81 per cent. 
4-Hydroxybenzylidene-paminobenzoic acid is dimorphous. By 
trituration it changes to a slightly deeper-coloured variety, which 
loses colour on keeping, more readily in the absence of sunlight, 
reverting eventually to the original variety. The paler-coloured 
variety is scarcely affected by sunlight. On prolonged exposure 
the colour deepens slightly. It is thermotropic between the ordinary 
temperature and “the lower temperature.” The deeper-coloured 
variety is thermotropic between the ordinary and “the lower tem- 
perature.” At higher temperatures this variety changed back into 
the paler-coloured variety. The colour changed to a browner, 

polymorphic form by prolonged exposure to sunlight. 


4-Hydroaybenzylideneanisidines, OH-C,H,-CH:N-C,H,-OMe. 
4-Hydroxybenzylidene-o-anisidine crystallises in cream-coloured 
prisms from solution in xylene. It melts at 183—183°5° (corr.): 
0°3062 gave 16°6 c.c. Ny at 10° and 742°5 mm. N=6'39. 
C,,H,,;0,N requires N=6°17 per cent. 
4-Hydroxybenzylidene-o-anisidine is dimorphous. By trituration 
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it changes to a canary-yellow variety, which becomes paler on 
keeping, especially when removed from the influence of sunlight, 
and is eventually converted into the original variety. Zhe paler- 
coloured variety is not phototropic, but prolonged exposure to 
sunlight causes it to become slightly deeper in colour. It is thermo- 
tropic between ‘“‘the lower temperature” and about 150° The 
deeper-coloured variety is both phototropic and thermotropic at 
“the lower temperature,” and is converted into the paler form at 
about 130°. By prolonged exposure to sunlight a deeper colour 
develops, probably indicating a polymorphic form. 

4-H ydroxybenzylidene-m-anisidine crystallises in cream-coloured 
prisms from methyl alcohol. It melts at 193—193°5° (corr.) : 

0°2172 gave 11°3 cc. N, at 11° and 758 mm. N=6°23. 

C,,H,,0,N requires N=6°17 per cent. 

4-Hydroxybenzylidene-m-anisidine is dimorphous. By trituration 
it changes to a pale yellow variety, which loses colour on keeping, 
especially if removed from the influence of sunlight. The paler- 
coloured variety is only slightly altered on prolonged exposure to 
sunlight. It is thermotropic between “the lower temperature ” 
and about 140°. The deeper-coloured variety is thermotropic 
between the ordinary and “the lower temperature.” At high tem- 
peratures it behaves differently from the paler variety. On 
prolonged exposure to sunlight a brownish-coloured polymorphic 
form results. 

4-H ydroxybenzylidene-p-anisidine crystallises from xylene in 
bright yellow plates melting at 211—211°5° (corr.): 

0°1482 gave 7°5 c.c. N, at 8° and 757 mm. N=6'12. 

C,,H,;0,N requires N=6'17 per cent. 

4-Hydroxybenzylidene-p-anisidine is dimorphous. By trituration 
it is converted into a deeper-coloured variety, which becomes paler 
on keeping if removed from the influence of sunlight. The paler- 
coloured variety is not affected by sunlight, but is thermotropic 
between “the lower temperature” and about 200°. The deeper- 
coloured variety is thermotropic between the ordinary and “the 
lower temperature,” and appears to be converted into the paler- 
coloured variety at about 120°. Prolonged exposure to sunlight 
produces a brown-coloured polymorphic form. 


4-Hydroxybenzylidenenaphthylamines, OH:*C,H,*CH:N°C,oH;. 


4-Hydroxybenzylidene-a-naphthylamine crystallises from xylene 
in buff-yellow plates, melting at 191—191°5° (corr.): 
0°2048 gave 9°7 c.c. N, at 11° and 744°5 mm. N=5'57. 
C,;H,,0N requires N=5°67 per cent. 


———— 
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4-Hydroxybenzylidene-a-naphthylamine is dimorphous. By tri- 
turation it is changed into a deeper-coloured variety, which on 
keeping, especially in the absence of sunlight, becomes paler, but 
on long keeping faintly brown. The juler-colowred variety is not 
affected by sunlight, but is thermotropic between “the lower tem- 
perature” and about 170°. The deeper-coloured variety is both 
phototropic and thermotropic at “the lower temperature.” At 
about 110° it reverts to the paler variety. A deeper brownish- 
coloured polymorphic form is produced by prolonged exposure to 
sunlight. 

4-Hydroxybenzylidene-B-naphthylamine crystallises from alcohol 
in deep yellow plates melting at 231°5° (corr.): 

0°1772 gave 8°5 c.c. Ny at 11° and 748 mm. N=5'67. 

C,,H,,0N requires N =5°67 per cent. 

4-Hydroxybenzylidene-6-naphthylamine is not changed in colour 
by trituration. It is not phototropic, but exhibits thermotropy 
between “the lower temperature and about 200°.” 
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COXXXI.—Diphenyl-2 : 3: 2':3'- und -3: 4:3): 4'-tetra- 
carboxylic Acids. 
By James KENNER and ANNIE Moore Martuews. 


IN previous communications it has been shown that the ease with 
which hydrindene derivatives may be prepared from those of 
o-xylene finds its counterpart in the facility attendant on the 
formation of dibenzocycloheptadiene derivatives from those of 
2:2/-dimethyldiphenyl (Kenner and Turner, T., 1911, 99, 2101; 
Kenner, T., 1913, 108, 615). It therefore seemed desirable to 
investigate the behaviour of some compound, such that, in any 
change to which it might be submitted, the formation of a hydrin- 
dene derivative would be alternative to that of a dibenzocyclo- 
heptadiene derivative, and the most suitable compound for this 
purpose appeared to be ww/w"w//’-tetrabromo-2 : 3:2! :3/-tetra- 
methyldiphenyl (1): 
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Whilst, however, the preparation of 2:3:2/:3/-tetramethyl- 
diphenyl from 3-iodo-o-xylene would doubtless be easy to accom- 
plish, it is evident from the account given by Crossley and Renouf 
of the preparation of 3-nitro-o-xylene (T., 1909, 95, 215), that this 
compound, and hence also the iodo-derivative, are only accessible 
with difficulty. It was therefore decided to investigate the behavi- 
our of diphenyl-2 :3:2/ :3/-tetracarboxylic acid, since diphenyl-2 : 2’- 
dicarboxylic acid (ordinary diphenic acid) is well known to be 
convertible into an anhydride and an imide. 

Tetramethyl diphenyl-2 :3: 2! :3/-tetracarboxylate (11) was easily 
obtained by heating dimethyl 3-iodophthalate with copper powder 
at 260°, and was converted into the tetracarboxylic acid (III) by 
hydrolysis in the usual manner: 


4 
/ \o,Me 
4 /)00,Me ( \\co,Me a Neo, H 
: \ Me m a as “H 
— 
Aw i \co,Me / co, H 
( c0,Me \_ e0.Me \_ ooo 
\_/co,Me 4 4 
(Il.) (IIL.) 


By treatment with dehydrating agents this acid was converted 
into the dianhydride (1V), and no sign of the monoanhydride (V) 
could be detected : 


‘a \co /\co.H 


lan? ym, 
a A \og 
| ote O oo. i 
hai be ii 
(IV.) (Vv) 


Two possible explanations of the parallelism between the modes 
of formation of hydrindene and dibenzocyc/vheptadiene derivatives 
have been discussed (Kenner, T., 1913, 103, 615), a not uncondi- 
tional preference being expressed for that one which is based on 
the suggestion that the strain in a cycloheptadiene ring is inter- 
mediate between that of the cyclopentane and cyclohexane rings. 
Further evidence in this direction may be derived from the work of 
Thiele and liis collaborators (Annalen, 1906, 347, 112; 1909, 369, 
287; 1910, 377, 1). Whilst the condensation of phthalaldehyde 
with acetone results in the formation of 2-acetyl-3-hydrindone: 


(Neto + CH,-CO-CH, —> ( ee. >CH-CO-CHy 
A hal 


Antara ensanten 


acon easenen~ 
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derivatives of benzocycloheptadienone are produced when the 
acetone is replaced by its homologues. Thus, when methyl ethyl 
ketone is employed the reaction proceeds as follows: 


/\cHO /\ onic 
9 ‘ -<CMe 
| loo + CH,MeCO-CH, —> | lcH—cH-©°- 


\74 \% 

Whatever influence determines the change in the course of the 
reaction is not sufficient to prevent the formation of the five- 
membered ring when, as in the following case, the production of a 
seven-membered ring is rendered impossible: 

| Nouo + CH,yCO-CHMe, —> ( oO-Scu-co-cue,, 

SF slide, 
and it is therefore difficult to escape the conclusion that the con- 
tention just referred to is justified. The anhydride formation 
described above can also be interpreted as evidence in favour of 
the view that the cyclopentane ring is formed somewhat more 
easily than the cycloheptadiene ring; although it may be urged 
from considerations based on energetics that the formation of 
dianhydride would in any case be more probable than that of a 
monoanhydride. 

Recently, however, Kaufler’s formula for diphenyl, on which 
the second explanation was based, has been upheld by Cain and 
Micklethwait (this vol., p. 1437), who prepared condensation pro- 
ducts of benzidine with ortho-diketones, to which they assign the 
structure: 


The present authors, however, regard it as somewhat disquieting 
that these and similar condensation products cannot be freed 
without decomposition from the two molecular proportions of 
aleohol or other compound which always accompany them, and 
similar misgivings appear to have been entertained by Morgan 
and Micklethwait (T., 1908, 98, 615). It may be observed that no 
difficulties of this kind were encountered by Tauber in the prepara- 
tion of similar condensation products from 2: 2/-diaminodipheny] 
(Ber., 1892, 25, 3287; 1893, 26, 1703). Further, Cain and 
Micklethwait explain the isomerism of the two o-dinitrobenzidines 
on the supposition that the nitro-groups occupy the 3:3/-position 
in the one compound, and the 3:5/-position in the other, the steric 
hindrance of the nitro-groups being assumed to prevent free 
rotation of the benzene nuclei. It would be anticipated that a 


(Nou aa: aaa 00,8» 
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similar hindrance would be observed in the case of 2:2/-diphenyl- 
diacetic acid. Such, however, is not the case. For, whilst diethyl 
diphenyldiacetate furnishes ethyl dibenzocycloheptadienonecarb- 
oxylate (VI) (Kenner, loc. cit.), diphenyldiacetyl chloride can be 
converted into dihydroxypyrene (VII) (Weitzenbéck, M/onatsh., 
1913, 34, 199): 


om i 


| — | 
. /PA(CO, Et), Ye © ie 
Nco y on 
/\cu,— CHA A _/£0 
| | 
. 
(VL) (VII.) 


It also appeared of interest to institute experiments on the 
esterification of dipheny!-2:3:2/:3/-tetracarboxylic acid. It is 
well known that the benzene nucleus of certain naphthalene and 
anthracene derivatives, such as those represented by the formule: 

CO,H CO,H CO,H CO,uU 
CACO), ’ 
ws wer NT we 


(VIII.) 

exerts a strong hindrance on ester formation, but the effect of a 
phenyl group in the ortho-position has not yet been studied. The 
considerations by which Petrenko-Krittschenko (J. pr. Chem., 
1900, [ii], 61, 431, and later papers) has sought to explain the 
greater reactivity of cyclic ketones, as contrasted with that of 
corresponding open-chain compounds, apply equally well in this 
case, and would lead one to expect the greater freedom for vibra- 
tion of the phenyl group to confer on it a greater power of 
hindrance to esterification than that possessed by the benzene 
nucleus. And, indeed, it was found that diphenyltetracarboxylic 
acid (VIII), an acid of the type referred to, was converted only to 
a very small extent into the tetramethyl ester, when treated in 
the usual manner with methyl alcohol and sulphuric acid. When, 
however, the esterification was carried out in the presence of a 
considerable excess of sulphuric acid, a good yield of the tetra- 
methyl ester was obtained, an observation which agrees with the 
experience of Wegscheider (Ber., 1895, 28, 3128) in similar cases. 

The weight of this evidence is also against Kaufler’s formula. 
For it appears at least doubtful whether benzene nuclei, in the 
relative positions assigned to them by him, would be capable of 
exerting such a hindrance. 

In our judgment, therefore, the most that can be said is that 
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under certain conditions diphenyl may assume the configuration 
suggested by Kaufler,* just as the formation of cyclopropane indi- 
cates that one phase in the existence of the trimethylene dibromide 
molecule is represented by the formula IX: 


a; -CH,Br — 
ae, “ MRey 
(IX.) 


It does not, however, follow that such formule represent the 
normal condition of affairs. 

During the preparation of the 3-nitrophthalic acid required for 
these experiments a considerable quantity of 4-nitrophthalic acid 
was obtained, and it was therefore decided to undertake the syn- 
thesis of diphenyl-3 :4:3/:4’-tetracarboxylic acid (X) in a manner 
similar to that adopted for the 2:3: 2/:3/-tetracarboxylic acid, and 
represented in outline by the following scheme: 


CO,H 
f™ 
NO, NH, I _ 
in AN a \/ 
| \cow \ 00, 4 POOH a» 
CO,H 60,H CO,H 
2 2 2 00H 
60,H 
(X.) 


This was the more desirable since it had been found that the 
action of oxalyl chloride on 2:2/- and 4:4/-dimethyldipheny] : 
C,H,Me ail C,H,Me-CO,H 
C,H,Me C, U1 ,Me*CO,H” 
led to the production of unsymmetrical dimethyldiphenyldicarb- 
oxylic acids (Liebermann, Ber., 1912, 45, 1187; Kenner and 
Witham, T., 1913, 103, 232). The behaviour of 3:3/-dimethyl- 
diphenyl was also studied by Liebermann and a symmetrical struc- 
ture, that of a 3:3/-dimethyldiphenyl-4 :4’/-dicarboxylic acid, was 
assigned to the product, because on oxidation it was converted into 
a tetracarboxylic acid: 
CsH;Me-CO,H sili Cs H,(CO,H), 
C,;H,Me-CO,H C,H,(CO,H),’ 
from which a dianhydride was obtained. 

* It had also been hoped to apply the reactions employed in the formation of 
cyclic compounds from 2’ :2’-dimethyldiphenyl to the corresponding 3:3’- and 
4: 4’-derivatives (compare Kenner, Joc. eit., p. 618), but an intimation was received 
from Professor Finger of Darmstadt that he was engaged in the preparation of these 


derivatives for other purposes, and experiments in this direction were therefore 
postponed, 
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It is, however, obvious that there are three formule which are 
in agreement with this observation : 


CO,H 
Om OO OR 
» Y ' ¥ . 

\ t™ f \co,H 

00.4 | 0H k JOH 

SO,H VO,H 

(XL) (XIL) 


and the constitution of the acid in question had therefore not been 
decisively proved. The preparation of diphenyl-2 :3 : 2! :3/-tetracarb- 
oxylic acid disposed of formula XII, but the unsymmetrical 
formula XI remained. It was found that, with the exception of 
minor points of divergence, the properties of Liebermann’s com- 
pound agreed with those of the synthetical product, and the sym- 
metrical structure was therefore confirmed. 

The contrast thus brought to light between the behaviour of 
2:2/- and 4:4/-dimethyldiphenyls on the one hand, and of 
3: 3/-dimethyldiphenyl on the other, is only an apparent one. For 
substitution of diphenyl is known to take place in the 4 : 4’-position, 
whilst methyl groups direct substituents into the ortho- and para- 
positions. In the case of 3:3/-dimethyldiphenyl these two directive 
influences assist each other, but they are in opposition in the 
isomeric compounds, and the unsymmetrical substitution in these 
cases may be explained on the assumption that in one-half of the 
molecule the diphenyl directive influence asserts itself the more 
strongly, whilst in the other half the influence of the methyl group 
prevails. 


EXPERIMENTAL. 
3-Nitrophthalie Acid. 


Phthalic anhydride was nitrated according to the directions of 
Miller (Annalen, 1881, 208, 223). It was, however, found advan- 
tageous to subject the mixture of crude 3- and 4-nitrophthalic acids 
thus obtained to fractional crystallisation from water. In this 
manner 400 grams of pure 3-nitrophthalic acid were easily and 
rapidly obtained from 1600 grams of phthalic anhydride, and the 
mixture of acids contained in the mother liquors was then separated 
into its components in the manner indicated by Miller. 


-3:4:3':4’-TETRACARBOXYLIU ACIDS. 


3-Aminophthalic Acid. 


The preparation of this acid according to the directions given by 
Bernthsen (Ber., 1886, 19, 166) was found to be an operation 
requiring considerable care, and the process finally adopted is 
therefore described in detail. 

Zinc dust (15 grams) was added in small quantities to a mixture 
of 3-nitrophthalic acid (25 grams) with 20 per cent. acetic acid 
(300 grams), the temperature of the mixture being maintained 
below 30°. If the operation had been successful a separation of 
crystals commenced when nearly all the zinc had been added. 
After eight hours the product, together with any unchanged zine, 
was separated by filtration. The residue was then repeatedly 
triturated with small quantities (in all, 100 c.c.) of 20 per cent. 
dilute sulphuric acid, when all the amino-compound passed into 
solution, leaving some unchanged zinc. To the solution crystallised 
sodium acetate (150 grams) was then added. On stirring well the 
acetate passed into solution, and the double zine acetate compound 
of the aminophthalic acid, together with sodium sulphate, was 
precipitated, and after a short time was collected for use in the 
subsequent operations. 


3-Todophthalic Acid. 


The reduction product from the previous operation was dissolved 
in a warm mixture of 25 grams of concentrated sulphuric acid with 
250 grams of water. The solution, after being cooled to 0°, was 
diazotised ; when near the end-point it became converted into a 
voluminous, yellow paste, and a concentrated solution of potassium 
iodide was then added. After some time the mixture was warmed 
until all the nitrogen had been evolved. Sulphurous acid having 
been added to remove excess of iodine, the iodophthalic acid, which 
had separated out, was collected, washed, and dried at 100°. 


Dimethyl 3-Iodophthalate. 


Silver 3-iodophthalate (10 grams) was heated in a reflux appara- 
tus on the water-bath with benzene (20 c.c.) and methyl iodide 
(10 grams). After three hours the ester was isolated in the usual 
manner, and purified by solution in light petroleum (b. p. 
90—120°). In this way the ester was obtained in prisms melting 
at 89°. When quite pure the ester is colourless, but readily 
assumes a pale yellow colour on exposure: 


0°3948 gave 0°2831 AgI. I=39°20. 
C,,H,O,I requires I=39°69 per cent. 


“I 
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T'ctramethyl Diphenyl-2 :3 :2!:3!-tetracarborylate (11). 


Dimethyl 3-iodophthalate was heated in portions of 10 grams 
to 240°, and in the course of twenty minutes an equal weight of 
copper powder was added in small quantities with continual stir- 
ring. The mixture was then heated at 260° for forty-five minutes, 
allowed to cool, and thoroughly extracted with chloroform; finally, 
the solution was filtered, and concentrated to crystallisation. The 
ester was further purified by recrystallisation from benzene, from 
which it separated in prismatic needles melting at 167°. 

The ester is sparingly soluble in cold alcohol, moderately so in 
hot alcohol, hot light petroleum (b. p. 90—120°) or benzene, and 
readily so in chloroform : 

0°1522 gave 0°3490 CO, and. 0°0640 H,O. C=62°5; H=4°48. 

CypH gO, requires C=62'2; H=4'66 per cent. 

Attempts to prepare a condensation product of the ester with 
ethyl acetate (compare Wislicenus and Kétzle, Ber., 1877, 10, 
1553) resulted in the formation of indefinite products, but when 
an alcoholic solution of the ester was digested with hydrazine 
hydrate on the water-bath for a considerable time, a yellow com- 
pound was gradually deposited. The product was readily soluble 
in water, and when the aqueous solution was acidified, a white 
precipitate, insoluble in all the solvents applied, was obtained, 
together with a salt of hydrazine. Although the analytical figures 
were not sharp, there can be no doubt that the yellow compound 
was the dihydrazine salt of diphthalylhydrazine, 

CO-NU 
(-CoHs<co.sry Nella)e 


Diphenyl 2:3:2!:3!-Tetracarborylic Acid (III). 


The tetramethyl ester readily underwent hydrolysis when treated 
with alcoholic potassium hydroxide in the usual manner. The 
potassium salt of the acid separated in plates, and was collected. 
By acidifying a concentrated solution of the salt in hot water the 
acid was liberated and separated in hexagonal plates as the solution 
cooled. Owing to its great solubility in water it is difficult in 
this way to separate all the acid from inorganic salts, but attempts 
to prepare the acid by decomposition of its sparingly soluble lead 
salt with hydrogen sulphide were unsatisfactory. The acid melts 
at 265°, passing over into the anhydride: 

0°1332 gave 0°2732 CO, and 0°0424 H,O. C=55'94; H=3°53. 

0°2170 lost 0°0106 at 110°. H,O=4°9. 
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01992 required 17°09 c.c. V/10-KOH. M.W.=348°8. 
CgH,yO3,H,O requires C=55°17; H=3'45; H,O=5'l per cent. 
M.W.=348. 

After dehydration at 110°: 
0°1006 gave 0°2131 CO, and 0°0312 H,O. C=57°80; H=3°41. 
C,¢H,,O, requires C=58°18; H=3°03 per cent. 


The anhydride (IV) was obtained in two ways, namely, (1) the 
tetracarboxylic acid was heated in a reflux apparatus with twice 
its weight of acetyl chloride on the water-bath, until hydrogen 
chloride was no longer evolved, and finally the excess of acetyl 
chloride was removed by evaporation. 

(2) When 2:2/-carbomethoxydiphenyl-3 :3/-dicarboxylic acid was 
heated to a temperature just above its melting point, methyl alcohol 
was rapidly evolved, and the mass solidified. 

The crude product in each case was purified by crystallisation 
from nitrobenzene, and separated in hexagonal plates, which melted 
at 267°. The anhydride is stable towards cold sodium hydrogen 
carbonate solution, and is moderately soluble in nitrobenzene or 
xylene, but only sparingly so in acetone: 

01464 gave 0°3490 CO, and 0°0290 H,O. C=65°01; H=2°2. 

C,;H,O, requires C=65°31; H=2°04 per cent. 


Partial Hydrolysis of Tetramethyl Diphenyl-2 :3 :2!:3!-tetra- 
carboxylate. 


A solution of the tetramethyl ester in methyl alcohol was heated 
in a reflux apparatus on the water-bath with the amount of 
N/2-potassium hydroxide solution theoretically requisite for the 
hydrolysis of two of its four carbomethoxy-groups. After half-an- 
hour the solution was neutral, and was freed from methyl alcohol 
by evaporation, When the aqueous solution of the residue was 
acidified, a precipitate of 2:2/-carbomethoxrydiphenyl-3 : 3!-dicarb- 
orylic acid was obtained. The acid crystallises from alcohol in 
rhombic prisms, which melt at 205° with decomposition, and forma- 
tion of the anhydride: 


0°1808 required 9°5 c.c. V/10-NaOH. Equivalent =190°3. 


It was hoped to obtain the isomeric 3 : 3/-dicarbomethoxydipheny]l- 
2:2/-dicarboxylic acid by esterification of the anhydride with the 
calculated amount of sodium methoxide (compare the formation 
of 3-nitro-2-carbomethoxybenzoic acid from nitrophthalic anhydride, 
Wegscheider, Monatsh., 1900, 21, 787), but experiment showed 
that a mixture of esters was produced in this manner. 

7¥2 
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Esterification of Diphenyl-2 :3:2!:3!-tetracarhborylie Acid. 


A solution of 3°67 grams of the acid in 20 c.c. of methyl alcohol 
was heated with 1 c.c, of concentrated sulphuric acid for six hours 
in a reflux apparatus. The product was poured into water, 
rendered alkaline with sodium carbonate solution, and extracted 
with ether. In this manner 0°09 gram of the tetramethyl ester 
(melting point, 162°) was obtained, and it is thus apparent that 
esterification of the acid is not complete under ordinary conditions. 


Diethyl 4-lodophthalate. 


This compound has previously been described by Edinger, who 
does not, however, give details of its preparations (J. pr. Chem., 
1896, [ii], 58, 375). 

A solution of diethyl 4-aminophthalate (20 grams) in dilute (1:5) 
sulphuric acid (800 c.c.) was decolorised by boiling with animai 
charcoal, filtered, cooled to 0°, and diazotised. A concentrated 
solution of potassium iodide was then added, and after some time 
the mixture was heated until the evolution of nitrogen was 
complete. The ethereal solution was washed successively with 
sodium carbonate and sodium thiosulphate solutions, dried, and 
distilled. In this manner the ester was obtained as a colourless 
liquid, boiling at. 235—238°, and remarkable for the readiness with 
which it undergoes hydrolysis by alkali hydroxide. 


Dimethyl 4-Todophthalate, 


t was anticipated that this compound would be better adapted 
for the preparation of dipheny]l-3 : 4 : 3/: 4’/-tetracarboxylic acid than 
the diethyl ester. The latter was therefore hydrolysed by adding 
50 per cent. potassium hydroxide solution (30 grams) to a mixture 
of the ester (33 grams) with absolute alcohol (55 c.c.). Heat was 
evolved, and the mixture solidified almost immediately. The 
potassium salt thus formed was collected, and the acid obtained 
from it in the usual manner. 

The acid was then esterified with methyl alcohol and concentrated 
sulphuric acid. The product, after pouring into water, was washed 
with dilute sodium carbonate solution, and worked up in the usual 
manner. It was found that the alkali extracted a considerable 
amount of acid ester, which was recovered and again submitted to 
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esterification. In this manner the ester was obtained as a colour- 
less oil, boiling at 219°: 
0°4066 gave 0°2994 AgI. I[=39°81. 
C,»)H,O,I requires I=39°68 per cent. 


Tetramethyl Diphenyl-3 : 4 :3! :4'-tetracarboxylate. 


The conversion of dimethyl 4-iodophthalate into the diphenyl 
derivative was carried out in the same manner as already described 
in the case of the 3-iodophthalic ester, the product being isolated 
by extraction with ether. The ester was accompanied by a con- 
siderable amount of oily matter, and crystallised from the ethereal 
solution in comparatively poor yield. It was purified by repeated 
crystallisation from methyl alcohol. According to Liebermann 
(/oc. cit.), the melting point of his product was raised, in this way, 
from 91° to 99°. In the present case, however, it was observed 
that when two portions of the same sample were recrystallised, the 
one from a hot concentrated solution, the other from a cold dilute 
solution, the products melted at 101° and 93°. On one occasion a 
melting point of 106°, with softening at 91°, was observed. It is 
therefore apparent that two forms of ester exist (Found, C=62°32 ; 
H=4'54. C,,H,,0, requires C=62°18; H=4°66 per cent.). 


Diphenyl 3:4:3!:4'-Tetracarboxylic Acid (X). 


This acid was prepared by the hydrolysis of its tetramethyl ester 
in the usual manner, and was isolated by acidifying a somewhat 
dilute aqueous solution of its potassium salt. In this way it was 
at once obtained in the pure condition. It was much less soluble in 
water than the 2:3:2':3/-isomeride, and separated in needles, 
which contained 2 molecular proportions of water of crystallisation 
(Liebermann gives 1—14): 

0°1588 gave 0°3044 CO, and 0°0534 H,O. C=52'2; H=3°73. 

0°4290 lost 0°0428 H,O at 115°. H,O=9°97. 

0°1500 required 16°43 c.c. V/10-KOH. M.W.=365. 

C,gH90,,2H,O requires C=52°46; H=3'83 ; H,O=9°84 per cent. 
M.W.= 366. 
The dehydrated acid was also analysed : 
0°1447 gave 0°3084 CO, and 0°0384 H,O. C=58'13; H=2°94. 
C,¢H,)O, requires C=58'18; H=3'03 per cent. 

Contrary to the statement of Liebermann, it was not found that 
the acid underwent further dehydration, with the production of 
anhydride, when heated at 145°. 
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The anhydride was, however, prepared by heating the acid with 
excess of acetyl chloride until no further reaction took place. After 
crystallisation from nitrobenzene, it was obtained in needles, which 
melted at 292° (Found, C=64'8; H=2°29. C,,H,O, requires 
C=65°31; H=2°04 per cent.). 


In conclusion, the authors wish to express their gratitude to the 
Research Fund Committee of the Chemical Society for a grant 
which defrayed the cost of this investigation. 


THE UNIvERsiTy, 
SHEFFIELD, 


CCXXXII.—The Absorption Spectra of the Vapours and 
Solutions of Various Derivatives of Benzaldehyde. 


By Joun Epwarp Purvis. 


In previous communications (Purvis and McCleland, T., 1913, 108, 
1088, and Purvis, ¢bid., 1638) the absorption spectra of benz- 
aldehyde and some of its derivatives have been described. It was 
proved that the vapours of several of these derivatives showed 
fewer absorption bands than benzaldehyde itself. In other 
instances no such bands were observed, and that the phenomena 
were then similar to the solution bands, the chief difference being 
one of position. 

Tha author has continued the investigation with a number of 
other derivatives of benzaldehyde to see how far and in what direc- 
tions various isomeric compounds and other compounds derived 
from benzaldehyde influence the type of absorption when they are 
in the vaporous condition and in alcoholic solution. 

The substances examined were: o-, m-, and p-chlorobenzaldehydes, 
o-, m-, and ptolualdehydes, o-, m-, and p-hydroxybenzaldehydes, 
anisaldehyde, o-, m-, and p-phthalaldehydes, cuminaldehyde, vanil- 
lin, benzaldoxime, benzylidene chloride, benzaldehyde sodium 
hydrogen sulphite, mandelonitrile, benzoyl chloride, and cinnam- 
aldehyde. 

The experimental methods have been described before. The con- 
densed cadmium spark was used as the source of light. The absorp- 
tion tube for the study of the vapours was usually exhausted of air 
and filled with nitrogen so as to eliminate as much as possible the 
oxidation of the compounds. For the investigation of the solutions 
the substances were dissolved in alcohol. 


ment net 
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o-Chlorol enzaldehyde.—The alcoholic solution showed two bands 
(Fig. 1, I), which are not unlike those found in benzaldehyde 
(loc. cit.), except that they are shifted more towards the red end. 

The vapour of the substance in a 200 mm. tube at various tem- 


peratures and pressures showed the following phenomena. 


The 


abbreviations descriptive of the separate bands are those which 
have been used in previous communications: 


15° 
774 mm. 

The rays were 
transmitted to 
about A 2470 
when the follow- 
ing weak bands 
were observed. 


A 
2469 v.w. 
2460 ,, 
2457 ,, 
2452 ,, 
2445 ,, 
2439 


and the rays were 
then transmit- 
ted to Cd 2144. 


20° 
790 mm. 

The rays were 

transmitted to 

about A 2470 

when the follow- 

ing weak bands 

were observed. 


A 
2468 v.w. 
2460 ,, 
2456 ,, 


and then trans- 
mitted to Cd 
2144, 


25° 
808 mm. 
2992 v.w. 
2989 ,, 
2986 ,, 

The rays were then 
transmitted to 
A 2478, and ab- 
sorbed from here 
to A 2320 ; they 
were then feebly 
transmitted to 
Cd 2144. 


35° 
825 mm. 


A 
2998 v.w. 
2995 w. 
2992 w. 
2989 w. 
2986 mod.w. 
2979 v.w. 
2974 ,, 
2968 _ ,, 
2962 ,, 
2958 ,, 
2954 mod.w. 
2950 _=Cé,, 
2944 v.w. 
2919 ,, 
f 2906 _ ,, 
\ 2902 ,, 
2898 ,, 
2894 ,, 
f 2891 v.w. 
\ 2883 w. 


45° 55° 
844 mm. 860 mm. 

A The rays were ab- 
2005 sorbed between 
Poe — 4 3004.anda 2985 
2995 w. and then almost 

| 2993 w. completely ab- 
| 2990 mod.w. sorbed between 
2986 mod.str. A 2980 and 
" 2979 v.w. A2770; — then 
2974 fairly strongly 
2968 - transmitted to 
2962 ,, about A 2570. 
2958 ,, wre 
2954 mod.w. 75 
2950 ay 878 mm. 
2944 w. The rays were ab- 
2919 v.w. sorbed from 
2906 ,, A 3050 to about 
{ 2902 ,, A 2600 and then 
f 2898 _,, feebly trans- 
\ 2894 ,, mitted to A 2570. 
f 2891 v.w. 
\ 2883 w. 90° 
900 mm. 


From here the rays FromheretoA2780 The rays were ab- 


showed signs of 
absorption to 
A 2800, and then 
the rays were 
moderately 
strongly trans- 
mitted to A 2490; 
the Cd_ lines 
2265 and 2194 
were visible. 


The results show that there were a considerable number of bands 


the rays 
weak ; and then 
transmitted 
more 
to A 2500. 


sorbed from 
A 3070. 


were 


strongly 
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in the vapour which were absent in the solution; and that, on the 
other hand, as the temperature and pressure increased, the absorp- 
tion of the vapour was comparable with that of the solution in so 
far as the disappearance of the vapour bands is concerned and the 
appearance of two wide large bands. 

m-Chlorobenzaldehyde.—The alcoholic solution showed two bands 
(Fig. 1, II), which are not unlike the two bands of the ortho- 


compound, but there is a slight difference in position. 


The vapour 


of the substance in a 200 mm. tube showed the following pheno- 


mena: 


18° 
774 mm. 

A 
The rays were 
transmitted to 
about aA 2440 and 
then the follow- 
ing weak bands 

were observed. 


2438 w. 
2430 w. 
2427 v.w. 
2413 ,, 
2410 ,, 
2403 =Cy 


The rays were 
then transmit- 


ted to Cd 2144. 


30° 
818 mm. 
A 
The rays were 

transmitted to 
about A 2440 
and then the fol- 
lowing bands 
were observed. 


2438 w. 
2430 v.w. 


The rays were 
then absorbed 
to Cd 2329 and 
then transmit- 
ted to Cd 2144. 


45° 55° 
844 mm 860 mm. 
A A 
2972 v.w. 2972 w. 
2968 ,, 2968 w. 
2964 ,, 4 2964 w. 
| 2960 | | 2960 mod.str. 
2957 ,, | 2957 _ 
(2951 ,, f 2951 w. 
\ 2949 mod.w. \ 2949 mod.str. 
2945 v.w. 2945 w. 
¥ 2035 _ ,, f 2935 w. 
\ 2930 ,, \ 2930 w. 
(2925 ,, f 2925 w. 
\ 2922 w. \ 2922 mod.w. 
f 2915 w. f 2915 w. 
\ 2912 w. \ 2912 mod.w. 
f 2904 v.w. { 2904 v.w. 
\ 2901 ,, 2001 ,, 
f 2892 ,, f 2892 ,, 
\ 2886 ,, \ 2886, 
f 2876 w. 2876 mod.w. 
\ 2869 v.w. 2869 w. 
2362 2862 w 
2859 _,, 2859 w. 
2856 _ ,, 2856 w. 
2847 2847 w. 
2843 v. wv. 2843 v.w. 
The rays were The rays were 
then transmit- then transmit- 
ted to A 2450. ted to about 
A 2480. 
75° 
904 mm. 
A 
3013 v.w. 
3007 _,, 
The rays were 
then absorbed 
from about 


A 2980 to A 2730 
and then trans- 
mitted to A 2500 


The 


60° 
aie mm. 


f 301 : V.w. 
\ 3007 =, 
2972 mod.w. 
2967 w. 
2964 w. 
| 2959 mod.str. 
2957 4, » 
f 2952 mod.w. 
\ 2950 mod.str. 
2946 ei 
f 2935 - 
\ 2930 og 
f 2924 me 
\ 2922 mod.w. 
f 2916 w. iF 
\ 2913 mod.w. \ 
{ 2904 w. i} 
2901 w. ' 
f 2892 v.w. } 
\ 2886 ,, y 
2876 w. 
2869 v.w. 
2862 _ ,, 
2859 ,, 
2856 _ ,, 
S647, 
2843. C,, 


The rays were f 


then transmit- 
ted to A 2490. 


90° 

934 mm. 

rays were 
absorbed _be- 
tween A 3030 
and A 2630 and 
then transmit- 
ted to A 2530. 


fed 
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Again, in the meta-compound the vapour showed a considerable 
number of bands which were absent in the solution. The shift of 
the vapour bands towards the more refrangible end of the spectrum 
as compared with the vapour bands of the ortho-compound is also 
noticeable. 

p-Chlorobenzaldehyde.—The solution phenomena of the com- 


Fic, 1. 
Oserllation frequencics. 


28 30 32 34 #36 38 #40 42 44 46 


4°7 
30 mm. 

s 4°3 \ + ~ M/10 
LN 
s 39h 
8 es S 
2 36+¢— \ c 30mm. & 
3 \\ M/100 «6S 
3 3 1 = \ = — —- are | — a ie. = 
= 27 =\ 2 - & 
$ ; \ \A \ 730 mm. 3 
Ss, 2°3 Ww a 1 —  M/1000 & 
pe 8 
= 19 a ain \-4— + i" & 
3 ‘ \ 
: : 
5 — ; — eee = 430 mm. 
3 — , M/10,000 

1‘1}-- ——— ana 

id _ 


I. 0-Chlorobenzaldehude. 
II. m-Chlorobenzaldehyde (dash and dot line). 
IIL. p-Chlorobenzaldehyde. 


pounds are markedly different from those of the ortho- and meta- 
compounds. It will be seen (Fig. 1, III) that the more refrangible 
band is much wider and stronger than the corresponding band of 
the ortho- and meta-compounds, and there is only a trace of the 
less refrangible one. There is also a greater shift in the position 
of the two bands and of the line of general absorption towards the 
red end. The vapour of the substance in a 200 mm. tube showed 
the following phenomena: 


2486 PURVIS: THE ABSORPTION SPECTRA OF THE VAPOURS AND 


15° 30° 55° 69° 
774 mm. 818 mm. 860 mm. 874 mm. 
The rays were The rays were r r 
transmitted to  feebly transmit- ae 2865 
A 2120. ted between ( aioe “ ( po — 
a oe : 2853 w. | 2853 ,, 
re on 2847 w. 2847 mod.str. 
then more 2838 v.w 2838 w 
strongly to Cd 2834 ,, 2834 w 
; 2 — , 42831 ,, 1 2831 w 
eres oe 9 
There were no traces of any weak re- 2033» : be 
‘ : : 2825 2825 w 
frangible bands like those found in 9899 * 2822 v.w 
the ortho- and meta-compounds in 2817 - 2817 
the more refrangible regions. 9813 2813 = 
2811 2811 ,, 
sare 2808 2808 w. 
— 2805 ,, 2805 w. 
A 2795 ,, 2795 v.w. 
2865 v.w. 2788 ,, 2788 w. 
2858 ,, ia 2781 v.w. 
2853 w. 2754 w 2754 w. 


2847 mod.str. 


The rays were 
then transmit- 
ted to about 
A 2550, and then 
absorbed to 
about A 2300; 


The rays were 


then transmit- 
ted te A 2570, 
and then ab- 
sorbed to Cd 
2195; Cd 2144 
was also visible. 


The rays were 


then transmit- 
ted to A 2580, 
after which 
there was com- 
plete absorp- 
tion. 


after this they 
were transmit- 
ted to A 2144. 


75° 
904 mm. 

A moderately wide band between A 2865 and A 2847, and also one between 
A 2838 and A 2825, that is, the bands of the two groups found at 55° and 60° 
widened into each other and formed two fairly wide bands at the higher 
temperature and pressure. The rays were then feebly transmitted to A 2750. 


90° 
934 mm. 
A 


The rays were transmitted to A 2900, after which there was complete 
absorption. 


Again, in the para-compound the vapour showed a number of 
bands which were all absent in the solution. It is also to be 
noticed that there were no vapour bands on the less refrangible 
edges of the more refrangible band corresponding with the weak 
bands found in this region in the ortho- and meta-compounds. 
These bands, ranging from A 2438—a 2403 in the meta-compound, 
were much weaker than the bands ranging from A 2469—a 2439 in 
the ortho-compound. In the earlier investigation of the vapour of 
benzaldehyde (loc. cit.) at 30° and 799 mm. there was a wide band 
in this region, in which there was no appearance of any fine bands. 
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The band ranged from A 2455—A 2160. The vapour has’ been 
examined again at lower temperatures and 760 mm. pressure, and 
with a very small trace of the vapour in the tube to see if any 
weak bands had been missed. No such bands were observed, 
however, and the following notes describe the phenomena 
observed : 


At 18°. The rays were feebly absorbed between about A 2425 and the 
Cd line 2329 and then transmitted to A 2120. 

» 21°. The rays were feebly absorbed between A 2430 and Cd 2265 and 
then transmitted to A 2125. 

», 25°. The rays were absorbed between A 2440 to Cd 2220 and then trans- 
mitted to a 2125. 


Fic, 2. 
Oscillation frequencies. 


88 40 42 44 46 


30 jm. 
7/10 


30 mm. 
M/100 


739 wm. 
11/1000 


Relative thicknesses in mme 


—W 30 mm. 
17/10,000 


Logarithis of relative thicknesses in min. 


I. o- Tolualdehyde. 
II. m-Tolualdehyde (dash and dot line) 
Ill. p-7'olwaldehude. 


With regard to the general appearance of the vapour bands of 
the three isomerides, there appears to be some resemblance in the 
groups of bands the head of which in the ortho-compound is at 
\ 2986, in the meta-compound at A 2957, and in the para-compound 
at A 2847, although they differ in position. These stronger series 
of bands are not unlike the stronger bands of benzaldehyde at 
A 2894. A 2886, A 2850, and A 2840 (loc. cit.). No exact compari- 
sons, however, can be made in these directions until it is assured 
that the radiant energy passes through the same number of mole- 
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cules at the same temperature and pressure, and the experimental 
conditions of the vapours do not imply this. 

It is also to be noticed that the number of vapour bands in the 
three isomerides is less than that found in the vapour of benz- 


aldehyde. 


o-Tolualdehyde.—The solution bands (Fig. 2, I) are not unlike 
those of o-chlorobenzaldehyde and of benzaldehyde. 
The vapour of the substance in a 200 mm. tube showed the 


following phenomena: 


20° 
756 mm. 
A 
2930—2922 w. 
2894—2886 v.w. 


The rays were then 
transmitted to about 
A 2450; from here 


they were absorbed 
to about A 2340 and 
then transmitted to 
Cd 2144. 


25° 
780 mm. 

A 
2974—2966 v.w. 
2930—2918 mod.str. 
2895—2884 v.w. 

The rays were then fully 
absorbed from the Cd 
line 2880 to about 
A 2780 and then trans- 
mitted to about 
A 2480; beyond this 
the rays between 
A 2250 and A 2144 
were feebly visible. 


m-Tolualdehyde.-—The solution bands (Fig. 2, II) are not unlike 
those of the ortho-compound, but there is a slight difference in 


position. 


35° 
802 mm. 

A 
2974—2966 w. 
2930—2919 mod.str. 
2898—2885 w. 

The rays were then 
fairly well absorbed 
between A 2870 and 
A 2776 and then 
transmitted to A 2520. 


45° 
826 mm. 

A 
2977—2960 mod.str. 
2934—2917 os 
2902—2883 % 

The rays were then 
fairly well absorbed 
from A 2870 to A 2764 
and then transmit- 
ted to A 2520. 


60° 
856 mm. 
The rays were absorbed 
between A2980 and 
A 2630 and then trans- 
mitted to about A 2550. 


75° 
886 mm. 
A 
The rays were absorbed 
from A 3020. 


The vapour of the substance showed the following phenomena: 


15° 
745 mm. 
A 
2927—2918 w. 
2914 w. 


The rays were then 
transmitted to A 2430 
and then absorbed 
to Cd 2329, from 
where they were 
transmitted to a 2144. 


25° 
768 mm. 
A 
2927—2920 mod.str. 
2914 mod.w. 


The rays were then 
transmitted to about 
A 2470, then absorbed 
to Cd 2265, beyond 
which the Cd line 
2144 was well marked. 


35° 
790 mm. 
A 
2928—2918 mod.str. 
2914 mod.str. 


The rays were then 
transmitted to A 2500, 
and the Cd lines 2194, 
2144 were visible. 


The rays showed signs 
of weakening between 
A 2875 and A 2780. 


a 
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45° 60° 
815 mm. 845 mm. 
A A 
2928—2920 mod.str. 
2914 mod.str. 


75° 
875 mm. 
The rays were absorbed 
The rays were absorbed from A 2978; the Cd 
between A 2960 and line 2573 was visible. 


2900 v.w. A 2680 and_ thence 
2895—2890 v.w. transmitted to about 90° 
A 2540. 905 mm. 


The rays were fairly 
well absorbed _ be- 
tween A2875 and 
A 2780 and then trans- 
mitted to A 2510. 


The rays were absorbed 
from A 2980. 


p-Tolualdehyde—The solution curve (Fig. 2, III) is different 
from that of the ortho- and meta-compounds. There is a doubtful 
trace of a less refrangible band as indicated by the rapid extension 
in the rays between 1/2900 and 1/3150 (A 3445—a 3175), and 
the more refrangible band is much stronger and wider than the 
corresponding one of the other two isomerides. In this respect it 
is comparable with p»chlorobenzaldelyde. 

The vapour of the substance showed the following phenomena: 


15° 35° 60° 
745 mm. 790 mm. 845 mm. 
A A A 
2843 v.w. 2846—2843 mod.str. 2855—2843 mod.str. 
2833 w. 


2817 w. 


The rays were then 
transmitted to A 2480 
and absorbed between 
here and A 2340 and 
then transmitted to 
the Cd line 2144. 


25° 
768 mm. 
A 
2843 w. 


The rays were then 
transmittedto A 2500, 
absorbed to Cd 2329 
and then transmitted 
to A 2144. 


The vapours of the three isomeric tolualdehydes do not show a 
number of bands like those described in the three isomeric chloro- 
benzaldehydes. There are only a few somewhat diffuse bands, and 
these disappear at the high temperatures, when two large bands 
appear not unlike the solution bands and differ from them only in 


position. 


Salicylaldehyde.—The solution curve shows two large bands 
The less refrangible one is much wider.and stronger 


(Fig. 3, 1). 


The rays were then 
transmitted to A 2520; 
then absorbed to 
Cd 2194 and then 
weakly transmitted to 
A 2144. 


45° 
815 mm. 
A 
2854 w. 
2845—2843 mod.str. 
2833 w. 
2817 w. 


The rays were then trans- 
mitted to A 2560. 


The rays were weak be- 
tween A 2840 and the 
Cd line 2748; then 
weakly transmitted to 
A 2590. 


Ane?) 
75 
875 mm. 


The rays were absorbed 
from about A 2900. 


90° 
905 mm. 
The rays were absorbed 
from A 2960. 
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than the less refrangible band of either benzaldehyde or of the 
halogen and methyl derivatives, and there is a greater shift towards 


the red end. 


The vapour of the substance showed the following phenomena: 


qe 
770 mm. 
A 
The rays were trans- 
mitted to about 
A 2560, and then the 
following bands were 
seen. 


2554 w. 

2552 mod.w. 
| 2549 mod.str. 

2546 str. 


B 


of : 2538 w. 
2534 mod.w. 
2532 mod.str. 
" 2528 str. 
(: 2525 w. 
at 


2521 mod.str. 


2517 str. 

2514 v.str. 

2505—2502 wide & 
diff. 


2499—2496 __,, 
{ 2490—2484 __,, 


\ 2481 w. 
f 2476—2470 diff. 
\ 2467 
2459—2452 w. and 
diff. 
f 2447—2439 ,, 
\ 2437 w. 


The rays were then 
transmitted to A 2140. 


19° 
793 mm. 
A 
The rays were weak be- 
tween A 3300 and 
A 3100. 


f 2582 v.w. 

\ 2579 ,, 
2556 w. 

E 2551 mod.w. 

| 2549 str. 


Rays were then ab- 
sorbed from A 2535— 
A 2375 and then trans- 
mitted to A 2250. 


25° 
816 mm. 
A 


Rays almost completely 
absorbed between 
A 3400 and A 3050. 


{ 2582 v.w 
A\ 2579 ,, 
‘ 2556 
2551 
B, 2549 

| 2545 


Rays then absorbed 
from A 2535—a 2355, 
and then transmitted 
to A 2240. 


45° 
840 mm. 
A 


Rays absorbed between 
A 3420 and A 3000. 


f 2582 v.w. 
A\ 2579 ,, 


Rays then absorbed from 
A 2580; the Cd lines 
2313 and 2265 just 
visible. 


48) 


55 
865 mm. 


Rays absorbed between 
A 3500 and A 2920 and 
then transmitted to 
A 2600. 


75° 
895 mm. 


Rays completely  ab- 
sorbed from A 3550. 


At the lower temperatures and pressures the vapours showed a 


number of well-defined bands on the less refrangible edge of a 
large band on the more refrangible side. These bands were found 
in two different samples of salicylaldehyde which had been redis- 
tilled. The groups of bands A, B, C, and D are very similar in 
appearance, and the groups of bands beyond D show signs of 
division which are not sufficiently marked to measure the constitu- 
ents. At the higher temperatures and pressures these bands 
disappear, and the two large bands are then comparable with the 
solution bands. 

m-Hydrorybenzaldehyde.—The solution curve shows two bands 
(Fig. 3, II). They are comparable with those of the ortho-com- 


pound, except that there is some difference in position. 
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The vapour of the substance showed the following phenomena: 


88° 
764 mm. 

Rays absorbed between 
A 2462 and A 2457 and 
between A 2449 and 
a 2446, and then trans- 
mitted to A 2144. 


98° 
764 mm. 

Rays absorbed between 
A 2462 and A 2457 and 
between A 2452 and 
A 2446, and then trans- 
mitted to A 2150. 


108° 
764 mm. 

Rays fairly well ab- 
sorbed between A 2470 
and A 2350, and then 
transmitted to A 2170. 


118° 
764 mm. 

Rays absorbed between 
A 2485 and A 2330 and 
then transmitted to 
A 2200. 


128° 
764 mm. 

Rays fairly well ab- 
sorbed between A 3070 
and A 2940 and then 
transmitted to A 2500. 


138° 
764 mm. 
Rays well absorbed be- 
tween A 3090 and 
A 2900 and then trans- 
mitted to A 2510. 


158° 
764 mm. 


Rays absorbed between 
A 3100 and A 2800 and 


then transmitted to 
A 2510. 
168° 
764 mm. 
Rays absorbed from 
A 3150. 


The vapour showed two weak diffuse bands at the lower tem- 


peratures and pressures. 


Fic. 3. 


Oscillation frequencies. 


34 36 38 40 42 


These disappear at the higher tempera- 


41 46 


30 min. 
M/100 


430 mim. 
4/1000 


© 


30 mim. 
\ M/10,000 


élative thicknesses in mm. 


yp 


Viol | 


L 
Jd. 


Logarithms of relative thicknesses in mm. 


we 


I. Salicylaldehyde. 
Il. m-Hydroxybenzaldehyde (dash and dot line). 
IIL. p-Hydroxybenzaldehyde. 


tures and pressures, and two large bands take their place which are 


comparable with the solution bands. 
phenol and benzaldehyde (loc. cit.) have completely disappeared, 


All the vapour bands of 
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and there is no well-marked comparison with the narrow bands of 
salicylaldehyde. 

p-Hydrorybenzaldehyde.—The solution curve shows one large 
band (Fig. 3, III), which appears to take the place of the two 
solution bands of the ortho- and meta-compounds. 

The vapour of the substance showed the following phenomena: 


75° 5° 135° 
764 mm. 7 . 764 mm. 

Rays fairly well ab- aA 2855—a 2400 w. and A 2858—a 2838 str. and 
sorbed between A 2650 also absorbed between then completely ab- 
and A 2450 and then A 2690 and A 2330 and sorbed from A 2800. 
transmitted to A 2144. then transmitted to 

A 2190. 145° 
85° 764 mm. 
. 764 mm. 115° Rays absorbed from 

Rays feebly absorbed 764 mm. A 2870 
between A 2855 and A 2858—a 2838 mod.str. 

A 2845 and between and also between 155° 

A 2670 and A 2380 and A 2790 and A 2320 and 764 mm. 

then transmitted to then transmitted to Rays absorbed from 
A 2140. A 2190. A 2880. 


The vapour therefore showed a weak diffuse less refrangible band 
and a strong wide one. The weak band does not appear in the 
solution. It seems as if it were merged into the large wide one, and 
all the vapour bands of phenol and benzaldehyde have disappeared. 

The solution and vapour of anisaldehyde were also examined, and 
similar results were obtained to those of p-hydroxybenzaldehyde ; 
all the vapour bands of anisole and of benzaldehyde had disap- 
peared. The phenomena are, therefore, not described in detail. 
,m-, and p-Phthalaldehydes.—The comparative ease with which 
these substances are oxidised to the corresponding acids makes the 
investigation of their vapours difficult. In each case the absorp- 
tion tube was filled with nitrogen, so that the oxygen present as 
compared with the amount of substance must have been negligible. 
The vapours of the substances in a 200 mm. tube showed the 
following phenomena : 


o- 


0-Phthalaldehyde. 


Pressure 
in mm. 
760 Rays were transmitted to A 2170. 
760 The rays were transmitted to A 2200; but they were 
almost completely absorbed between A 2530 and A 2380. 
760 The rays were wholly absorbed between A 2560 and A 2340 
and then transmitted to A 2240. 
760 The rays showed some signs of weakening between A 2980 
and 2830 and were completely absorbed between A 2580 
and A 2320 and were then transmitted A 2250. 
760 The rays were fairly well absorbed between A 3020 and 
A 2810 and then transmitted to A 2600, from where there 
was complete absorption. 


The rays 
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80° 
762 mm. 
were ab- 
sorbed between A 2450 
and A 2330 and then 
transmitted to A 2250. 


90° 
762 mm. 


m-Phthalaldehyde. 


100° 
762 mm. 


Rays moderately ab- 


sorbed between 
A 2965 and A 2945 and 
then transmitted to 
A 2480. 


110° 
762 mm. 
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120° 
762 mm. 


Fair absorption between 


A 2970 and A2955 and - 
fairly well absorbed 
between A 2870 and 
A 2780 and then trans- 
mitted to A 2580. 


130° 


The rays were trans- 
mitted to A 2480. 762 mm. 


Fair absorption between 
Good absorption between 


A 2970 and A 2955 and 


also moderate absorp- 
tion between A 2870 
and A 2780 and then 
transmission tod 2500. 


A 2975 and A 2940 and 
between A2885 and 
A 2775, and then 
transmission to A 2600. 


p-Phthalaldehyde. 


86° 106° : 116° 
760 mm. 760 mm. 760 mm. 

Rays absorbed between Rays fairly well ab- Absorption between 
A 2600 and A 2350 and sorbed between A 3080 and A 2780 and 
then transmitted to A 3050 and A 3020 and then weak transmis- 
A 2130. also between A 2960 sion to A 2680. 

and a 2780 and then 
96° transmitted to A 2640. 126° 
760 mm. 760 mm. 


Rays feebly absorbed Complete absorption 
between A 3050 and from A 3100. 
A 3020 and strongly 
between A 2620 and 
A 2300 and then trans- 
mitted to A 2140. 


The vapour bands of benzaldehyde, therefore, all disappear in 
these three compounds, and the phenomena are not unlike the 
solution bands. 

The solution bands of the m- and p-compounds (Fig. 4, I and IT) 
show very similar phenomena to the m- and p-chlorobenzaldehydes 
and the m- and ptolualdehydes in that the m-compound has two 
bands, whereas the pcompound has one large more refrangible 
band and the less refrangible one practically disappears. 

Cuminaldehyde.—The solution curve (Fig. 5, I) shows two bands 
which are not unlike benzaldehyde or the isomeric o- and m-tolu- 
aldehydes ; ‘but there is a greater shift towards the red end. 

The vapour of the substance in a 200 mm. tube exhibited the 
following phenomena : 
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I. m-Phthalaldehyde (dash and dot line). 


II. p-Phthalaldehyde. 


III. Vanillin. 


Fic. 5. 


Oscillation frequencies. 
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M/1000 
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I. Cuminaldehyde (dash anu dot line). 
Il. Cinnamaldehyde. 
III. Benzoyl chloride. 


30 mm. 
7/100 


30 mm. 
M/1000 


30 mm. 
M/10,000 


Relative thicknesses in mm, 


Relative thicknesses in mm. 
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20 762 Rays were transmitted to A 2140. 

30 762 Rays were weak between about A 2500 and A 2370 and then 
transmitted to Cd 2144. 

45 762 Rays showed signs of weakness between A 3050 and A 2800 
and almost completely absorbed between A 2530 and 
A 2320 and then transmitted to Cd 2144. 

65 762 Rays almost completely absorbed between about A 3060 
and A 2780, and then transmitted to A 2560, but the Cd 

lines 2194 and 2144 were visible. 

70 762 Rays absorbed between A 3100 and A 2700 and then feebly 

transmitted to A 2600. 

80 762 Rays absorbed from A 3150. 

90 762 Rays absorbed from A 3250. 


The vapour shows no trace of any of the narrow vapour bands 
of benzaldehyde or of the bands of any of the compounds described 
above. The phenomena are comparable with the solution bands. 

Vanillin.—The solution curve (Fig. 4, III) shows traces of two 
bands at 1/A 3200 (A3120) and 1/A 3600 (A 2776), which rapidly 

fuse into one large band. Hartley (T., 1888, 53, 651) found one 
large strong band in catechol at 1/A 3660 (A 2730), and the two 
bands of benzaldehyde are at 1/A 3500 (A2855) and 1/A4080 
(A 2450). It appears as if there had been a fusion of these two 
» bands into one large band. 

The vapour of the substance in a 200 mm. tube showed the 
following phenomena: 


ji Pressure 
| ? inmm. 
90 770 The rays were weak between A 3010 and A 2990 and between 
A 2650 and A 2530 and then transmitted to A 2144. 

100 770 Rays fairly well absorbed between A 3010 and A 2990, weak 
between A 2940 and A 2850: and fairly well absorbed 
between A 2670 and A 2510 and then transmitted to 
A 2144. 

110 770 Rays well absorbed between A 3010 and A 2988, weak 

4 between A 2950 and A 2830, and well absorbed between 

i A 2700 and A 2510 and then transmitted to A 2180. 
120° 770 Rays well absorbed between A 3010 and A 2985, fairly well 
absorbed between A 2960 and A 2820, and completely 
absorbed between A 2720 and A 2450, and then trans- 
mitted to A 2250. 

130 770 Rays well absorbed between A 3030 and A 2800, and com- 
pletely absorbed between A 2730 and A 2400 and then 
transmitted to A 2270. 

140 770 Rays completely absorbed between A 3040 and A 2350 and 
then transmitted to A 2270. 

150 770 Rays absorbed between A 3050 and A 2330 and then trans- 
mitted to A 2290. 

160 770 Rays completely absorbed from A 3060. 


There were no traces of any of the vapour bands of benzaldehyde, 
and the six weak finer bands found in catechol (Purvis and 
McCleland, T., 1913, 108, 1088) have also disappeared. The vapour 
phenomena are wholly comparable with the solution phenomena. 

722 
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Benzaldoxime.—The solution curve (Fig. 6, I) shows two narrow 
bands at 1/A 3400 (A 2940) and at 1/3500 (A 2855). There is 
also some indication of a weak band between 1/A 3570 (A 2800) 
and 1/A 3640 (A2745). Beyond this there is a wide strong band. 
Hartley and Dobbie (T., 1900, 77, 509) describe this large band, 
but they have not described the presence of the two less refrang- 
ible narrow bands. They draw a rapid extension line between 
1/3650 and 1/d 3900 (A 2740—a 2560), which probably indicates 


these bands. 
Fie. 6. 
Oscillation frequencies. 
34 36 38 40 42 44 46 
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I. Benzaldoxime. 
II. Benzylidene chloride. 


The vapour of the substance in a 200 mm. tube showed the 
following phenomena : 


Pressure 

&. in mm. 

40 769 The rays showed signs of weakening between A2480 and 
A 2360 and were strongly transmitted to Cd 2144. 

45 769 The rays were absorbed between A 2530 and A 2360 and 
then transmitted to Cd 2144. 

50 769 The rays were absorbed between A 2550—\ 2321 and then 
weakly transmitted to A 2144, 

60 769 The rays were transmitted to A 2580. 

75 769 The rays were transmitted to A 2570, but they showed 
signs of weakening between about A 2820 and A 2780 and 
between A 2740 and A 2720. 

90 769 The rays were fairly well absorbed between A 2820 and 


A 2780, less well marked between 2740 and A 2720 and 
then weakly transmitted to A 2670, beyond which there 
was complete absorption. 


— 


as 
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i ee 
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That is to say, there were no series of fine bands comparable 
with those found in the vapour of benzaldehyde, and the vapour 
phenomena were comparable with the solution bands of benzald- 
oxime. It is important to notice the appearance of these narrow 
bands. They are not unlike several of the seven well-known benzene 
solution bands shifted towards the red end. It seems as if the 
elimination of the aldehydic oxygen in benzaldoxime had altered 
the oscillations producing absorption to such an extent that the 
benzene vibrations were partly restored. 

Benzylidene Chloride—The solution curve (Fig. 6, II) shows 
three narrow bands at 1/A 3650 (A 2740), 1/A3740 (A 2672) and 
1/3820 (A 2616), which gradually widen into each other. These 
three bands are not unlike the three solution bands of toluene, 
with which they have been compared, but the large strong band 
into which the three toluene bands coalesce is absent, and the 
three bands are shifted more towards the red. 

The vapour of the substance in a 200 mm. tube showed the 


following phenomena : 


Pressure 

&. in mm. 

30 752 The rays were a little weak between about A 2725 and A 2700 
and between A 2655 and A 2640 and then transmitted to 
A 2240. 

45 752 The rays were moderately well absorbed between A 2725 and 
A 2700, and fairly well between A 2655 and A 2640, and 
then transmitted to A 2260. 

60 752 The rays were well absorbed betweenda 2725 and A 2700, 
fairly well between A 2655 and A 2640, and there were weak 
indications of absorption between A 2600 and A 2575 ; the 
rays were then transmitted to A 2400. 

75 752 The rays were absorbed from the Cd line 2748. 


No series of fine bands were observed like those in the vapours 
of benzaldehyde or of toluene, and the weak narrow bands are 
comparable with the solution bands. 

Benzaldehyde Sodium Hydrogen Sulphite. — M/1000- and 
M/10,000-solutions of this substance were examined, and the type 
of absorption was exactly like that of benzaldehyde itself. That 
is to say, there were two bands similar in appearance to the two 
solution bands of benzaldehyde which have been described before 
(oc, cit.). As the curve is like that of benzaldehyde it has not 
been reproduced. The vapour of the substance could not be 
examined because of its easy decomposition. 

Mandelonitrile.—M /10-, M/100-, and M/1000-solutions of the 
substance were also examined. The bands were very like the 
solution bands of benzaldehyde, but they were perhaps not quite 
so strong. The vapour was not examined because of its easy 
decomposition. 
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Benzoyl Chloride——The solution curve (Fig. 5, III) shows that 
there is a weak band not unlike the solution band of benzoic acid 
described by Hartley and Huntington (Phil. Trans., 1879, 170, 
257), except that it was moved more towards the red end. The 
band is aiso not unlike the less refrangible band of benzaldehyde, 
but there is no appearance of the large benzaldehyde band found 
in the more refrangible regions. The easy decomposition of 
benzoyl chloride made a study of its vapour impossible. 

Cinnamaldehyde.—The absorption curve (Fig. 5, II) shows one 
large band which completely covers the area occupied by the two 
benzaldehyde bands. 

The vapour of the substance showed the following phenomena: 


30 767 The rays were transmitted to A 2144. 
45 837 The rays were almost completely absorbed between A 2750 
and A 2350 and then transmitted to A 2144. 
60 867 The rays were absorbed between A 2850 and A 2265 and then 
feebly transmitted to A 2194. 
75 897 The rays were completely absorbed from A 2900. 
90 927 The rays were completely absorbed from A 3000. 
The vapour shows no series of fine bands characteristic of the 
vapour of acraldehyde (Purvis and McCleland, T., 1913, 108, 433) 
or of those of benzaldehyde (loc. cit.). The single large band is 


comparable with the solution band. 


General Results. 


The chief results of the preceding observations are (1) that the 
vapours of the three chlorobenzaldehydes exhibit a considerable 
number of fine bands which are absent from the solutions, and fewer 
than those found in benzaldehyde vapour, and that the vapours of 
o- and m-chlorobenzaldehydes show some weak bands on the less 
refrangible edge of the second more refrangible band which are 
absent from the vapour of the pcompound and from the corre- 
sponding band of benzaldehyde; (2) that the vapours of the three 
tolualdehydes possess a few diffuse bands quite unlike those found 
in benzaldehyde and in the three chlorobenzaldehydes; (3) that the 
vapour of salicylaldehyde exhibits a number of fine bands on the 
less refrangible edge of the second and more refrangible large 
band which are different from the few weak bands in m-hydroxy- 
benzaldehyde and are absent in the vapour of phydroxybenz- 
aldehyde, and that all these bands disappear in the solutions and 
also in anisaldehyde; (4) that the vapours of the three phthal- 
aldehydes, of cuminaldehyde, and of vanillin show no fine bands 
like those of benzaldehyde, and that the phenomena are like the 
solution phenomena; (5) that the vapours of benzaldoxime and of 
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benzylidene chloride possess no finer vapour bands; the vapour 
phenomena and solution phenomena are similar, and indicate the 
presence of the residues of several benzene solution bands; (6) that 
solutions of benzaldehyde sodium hydrogen sulphite and of man- 
delonitrile show absorption bands similar to those of benzaldehyde, 
whereas solutions of benzoyl chloride possess a weak band not 
unlike that of benzoic acid; (7) that the vapour of cinnamaldehyde 
shows none of the characteristic bands of benzaldehyde or of 
acraldehyde, and that the phenomena are comparable with those of 
its solution ; (8) that the finer bands found in the vapours of various 
substances at low temperatures and pressures disappear at higher 
temperatures and pressures, and they are replaced by bands which 
are comparable with the solution bands; (9) that the isomeric 
compounds show differences amongst themselves both as vapours 
and in solution, and that the para-compounds exhibit the most 
marked differences from the ortho- and meta-compounds. 

In the author’s previous communications the absorption spectra 
of numerous organic substances have been discussed from a con- 
sideration that the fundamental vibrations of any simple substance 
exhibiting selective absorption are influenced by such different 
factors as the number, the mass, the intrinsic characters and the 
spatial relationships of the atoms of the molecule and its side- 
chains, and by the physical conditions as vapours or in solution. 
It was shown that the fine vapour bands of such substances as 
benzene, aniline, and phenol become fewer or disappear altogether 
and fuse into one large band by the introduction of various types 
of side-chains. The suggestion was made that the final result ot 
the vibrations which produce selective absorption depends on the 
interaction of various oscillatory centres; the selective absorption 
of iodobenzene or of nitrobenzene, for example, is different from 
that in chloro- or bromo-benzene (Purvis, T., 1911, 99, 811, 2318; 
Purvis and McCleland, T., 1913, 103, 1088). The results of the 
observations described in this communication confirm this sugges- 
tion. It réceives considerable support when benzaldoxime is con- 
sidered more closely. The vapour of benzaldehyde exhibits a con- 
siderable number of fine bands. These bands are absent in the 
oxime, and poth the vapour and the solution possess the residues 
of several benzene solution bands bordering on a strong band on 
its less refrangible side. It appears as if the elimination of the 
oxygen of the carbonyl group had enabled some portion of the 
vibrations of the original benzene ring to be recovered. In con- 
nexion with this line of argument it may be recalled that Hartley 
and Dobbie (T., 1900, 77, 318) found that solutions of acet- 
aldoxime and acetoxime had no selective absorption, whereas both 
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acetaldehyde and acetone possess strong absorption bands, and the 
paraffins themselves are quite transparent. Purvis and McCleland 
(T., 1912, 101, 1810) also proved that the solution band of chloral 
disappears in a solution of chloral hydrate. That different inter- 
acting groups do not act independently is also proved by the fact 
that benzylidene chloride possesses the remnants of three benzene 
(toluene) solution bands, and the absorption of benzoyl chloride 
is more like that of benzoic acid. Another argument is suggested 
by the comvlete absence from the vapour of cinnamaldehyde of 
the numerous vapour bands of benzene, benzaldehyde, and acralde- 
hyde. How far the presence of the unsaturated aliphatic group 
influences the final result is not yet clearly shown; but ethylene has 
no vapour bands in the ultra-violet regions which can be examined 
by ordinary photographic plates. 

It has also been previously pointed out that the physical condi- 
tions of the vibrating system influence the absorption very con- 
siderably. The substances which possess a considerable number 
of vapour bands show no such bands in solution. Their place is 
taken either by a single band or by a very few which are shifted 
more towards the red end. The vibrations of the solvent interfere 
with those of the dissolved substance, and the shift towards the 
red may be influenced by a damping frictional resistance. The end 
result is also the same when the narrow vapour bands coalesce into 
large strong bands, as in a homologous series where the molecular 
weight increases (Hartley, Phil. Trans., 1908, 208, 475; Purvis, 
T., 1910, 9'7, 692; Purvis and McCleland, T., 1912, 101, 1810; 
1913, 108, 433), or when the number of similar side-chains is 
increased (Purvis, T., 1913, 103, 1638, 2283) or as in iodobenzene 
and nitrobenzene when the introduction of a single atom of iodine 
or of a single nitro-group destroys all the numerous vapour bands 
of benzene, toluene, phenol, aniline, and aldehyde (loc. cit.). 

It is also to be noted that solutions of benzaldehyde sodium 
hydrogen sulphite and mandelonitrile show bands similar to those 
of benzaldehyde. These weak and unstable combinations do not 
essentially change the fundamental vibrations of solutions of 
benzaldehyde itself. 


I have again to thank the Government Grant Committee of the 
Royal Society for their assistance in partly defraying the cost of 
the research. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. 


HYDROGEN POTENTIALS OF MIXTURES OF ACETIC ACID, ETC. 2501 


CCXXXIII1.— Hydrogen Potentials of Mixtures of Acetic 
Acid and Sodium Acetate. 


By Grorce STANLEY WALPOLE. 


Mixtures of the type acetic acid-sodium acetate are largely used 
in certain connexions as “regulator mixtures” in the physico- 
chemical investigation of protein solutions. During their examina- 
tion for this purpose their extremely small diffusion potential 
against saturated potassium chloride was noticed, and the work was, 
therefore, repeated with a calibrated potentiometer, and every 
precaution to obtain as high an order of accuracy as possible. It 
is hoped that these ineasurements will provide the necessary experi- 
mental data for an investigation of the dissociation constant of 
acetic acid and the dissociation of sodium acetate by the energy 
method. Some of them have already been used as evidence in the 
discussion of the vexed question of neutral salt action by McBain 
and Coleman (this vol., p. 1528). The cells investigated were all 
of the type: 


acetic acid-sodium acetate 
(Pt) | He mixture 


saturated KCl | 0°10N-KCl, Hg,Cl, | Hg 


although the actual measurement was made in two stages performed 
immediately one after the other, as will be explained later. This 
device in practice was more convenient, and introduced no inaccu- 
racy into the result; rather an increased accuracy was secured 
thereby. 

Two series of mixtures were examined, namely, (1) acetic acid— 
sodium acetate mixtures in which the total “acetate” was 0°20, 
and (2) acetic acid-sodium acetate-sodium chloride mixtures in 
which the total ‘“ acetate” was 0°20, and the total sodium was 
0°20N. 

It will be seen at once that each solution of series 1 has a corre- 
sponding solution in series 2, which differs from it only in that it 
contains an amount of sodium chloride molecularly equivalent to 
the acetic acid present. 


EXPERIMENTAL. 


The N-acetic acid was standardised by titration (first trace of 
pink with phenolphthalein) against 0°20N-baryta, which: was itself 
immediately titrated against N-hydrochloric acid. 

The V-sodium acetate was made from material which showed no 
change of properties when an endeavour was made to purify it 
further by recrystallisation. Each sample gave in normal solution 
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a trace of colour with two drops of phenolphthalein solution. 
Samples of this sodium acetate deliberately made acid with acetic 
acid or alkaline with sodium hydroxide gave on repeated recrystal- 
lisation from the best “conductivity ” water available, normal solu- 
tions of the same properties. Another quantity prepared from pure 
sodium hydroxide and acetic acid free from higher homologous 
acids behaved in the same manner. /.M.¥. measurements against 
the 0°10N-calomel electrode gave 0°7635, and 0°7785, variations 
which are readily accounted for by 1 part in 5,000 of acetic acid 
or less. They cannot have any influence on these measuremerts. 

The solutions were first made up to have a refractive index 
1°34426 at 17°5° (forty-four scale divisions of Zeiss’s dipping 
refractometer), and then adjusted by an electrometric method 
devised during the course of this work. 

This is referred to in detail on p. 2517. On account of the ready 
applicability and accuracy of this method, the tedious and less 
accurate sodium determinations originally employed for the final 
standardisation were abandoned. 


A pparatus. 


The electromotive force measurements were made with a potentio- 
meter by Tinsley guaranteed to have a maximum error within 
1 in 10,000 at one volt. By means of a compensation arrangement 
embodied in the instrument measurements of less than 0°18 volt 
could be read to 0°1 millivolt and estimated to 0°01 millivolt. This 
could, in most cases, be read with precision, for the zero movement 
of the electrometer was banished entirely by the complete insulation 
of the standard cells, the accumulator and the potentiometer from 
each other, and the whole of the rest of the apparatus. Two 
cadmium Weston cells were used, one for rough and one for more 
accurate measurements. The latter at the beginning and at the 
end of the research was checked against one with a National 
Physical Laboratory certificate. Its reading on both occasions 
was 1°0183+0°0001 volt at 20°. In order to observe the movements 
of the mercury meniscus with precision a cover glass was cemented 
with Canada balsam to the glass capillary, and a combination of 
high magnifying power with a micrometer scale employed. 

All measurements were made at 18°. 


Hydrogen Electrode. 


The gas electrode used for the final measurements was of the 
Brislee type (Trans. Faraday Soc., 1905, 1, 66). <A film of 
platinum burnt into the surface of Jena-glass was blackened elec- 
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trolytically in the usual manner in a chloroplatinic acid solution 
containing a little lead acetate, and subsequently treated in accord- 
ance with Wilsmore’s recommendations. F.M.F. readings repro- 
ducible and constant to 0°1 millivolt could be readily obtained. 

In both series of solutions a preliminary exploration was made 
using an electrode of a simpler and more convenient type. This 
electrode depended on the principle discovered by Michaelis 
(Biochem. Zettsch., 1909, 18, 319) that a carefully cleaned and 
blackened platinum wire saturated with hydrogen and placed in a 
hydrogen atmosphere so as justto touch the surface of a solution 
comes into equilibrium with it immediately. The actual form used 
has been recently described (Biochem. J., 1914, 8, 131). 

It was found that the potentials so obtained differed seldom by 
more than 1 millivolt from those arrived at subsequently when the 
more elaborate and more accurate instrument was employed. The 
hydrogen purified in the usual manner and found to be free from 
arsenic passed through a Richardson wash flask containing some 
of the fluid under investigation before entering the hydrogen 


electrode vessel. 
Calomel Electrodes. 


Four 0°10N-calomel electrodes and four saturated electrodes were 
prepared at different dates prior to these determinations with the 
usual precautions. Of the eight calomel half electrodes one of 
the saturated electrodes (A) gave evidence of greater stability of 
H.M.F. than the other seven. 


Method of Working. 


Since the potential actually measured by the potentiometer is the 
sum of three potentiais, every endeavour was made by suitably 
devised independent measurements to arrange that these three 
potentials should be subject to independent examination and criti- 
cism. For that reason three sets of measurements were made. 


Measurements of E.M.F. between the 0°10N-Calomel Half-electrodes 
and the Saturated Half-electrode A. 


The saturated half-electrode A was chosen as a _ standard 
throughout all these measurements because previous experience 
had shown its stability. This can probably be attributed to the 
thick bed of crystals of potassium chloride which had settled down 
on the layer of calomel and to its nine months’ previous use. Its 
actual value, referred to the four 0°10-calomel electrodes prepared, 
was determined from time to time, and it was checked against one 
or other of them once or twice a day. There was no evidence that 
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it varied in value more than 0°10 millivolt in either direction during 
the course of these measurements. 


May 28. May 30. June 2. June 22. 

| a. See 0-08834 0-08845 0-08830 0-08836 
WEF hasisccxeces 0-08840 6-08860 0-08860 — 

Me sctnnatiniens 0-08875 0-08875 0-08870 0-08863 

OF ccntuseniece 0-08855 0-08856 0-08855 0-08865 

Mean value .... 0-08851 0-08859 0-08854 0:08853 


The #.M.F. of the cell made up of a theoretical 0°10N-calomel 
half-electrode connected to the individual saturated half-electrode 
(A) by means of potassium chloride solution saturated at 18° is 
therefore taken as 0°0885 volt between the dates May 30th and 
June 22nd, 1914. 

The differences in the electromotive forces given by the different 
0°10NV-calomel electrodes can only be attributed to the fact that they 
were made up at different times from different samples of mercury, 
mercurous chloride, and potassium chloride, the purity of which 
cannot have been absolute in some cases. The figures, although 
discordant, demonstrate fully that the 7.M.F. of the saturated 
half-electrode A was throughout these measurements constant. 
That the value 0°0885 is probably correct within 0°10 millivolt is 
suggested (1) by the measurement of the hydrogen potential of 
“standard acetate” (0°6046), which corresponds very closely with 
that of Sérensen and Koefoed, and Michaelis (0°6045), and (2) by 
the measurement of the same solution, to be described in a later 
paper, against a 0°10NV-calomel electrode of an improved and more 
accurate type made from specially purified materials (0°60445). 

In all the above measurements of “standard acetate” the 
Bjerrum extrapolation was applied in the usual way. 


Measurements of P, that is, the E.M.F.’s of the Cells made up of 
the Hydrogen Half-electrodes and the Saturated Half-electrode 
A, with Potassium chloride solution saturated at 18° as con- 
necting flurd. 


The patterns of hydrogen electrode used have already been 
described. The connecting fluid was in all cases saturated 
potassium chloride solution maintained at 18°. On account of the 
extraordinarily small contact potential between these acetate 
mixtures and saturated potassium chloride it was not necessary to 
take precautions to renew the boundary for,each observation even 
in the most accurate determinations. The correction for barometric 
pressure was applied. 
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Measurements of the Difference of Contact E.M.F. at the Boun- 
daries (“ Mixture” |1‘75N-Potassium Chloride) and (“ Mia- 
ture’ |3°5N-Potasstum Chloride) for each Acetic Acid—Acetate 
Mixture Examined. 


The side-tubes of two saturated electrodes (2B and 3B) placed 
adjacently in the same water-bath dipped into two small beakers, 
one containing 3°5/-potassium chloride and the other 1°75V-potass- 
ium chloride. These solutions were first bridged across with 
1:75N-potassium chloride solution in a glass tube. 

As the ceil is symmetrical, the /.1/./. should be zero. It was 
actually about 0°10 millivolt in the usual case. Then, instead of 
using 1°75/-potassium chloride to link across the 1°75N- and the 
3°5N-potassium chloride solutions, the liquid under examination 
was used, and the second #.M.F. reading taken. The difference of 
these two potentials (d), due regard being paid to algebraic sign, 
was then considered to be the diffusion potential of the solution in 
question against saturated potassium chloride solution. 

At this juncture some remarks may be made about the measure- 
ment, in two stages, of the cell indicated diagrammatically in the 
introduction of this paper. The circumstances which suggested this 
procedure, and the results in practice, tend to show that if anything 
the error of measurement was thereby reduced. It certainly was 
not increased. 

In the water-bath was a small vessel of saturated potassium 
chloride solution, and into it dipped the side-tubes of the saturated 
electrode A, a 0'10N-calomel electrode, and the hydrogen electrode 
containing the fluid under examination. At first three readings 
were always taken, that is, the hydrogen electrode against each 
calomel electrode in turn and the calomel electrodes against each 
other. In the case where the fluid in the hydrogen electrode has a 
low specific conductivity the first two measurements were fatiguing, 
and through any minute accidental electrical leakages of the 
apparatus correspondingly inaccurate. On the other hand, because 
of the low resistance of the resulting cell and the use of the multi- 
plying shunt in the potentiometer, the measurement of the two 
calomel electrodes against each other is always of a high order of 
accuracy. It was therefore quickly discovered that, on account of 
the accuracy of the potentiometer exceeding that of any measure- 
ment made with it, one of the three measurements was superfluous. 
The direct measurement of the hydrogen electrode potential against 
the 0°10V-calomel electrode was the one discarded because it was 
that involving the higher resistance ; the substitution of the indirect 
measurement, which in the case of good conducting fluids always 
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gave identical results, when the 0°10N-calomel electrode was cor- 
rected for its variation from the mean value of all the 0°10N-calomel 
electrodes, was preferred. Although in many cases the direct 
measurements against the 0°10N-calomel electrode were made with 
identical results, for the sake of uniformity and simplicity of 
explanation the results are expressed in the form here given. 


Difficulties in Diffusion Potential Measurements. 


Weyl (Diss., Karlsruhe, 1905), Lewis and Rupert (J. Amer. 
Chem. Soc., 1911, 38, 299), Cumming and Gilchrist (Trans. 
Faraday Soc., 1913, 9, 174), Bjerrum (Zeitsch. Klektrochem., 1911, 
17, 58), and others have shown that the difference of potential 
between the two sides at the boundary of two dissimilar electrolyte 
solutions depends on the amount of mixing at the boundary and 
the time for which the boundary has been formed. A convention 
seems to be established that in order to provide data for compara- 
tive measurements these potentials should be measured for a 
freshly prepared boundary in relation to which no special precau- 
tions have been taken to avoid mixing. 

The author has found, using the arrangement described on 
p. 2505, that #.M@.F. readings varying from 3°5 to 5°5 millivolt could 
be observed in a few minutes if the two vessels containing 1°75.V- 
potassium chloride and 3°5/-potassium chloride were linked up by 
means of a tube containing 0°10-hydrochloric acid. Considerable 
experiments with this arrangement only led to concordant and con- 
sistently reproducible results with 0°10N-hydrochlorice acid, when, 
instead of a connecting tube, two tapes were led down, one from 
each potassium chloride vessel to the opposite sides of a vessel 
containing 0°10N-hydrochloric acid placed at a lower level. It may 
be that this arrangement is the experimental realisation of the 
“ideal freshly prepared mixed boundary” of Cumming. As it 
happens, the diffusion potentials of the two series referred to in 
the introduction to this paper were so small that the values of d 
were the same whether glass tubes or tapes were used. On the 
other hand, some other solutions referred to later—an extension of 
series 2—gave values for d which could not be fixed with the same 
order of accuracy, and hence in these cases the values of d (see 
table III) are printed in italics. 


Expression of Results. 


It was desired to place on record two #.M.F.’s with regard to 
each solution examined : 
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(1) The #.M.F. (V) of the cell : 
Pt | H,, ‘solution ” | saturated KCl | 0°10N-KCI, Hg.Cl, | Hg 
(2) The #.M.F. (£) being the potential of the hypothetical cell : 
Pt | H,, “solution,” 0°10N-KCI, Hg,Cl, | Hg. 
from which the contact potential at the boundary of the “ solution” 
and 0°10N-potassium chloride has been eliminated by Bjerrum’s 
extrapolation method (Zeitsch. Elektrochem., 1911, 17, 389). 
A consideration of the cells indicated below will show at once 
that: 
VueP4+OOGSs . 2. 1 tt ew el ce 
EF=P+00885-d ....... (2) 
It is assumed that no difference of potential exists between any 
two of the three solutions: 1'75N-potassium chloride, 3°5-potass- 
ium chloride, and potassium chloride solution saturated at 18° 
(4:11), and that the small unknown difference of potential between 
0°10N-potassium chloride and any one of these solutions is a 
constant value x, a quantity which it will be seen cancels out in 
both equations above: 


W y’ -X 

(1) Pt | H,, ‘‘solution ” | saturated KCl, Hg,Cl, | Hg. #.1.F.=P. 
xX s -Y 

(2) Hg | Hg,Cl,, saturated KCl | 0°10N-KCl, Hg.Cl, | Hg. 2#.ILF.=f. 


> 


0 = J y 0 
(3) Hg | Hg,Cl,, saturated KCl | 3°5N-KCl | ‘‘solution ” | 1°75N-KC1 | 


oz 
satnrated KCl,Hg,Cl, | Hg. 2M. F.=d. 


W y 2 - Jj 

(4) Pt | H,, ‘‘solution” | 1°75N-KCl | 0°10N-KCI,H,C!,| Hg. AMF. =B. 
W y’ x -V 

(5) Pt | H,, “solution” | 3°50N-KCl | 0°10N-KCl,Hg.Cl, | Hg. #.d.F.=B’. 
W -VY 


(6) Pt | H,, ‘‘solution” | saturated KCl | 0°01N-KCI,Hg,Cl,| Hg. HILF.=V. 
(7) Pt | Hy, *solution,” 0°10N-KC1 | Hg.“l, | Hg (hypothetical cell). 2.ILF.=£. 


The #.M.F. (2) of the hypothetical cell No. 7 above, according 

to Bjerrum’s extrapolation method, is 2B/—B: 
E=2B'-B 
=W-—Y¥+2y'+2-y. 

Also from the equations above: 

—(P+f—-d)=W-Y+2%'+a-y; 
therefore H =P +f-—d, 
=P +0°0885 —d. 

That is to say, equations (1) and (2) hold, and the method of 
employing Bjerrum’s extrapolation method used in these measure- 
ments can differ in no way, in the actual result reached, from that 
of Sérensen and other workers. 
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Series I. 


Acetic Acid—Sodium Acetate Mixtures: Total “ Acetate” 
as 0°20 Normal. 


In order to prepare each solution » c.c. of N-acetic acid and 
(20—n) c.c. of N-sodium acetate were mixed and diluted to 100 c.c. 
Where n or (20—m) was small, suitable precautions were taken to 
measure the volumes accurately. A comparatively large volume of 
the normal solution was diluted ten- or one hundred-fold, and ten 
or one hundred times this volume taken. The results of the 
measurements of |’ and d for these solutions are given in table I. 
Figures in brackets are obtained by extrapolation on accurately 
squared paper. Where more than one measurement is given the 
results are from different preparations of NV-sodium acetate and 
N-acetic acid on different dates. The particular mixture 10 c.c. of 
N-acetic acid+10 c.c. of N-sodium acetate diluted to 100 c.c.— 
“standard acetate’—was measured whenever an electrode was 
re-blackened or new standard solutions were prepared. The con- 
sistent result (? + 0°0885) =0°6047, which when corrected for diffu- 
sion potential becomes 0°6046, is in good accord with the corrected 
result 0°6045, which is the result for the same mixture as deter- 
mined by Sérensen and Koefoed and by Michaelis. The frequent 
repetition of this determination was adopted as an additional safe- 
guard against the errors which are apt to enter into determinations 
of this kind. 

According to the theory of mass action applied to the feebly 
dissociated acetic acid the relationship 

(yg o-e 
all 
should hold; and it is interesting to examine over what range of 
ratios of acetic acid and sodium acetate the hydrogen potentials 
against the 0°10V-calomel electrode may be calculated. 

To do this the right hand expression of (3) is substituted into 

the well-known energy equation: 


ar, 1 

RUG oagts Mies so « s 0 

en + F og [A] (4) 

2977 1. ka 5 

= 0°3377—0-0577 log, (“* —— 
a 


For calculating a Kohlrausch’s conductivity measurements may 
be used, and 18°83°10-®* may be taken as the dissociation constant 
of acetic acid at 18°. Sdérensen’s value for e, at 18° has been 


* This is a purely arbitrary value chosen so that the calculated #.M.F. for 
‘* standard acetate ”’ will agree with the observed value. 
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adopted. The results calculated according to this equation are 
given in column 8 of table I. The difference between the observed 
values and the calculated values is given in the next column. It 
must not be considered that these are errors in potential deter- 
minations. Their theoretical significance is connected with those 
problems in connexion with which these measurements were under- 
taken. As a matter of interest it may be here recorded that in 
series I the values of #' for those solutions of composition between 


C. ©”. Ratio C/C’. [H°] Pi. E. 
0-0075N 0-1925 0-039 9-46 x 10-7 6-024 0-6844 
0-1940N 0-0060 32-3 6-28 x 10-4 3-202 0-5216 


may be calculated with an error not exceeding one millivolt from 
equation (4) above. 

In columns 10 and 11 are calculated, from the observed 7.M.F.’s 
corrected for diffusion potential, the hydrion concentrations and 
the hydrogen-ion coefficient (P+) on the basis ¢,=0°3377 and 
K =0°0577. 

With regard to the value of # for pure sodium acetate it has 
been calculated on the basis of 0°008 per cent. of hydrolysis (com- 
pare Walker, Zeitsch. physikal. Chem., 1900, 32, 138). The large 
difference between the experimentally determined values of # for 
the two samples of pure sodium acetate examined has been already 
discussed (p. 2502). The discrepancy between these determinations 
and the calculated value of # may be attributed to similar causes. 

At the other end of the series the divergence between the calcu- 
lated and observed values when the ratio C/C’ exceeds 32°3 may 
at once be attributed to the incorrectness of one of the original 
assumptions in this case. The total [Ac’] concentration in such 
solutions is no longer represented with sufficient approximation by 
aC’, 

The magnitude of the differences in column 9 of table I suggests 
the search for an expression which will represent still more accu- 
rately the relationship between the hydrion concentration [H"] and 
the composition of these acetic acid—sodium acetate mixtures. 

We may write first of all 

par] ~ MHA] 
[Ac] 

Instead of [HAc], the concentration of the undissociated acetic 
acid, may be substituted (C—[H']); and, as an attempt at express- 
ing [Ac’] in terms of a, C’, and [H"], the relationship 

[Ac’]=a/C’ + [H"] 
where a! is the value a applied, nov to C’ (the concentration of 
sodium acetate) as before, but, in accordance with Ostwald’s iso- 
hydric principle to the acetic-ion concentration [Ac’]. | 
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The completed formula is therefore 

‘ k,(C —[H°]) 
[H*]= J : “ts  » os oe 
Macy) Hon - +[1t ] 
The solution of this equation for [H*] does not give a simple 
expression, and, as [H"| is a small quantity, its occurrence in the 
numerator and denominator of this expression is more conveniently 
left undisturbed, and the calculation performed by the method of 
trial and error. 

In this way the value of [H*| is found, which, when substituted 
into the expression te (Ht I) -|H']) gives a result pracy 
which is equal to the value of » corresponding with a sodium acetate 
eo Dy in Kohlrausch’s tables. 

From the values of [H’] so calculated the values of EF are 
obtained by means of equation (4). 

Examination of equations (3) and (6) shows that when C’ =0 the 
former becomes indeterminate, but the latter simplifies to the 
equation : 


concentration of ( 


[H°]= Jka(C - H’) 


Taste II. 
H=observed 
E.M.F. Difference 
C= against decinormal between 
concentration electrodescorrected JH calculated calculated and 
of for diffusion by equations (6) observed 
acetic acid. potential. and (4) above. values. 

0-0025 0-7138 0-7132 +0-0006 
0-005 0-6961 0-6955 +0-0006 
0-0075 0-6853 0-6851 +0-0002 
0-01 0-6778 0-6776 +0.0002 
0-02 0-6593 0-6590 +0-0003 
0-03 0-6478 0-6475 +0-0003 
0-04 0-6393 0-6389 +0-0004 
0-05 0-6316 0-6318 — 0-0002 
0-06 0-6256 0-6256 0-0000 
0-08 0-6148 0-6148 0-0000 
0-10 0-6046 0.6050 — 0-0004 
0-12 0-5947 0-5953 —0-0006 
0-14 0-5841 0-5846 — 0-0005 
0-16 0-5712 0-5718 — 0-0006 
0-18 0-5525 0-5526 —0-0001 
0-185 0-5450 0-5455 —0-0005 
0-190 0-5348 0-5354 — 0-0006 
0-192 0-5290 0-5303 —0-0013 
0-194 0-5225 0-5240 —0-0015 
0-195 0-5193 0-5204 —0-0011 
0-196 0-5155 0-5163 —0-0008 
0-197 0-5105 0-5117 —0-0012 
0-198 0-5057 0-5062 —0-0005 
0-199 0-4995 0-5005 —0-0010 
0-200 0-4931 04943 —0-0012 
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which is the expression for the hydrion concentration of an acetic 
acid solution of concentration C. 

The results of using equations (4) and (6) for calculating the 
hydrogen potentials of acetic acid—sodium acetate mixtures against 
the 0°10¥-calomel electrode-are given in column 3 of table II. C’ is, 
of course, (0°20—C), and the values of k, (18°83 x 10-°), Kohl- 
rausch’s values for a, and the constants are taken as before. 

An expression based on the law of mass action has, therefore, 
been found, by which the #.M.F.’s of the “0°20N-total acetate” 
series of acetic acid-sodium acetate mixtures may be calculated 
accurately. The observed values for the series from C/C’/=, to 
C/C’=0°039 differed from the calculated values by a maximum of 
1°5 millivolt in a single instance. 

It is not possible at present to go yet further and investigate 
the significance of these differences and their gradual change of 
sign as we pass from one end of the series to the other, for the 
uncertainty of the dissociation of sodium acetate at different 
dilutions is greater than the calculated discrepancies. 


Sertes II. 


Acetic Acid—Sodium Acetate—Sodium Chioride Mixtures: Total 
Acetate 0°20 Normal, Total Sodium 0°20 Normal. 


Each solution was prepared by adding m c.c. of NV-hydrochloric 
acid to 20 c.c. of N-sodium acetate, and diluting the mixture to 
100 c.c. 

The results are given in table III, which, since it is arranged 
in a similar fashion to table I, needs little further explanation. In 
column 1 are given the values of m, and in columns 2, 3, 4, 5 the 
compositions of the resulting mixtures in terms of acetic acid, 
sodium acetate, sodium chloride, and hydrochloric acid. 

It will be shown later that some of these mixtures would give 
inaccurate results if prepared in this way. In the region of “20 c.c. 
V-hydrochloric acid+20 c.c. NW-sodium acetate” they were pre- 
pared by mixing N-acetic acid and N-sodium chloride with either 
V-hydrochloric acid or W-sodium acetate in the right propor- 
tions. The greatly increased accuracy of this method of procedure 
will be clear from the explanation on p. 2517. 

As a check on the purity of the reagents and the accuracy of their 
standardisation, not only this part of the series, but the whole of 
the determinations were repeated, from m=0'4 to m=22, three 
or four times with the solutions prepared in different manners 
from the various possible constituents, sodiim hydroxide, acetic 
acid, sodium acetate, hydrochloric acid, and sodium chloride. The 
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results were consistent to within a millivolt or two. With increasing 
experience the discrepancies between different 4.M.F. determina- 
tions with the same solution prepared from different materials 
became less. This coastant repetition was made possible by the 
use of the smaller and more rapidly working type of electrode. The 
main points were afterwards checked by the larger and more 
accurate electrode. The #.M.F. measurements at these points are 
in heavier type. They have been utilised by McBain (Joc. cit.) in 
support of his views on neutral salt action. He points out that 
of the 2°9 millivolt difference of hydrogen potential resulting from 
the addition of 0°20N-sodium chloride to 0°20N-acetic acid either 
1‘1 or 1°6 millivolts is accounted for on the principle’ of iso- 
hydrism, depending on the dissociation data assumed for hydro- 
chloric acid. This would leave a small but definite increase in 
acidity of 1°8 or 1°3 millivolts to be ascribed to an enhancement of 
the dissociation constant of acetic acid by the sodium chloride. 

At other points the series, although carefully examined, may have 
one or two errors up to +1°0 millivolt, and cannot claim the 
higher order of accuracy pertaining to series I, which was investi- 
gated later. Those results placed in italics were obtained at the 
commencement of this investigation, and, unfortunately, through 
lack of time, it was impossible to check them afterwards. They 
may possibly be incorrect by several millivolts. The diffusion 
potentials for these determinations are also open to suspicion. I 
have included them solely because it is of interest to trace the 
course of the curve complete from m=0 to m=40. 


Diagrammatic Representation of Results in Series I 
and ITI (Fig. 1). 


In Fig. 1 are shown two curves, of which the upper one expresses 
the relationship between the figures in columns 1 and 6 in table I. 
The curve connecting the calculated values in column 3 of table II 
and the values of C in column 1 of the same table lies so closely 
on this curve that in the reproduction it cannot be seen. The 
lower one expresses the relationship between the c.c.’s of WV-hydro- 
chloric acid (m) added to 20 c.c. of V-sodium acetate, the mixture 
subsequently being diluted to 100 c.c., and the fully corrected 
potential against the 0°10N-calomel electrode of a hydrogen elec- 
trode in equilibrium with the diluted solution (see table ITT). 


The Effect of Twenty-fold Dilution on the Hydrogen Potential 
of Solutions in Series I and IT, 


Except in the cases of pure sodium acetate and mixtures contain- 
ing only traces of acetic acid, the hydrogen potential of ali the 
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solutions dealt with in this paper increases with dilution. In 
Fig. 2 a curve is plotted demonstrating the relationship between 
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the change of #.M.F. on dilution and the composition of the 
mixture diluted. Within a fraction of a millivolt the right-hand 
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half of this curve serves for both series. As ordinates are plotted 
the change of #.M.F. on twenty-fold dilution, and, as abscisse, 
numbers representing, as in Fig. 1, the composition of the solutions 
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in question. Points A and B, representing the change of #.M.F., 
corrected for diffusion potential, on twenty-fold dilution, of 0°20N- 
acetic acid and “standard acetate” respectively, have been deter- 
mined with the highest possible accuracy, using special electrodes 
and a silica electrode vessel. These form part of a series of deter- 
minations to be published in a later paper. 

It will be seen that the rough statement that the hydrogen 
potential of acetic acid—acetate mixtures is independent of dilution 
holds rigidly for only one particular acetic acid—acetate mixture, 
and is, with the exception of solutions approximating in composi- 
tion to pure sodium acetate, more nearly correct for solutions that 
are more alkaline than those which are more acid than “standard 
acetate.” 


The Electrometric Standardisation of Sodium Acetate. 

If 20 c.c. of W-hydrochloric acid and 20 c.c. of N-sodium acetate 
are mixed, an error of 1 in 1000 in the relative strengths of the 
hydrochloric acid and sodium acetate solutions, or in the measure- 
ment of either, would produce an error of 0°94 millivolt in the 
potential reading of a hydrogen electrode in equilibrium with the 
solution. Now this mixture, if the measurement of the liquids is 
theoretically exact, is a solution which is 0°20NV with respect to 
both sodium chloride and acetic acid. In spite of its sensitiveness 
to strong acids, and the salts of strong bases and weak acids, it can 
be reproduced readily with great exactness from pure W-sodium 
chloride and N-acetic acid, and, moreover, since 

[H*]= JkafHAc]= /ka(C—[H"}), 

a slight error in the concentration of the acetic acid will have a 
still smaller effect on the hydrion concentration of the solution. 

These facts have been made the basis of the method employed 
to prepare V-sodium acetate solution. I have adopted the defini- 
tion: “ Normal sodium acetate solution is a solution of pure sodium 
acetate of such concentration that wken 20 c.c. are taken, mixed 
with 20 c.c. of W-hydrochloric acid, and diluted to 100 c.c., the 
potential of a hydrogen electrode in equilibrium with it is the same 
as that of a hydrogen electrode in equilibrium with a solution 
0°20 normal with respect to both acetic acid and sodium chloride.” 

To facilitate the preparation of normal sodium acetate in accord- 
ance with this definition a small part of the lower curve of 
Fig. 1 is reproduced in Fig. 3 on a different scale. The 2#.M.F. 
values have been taken, however, from column 6, and not column 8, 
and are therefore the direct results obtained against the decinormal 
electrode when the connecting fluid is saturated potassium chloride 
solution. The rapid change of #.M.F. with the composition of the 
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Fic. 3. 


———— 


22 21 20 19 18 


C.c. N-Hydrochlorie acid added to 20 c.c. 
of N-sodium acetate and diluted to 
100 c.c. 


solution in the neighbourhood 
of “20 ec, of N-hydrochloric 
acid +20 c.c. of WV-sodium ace- 
tate diluted to 100 c.c.” is at 
once apparent. The curve is 
here a straight line, and the 
correction for 1 per cent. error 
in adjustment of the two solu- 
tions is 9°4 millivolts. 

To illustrate the method em- 
ployed to determine the exact 
concentration of an approxi- 
mately normal sodium acetate 
solution an actual example may 
be given. 

Twenty cc. of M-hydro- 
chloric acid were mixed with 
20 c.c. of the sodium acetate 
solution to be standardised, 
and the mixture diluted to 100 
c.c. This diluted solution gave, 


in equilibrium with a hydro- 
gen electrode, 0°4800 volt 
against a 0°10N-calomel elec- 
trode. 

Referring to the curve, it is 
seen that the ratio 


(concentration of hydrochloric acid) 
(concentration of sodium acetate) 


is 20°20/20°00. Hence the 
concentration of the sodium 
acetate solution is O°9901N, 
and in use, whenever a certain 
volume, say, x c.c., of 1°000N- 
sodium acetate are required, 
there must be measured out 
z ¢c.c. of this solution, plus 
xz c.c. of the same solution 100 
times diluted. 

As consecutive differential 
measurements of this 7.M/.F. 


may be made readily, with certain accuracy to a fraction of a 
millivolt, this method of standardising sodium acetate solution 
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may be trusted to the extreme limits of precision of volumetric 
measurement as ordinarily applied. 

Throughout all the determinations in this work the normal 
standard acetate solution used was adjusted to an accuracy of 1 
in 1000 in accordance with the electrometric definition given above. 


The Preparation of “Standard Acetate” Solution. 


There are now available two methods of preparing “standard 
acetate.” 

(1) From N-sodium hydroxide solution free from carbon dioxide 
and N-acetic acid adjusted by a suitable titration (using phenol- 
phthalein), so as to be exactly equivalent to it. 

(2) From V-sodium acetate and J-acetic acid adjusted by a 
titraticn of a baryta solution (see p. 2501), the strength of which 
is known exactly in terms of the V-hydrochloric acid solution used 
to standardise electrometrically the normal solution of sodium 
acetate. 

As the accuracy of the hydrion concentration of the “standard 
acetate’ solution depends to a greater extent on the exact equiva- 
lence of the amounts of sodium acetate and acetic acid present 
than on their absolute amount, the relative accuracies with which 
N-hydrochloric acid and N-sodium hydroxide can be prepared is 
a question which does not enter into these considerations. There 
does not appear to be any evidence that either of the methods 
(1) or (2) above is the more accurate, although for the preparation 
of V-sodium acetate solution itself the second method is to be 
preferred. 

In table I it is seeu,that the mean of the hydrogen potential 
measurements for C=0°08 and C=0'12 is within a tenth of a 
millivolt of the same value for C=0°10, that is, “‘standard 
acetate.” In other words, the upper curve of Fig. 1, which repre- 
sents these measurements, is, between these points, a straight line. 
Also, it will be shown in a later paper that the change of this poten- 
tial resulting from a change of concentration of ‘standard acetate” 
solution in the ratio y is exactly log y/262°1 volts. Hence, if in an 
attempt to prepare “standard acetate”’’ one solution be measured 
with theoretical accuracy and be of exact normal strength, and the 
other be 2 per cent. incorrect either in its standardisation or in its 
measurement, the difference of hydrogen potential in volts between 
the resulting sodium acetate—acetic acid mixture and that of the 


true ‘“‘standard acetate” will be: 
x 1 100 + 4/2 
” (0: —0: + _— anngaetee Bh, 
= (0-6148 0°6046) + 2, log ( a 


The choice of algebraic sign, + or --, will depend on whether 
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the incorrectly measured solution is the sodium acetate or the 
acetic acid, and whether its strength is 2 per cent. greater than 
or « per cent. less than normal. In practice, however, the right- 
hand part of this expression may be ignored entirely, for even 
when z=6 its value only reaches 0°05 millivolt, and the statement 
made with all practical accuracy that an error of 1 per cent. made 
in the standardisation of either solution or its measurement will 
lead to an error of 0°51 millivolt in the hydrogen potential of the 
resultant ‘standard acetate,’ and the relationship between the 
percentage error in standardisation or measuring one of the solu- 
tions and the resultant potential error, is one of simple proportion. 

In view of these remarks it is the more easy to accept the 
convincing experience that with either of the two methods 
described it is possible to reproduce “standard acetate” with great 
accuracy. The most searching hydrogen potential measurements 
can barely detect with certainty differences between different pre- 
parations of this solution. On this account and because of its 
very small contact potential (which connotes a negligible “time 
change”) against potassium chloride solutions, Michaelis’s recom- 
mendation of it as the most suitable solution for checking the 
working of hydrogen electrodes can be confirmed. It should, of 
course, be remembered that the V-acetic acid solution and the acetic 
acid from which the V-sodium acetate solution is made must be of 
known purity. 

Summary. 

The contact 7.M.F. between acetic acid—sodium acetate mixtures 
and a potassium chloride solution is of the order of 0°10 millivolt. 
Hydrogen #.M.F. measurements, corrected for this small potential 
difference by Bjerrum’s extrapolation method, have been made of 
a series of these mixtures against the 0°10N-calomel electrode. 
With these have been compared the calculated results obtained by 
the well-known energy relationship and Fels’s original equation. By 
the introduction of three rational corrections to this equation, one 
of them based on the principle of isohydrism, calculated results 
have been obtained agreeing with those observed to within 1°5 milli- 
volt or less over the whole range from pure acetic acid to a mixture 
containing thirty-two times as much sodium acetate as acetic acid. 
The original equation is less accurate than the new equation for 
solutions containing much sodium acetate, and is grossly inaccurate 
for mixtures approximating to pure acetic acid in composition. 
For pure acetic acid Fels’s equation is indeterminate, whereas the 
new equation simplifies to the correct expression for the hydrion 
concentration of acetic acid in terms of its dissociation constant 
and its concentration. 


Pe 
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A second series identical with the first, excepting only that 
sodium chloride was present in concentration equal to the acetic 
acid, has also been examined. 

Determinations have also been made of the change of hydrogen 
potential of these series of solutions on twenty-fold dilution. The 
statement that the hydrogen potential of acetic acid—acetate mix- 
tures is independent of dilution holds rigidly for only one particular 
acetic acid—acetate mixture, and is, with the exception of solutions 
approximating in composition to pure sodium acetate, more nearly 
correct for solutions that are more alkaline than those which are 
more acid than “standard acetate.” 

An electrometric method of standardising sodium acetate capable 
of development to a high order of accuracy has been devised and 
described. Using this method, the hydrogen electrode ¥.M.F. of 
the ‘‘standard acetate” solution of Michaelis can certainly be 
reproduced to within +0°10 millivolt, and probably with even a 
higher order of accuracy. 


WELLCOME PuyYsIOLoGiCAL ResgEarncH LABORATORIES, 
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CCXXXIV.—The Effect of Dilution on the Hydrogen 
Potentials of Acetic Acid and ‘“ Standard Acetate” 
Solutions. 


By Greorce STanLEyY WALPOLE. 


THE measurements described in this paper form a continuation of 
the work already detailed in the preceding one. Several alterations 
were made in the technique and apparatus employed with a view 
to increase if possible the accuracy of the results, 

The potentiometer used was made by Tinsley, and had two dials. 
The first read 0°1 volt for each coil, and the second, acting as a 
vernier on the Thomson-Varley slide principle, read 0°01 volt for 
each coil. A light travelling contact of platinum, actuated from 
outside the instrument by a silk cord, pressed evenly on two 
similarly placed wires. One of these was the slide wire of the 
potentiometer. The other was a similar wire, to which the electro- 
meter was connected. All junction and thermo-electric effects were 
therefore neutralised. Three cm. of the slide wire corresponded with 
1 millivolt in the potentiometer reading without the use of a multi- 
plying shunt. The instrument was guaranteed correct to 1 in 
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100,000 at the reading 1 volt, and certainly contained no inaccuracy 
which could affect these measurements. 

The perfect insulation of the instrument in addition to the 
precaution of isolating all parts of the apparatus on paraffin 
banished the “zero movement” of the electrometer so completely 
that even with the powerful optical arrangement employed it could 
not be detected. On one or two damp days, however, a movement 
of the meniscus could be observed on opening the key short-circuit- 
ing the electrometer, and the work was, for that reason, temporarily 
suspended. 

The electrode vessel employed was entirely of silica, and was made 
specially for these determinations. It was of the conventional 


ees 


pattern, except that the side-tube connecting its contents with the 
saturated solution of potassium chloride was of wide bore (7°5 mm.) 
and carried a full-bore silica tap. This was essential in view of the 
low conductivity of some of the solutions to be examined. The 
electrodes themselves were made by blackening a film of platinum 
burnt on to the surface of the hardest Jena glass. In this way it 
was arranged that when once the solution was placed inside the 
electrode vessel it came into contact with nothing but platinum and 
silica. 

In erder to make an observation, the carefully prepared electrode, 
which had been standing in the experimental fluid, was transferred 
to the electrode vessel, which was filled to such an extent that the 
blackened platinum surface was completely covered. Hydrogen 


a 
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was passed through the fluid for twenty-five minutes, and then so 
much of the fluid forced out through the side-tube that only one 
third of the electrode remained immersed. After another five 
minutes, during which hydrogen was passed slowly, the stream of 
gas was stopped and a reading taken. It was demanded of every 
electrode employed that it should then give at once a potential 
constant to 0°05 millivolt for at least half an hour, and that another 
electrode should give within less than 0°10 millivolt the same 
reading when they were tested in the same well-conducting fluid of 
known stability of reaction, for example, ‘standard acetate.” 
Electrodes of the type used satisfying these conditions could be 
prepared with comparative ease. 

The Silica Syndicate of London, who made the silica vessel, 
kindly prepared some silica electrodes with platinum burnt on the 
surface, but these were not so successful. Possibly this was because 
it was impossible to lead the platinum film through the silica as 
had been done with the glass electrodes. They were therefore 
forced to make contact between the inside and the outside of the 
electrode by means of a fine metallic wire leading through the 
silica, thus sacrificing what would appear to be the cause of the 
superiority of these electrodes, namely, the uniform thinness of the 
layer of metallic platinum on which the platinum black is deposited. 

All hydrogen potential readings were corrected for barometric 
variation. If the barometer reading was z mm., then (760 —) 0°017 
millivolt was added to the potentiometer reading obtained, due 
attention being paid to the algebraic sign. This correction during 
these experiments never exceeded 0°15 millivolt, and was usually 
much less. 

The method of working was to determine all potentials against 
a special 0°10NV-calomel electrode G. In order to avoid any risk 
of variation in the potential of this electrode in use, the Wilsmore 
two-way tap device was employed, and the vessel clamped so firmly 
that the daily rinsing of the side-tube could be performed without 
mechanical shock or vibration. The copper wire leading into the 
mercury in the second side-tube was not disturbed at any time. The 
calomel and the 0°10N-potassium chloride solution in the electrode 
vessel were prepared with the usual precautions. The side-tubes 
from both this electrode and the hydrogen electrode dipped into a 
vessel containing 4°10V-potassium chloride. The water-bath contain- 
ing this vessel and the calomel electrode was kept at 18°+0°1° for 
several hours before any readings were taken and during the 
observations, so that the calomel electrode might be given every 
opportunity of giving an absolutely constant value. At first a satur- 
ated potassium chloride electrode (4) was used as a check on the 
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0°10¥-potassium chloride electrode G. This was useful in that it 
gave an accurate check on the correctness of the temperature of the 
bath. <A rise of 0°10° in the temperature of the two electrodes 
increases the difference of potential by 0°05 millivolt. 

Throughout these measurements the #.J/.F..of the cell 

(Pt) | H,, ‘‘ standard acetate solution” | saturated KCl | 0°10N-KCl, Hg,Cl, | Hg 
was repeatedly determined as a check on the “standard acetate,” 
the hydrogen electrodes themselves, and the 0°10-calomel elec- 
trode G. With hydrogen electrodes satisfying the conditions 
described, the value obtained was uniformly 0°6046+0°0001 volt, 
indicating that the calomel electrode G gave a constant potential, 
differing by perhaps 0°10 millivolt from the mean value given by 
the four control electrodes alluded to in the preceding paper. 

One factor contributed largely to the accuracy of these measure- 
ments, namely, the hot, dry weather experienced. This made 
possible excellent insulation of the whole of the electrical apparatus. 
On the other hand, before measuring out definite volumes of 
solution it was necessary to cool the solutions used to 15°. The 
bath was kept at 18° by means of a rotary pump driven by a 
turbine. This drew water from the bottom of the bath, and after 
passing it in turn through a lead coil immersed in ice and water, a 
heating spiral, and a toluene gas regulator, returned it to the 
top again. The stream was sufficient in volume to ensure efficient 
stirring of the bath. 

The JN-acetic acid solutions were prepared as described in the 
preceding paper. Both the first and last samples from the N-acetic 
acid bottle were titrated against a carefully guarded V-hydrochloric 
acid solution by means of 0°20NV-baryta with a discrepancy of only 
1 in 1000 between the two results. 

The N-sodium acetate solution was adjusted by the electrometric 
method previously described. The results of the experiments show 
that given pure sodium acetate and pure acetic acid, “standard 
acetate” solution may be readily produced with such accuracy 
that, in spite of its small diffusion potential and the consequent 
small time-change of that potential, no differences in composition 
of two samples can be detected by the most searching hydrogen 
potential measurements possible in the present state of our know- 
ledge. 

All solutions were made up with water of less than 5 gemmhos 
specific conductivity. For the great majority of these determina- 
tions the result would not have been affected if the highest grade 
“conductivity ” water had been used instead. 

The contact potential measurements were made by the method 
described in the preceding paper. 
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The Change of the Hydrogen Potential of Acetic Acid 
on Dilution. 
In the table below the results of these measurements are given. 


The first column contains the volume of solution in litres contain- 
ing 60°03 grams of acetic acid for each dilution examined. 


TaBie I. 
v=1/C,. E.M.F. d. (Z.M.F.—d),. ka 

4 0-49005 0-0003 0-48975 0-00000 21-7.10- 0-17.10~6 
5 0-49300 0-0002 0-49280 —0-00007 21-2.10-6 0-17.10-6 
10 0-50240 0-0002 0-50220 —0-00022 20-2.10-6 0-16.10-6 
20 0-51115 0-0001 0-51105 +0-00018 20-0.10-6 0-16.10-6 
25 0-51395 0-0001 0-51385 +0-00037 20-0.10-8 0-16.10 
40 0-52040 0-0001 0-52030 -+0-00019 19-2.10-6 0-15.10-8 
50 0-52350 0-0001 0-52340 -- 0-00007 18-9.10-6 0-14.10-8 
100 0-53282 0-0001 0°53273 0-00000 18-1.10-& 0-14.10-8 
400 0-55105 0-0001 0-55095 + 0-00028 17°8.10-6 0-14.10-6 
500 0-55430 0-0001 0-55420 0-00000 17-2.10-8 0-13.10-6 

1000 (0-56347) (17-0.10- *) 


The electromotive forces of the cells 
Pt | H,, acetie acid solution | 4*10N-KCl | 0°10V-KCl,Hg,Cl, | Hg 
are given in column 2. In column 3 are the diffusion potential 
differences (d) against 4°10N-potassium chloride solution. They 
were determined in the manner described, and although they are 
undoubtedly very small and their inaccuracy affects to no appreci- 
able extent the conclusions which can be drawn from these observa- 
tions, they resemble all other measurements of contact potential in 
that they cannot be accepted without a certain reservation. When 
the values of (#.M.F.—d), were plotted against log v on squared 
paper it was seen that they approximated very closely to a straight 
line. This line could be represented by the formula: 
log v — 0°60206 _ 
(LMF. —d), 048076” es ae 

In column 5 are given the quantities which would have to be 
added to the observed #.M.F.’s to obtain figures for (2.M.P.—d), 
satisfying equation (1). It is seen that with a maximum error of 
0°37 millivolt in one direction and 0°30 millivolt in the other, 
(4.M.F.—d), is a linear function of the logarithm of the dilution. 

Directly from the equation representing the equilibrium between 
acetic acid and the ions obtained by its dissociation, that is, 

H’+ Ac’ = HAc, 
we may, since it is a weak electrolyte, write 
[H"][Ac’]=4,|HAc] 


or 


_ _[H’} 
te= OTH] se 2 ee so 
VOL, CV. 8 B 
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where [H"*] and [Ac’] are respectively the hydrogen- and acetic-ion 
concentrations, [HAc] is the concentration of undissociated acetic 
acid, and C equals the total concentration of acetic acid. The 
values of [H’] can be calculated from the hydrogen potentials 
(Z.M.F.—d), given in table I, ¢,=0°3377, and the constant 0°0577, 
by the application of the well-known energy equation quoted in 
the preceding paper. Since C is known, the values of kg for 
different dilutions can be calculated. The results of calculations 
performed in this manner are given in column 6 of the same table. 

It is seen at once that a minute alteration in the value of the 
E.M.F. will correspond with a large change in the value of k,, the 
dissociation constant of acetic acid. In order to facilitate the 
examination of these results the alteration in the value of hk, 
obtained by altering the #.1/./. 0°10 millivolt is given in column 7. 
At this point it will be convenient to mention a discrepancy 
between these results and those of Loomis and Acree (Amer. Chem. 
J., 1911, 46, 585) with respect to the #.M.F. of acetic acid. As 
the mean of several concordant results, 0°4930 may be taken as 
their value against the 0°10V-calomel electrode for 0°25N-acetic 
acid, the connecting fluid being 4°10N-potassium chloride. This 
is 3 millivolts higher than the value found by the present author, 
and corresponds with a dissociation constant of 16°7 x 10-° if the 
same values for d and e, are taken as those used previously by the 
author. The acetic acid from which the solutions were made was 
found free from formic acid, and it is suggested that possibly 
Loomis and Acree’s sample contained traces of higher homologous 
acids, although in view of the care and high order of accuracy with 
which their measurements were made this attempt at explanation 
of the discrepancy is put forward with the greatest diffidence. 


The Change of Hydrogen Potential of “Standard Acetate” 
on Dilution. 


“Standard acetate” solution is a solution decinormal with 
respect to both acetic acid and sodium acetate. The results 
obtained, proceeding precisely as with acetic acid, are given in 
table II. 


TaB_eE II. 
vw=1/C. E.M.F. d. (#.M.F.—d). 2. 

5 60360 0-00015 60345 0-00000 

10 60460 0-00015 60445 0-00001 
25 60585 0-00010 60575 0-00037 
50 60683 0-00005 60678 0-00049 
62-5 60735 0-00000 60735 0-00028 
100 60798 0-00000 60798 0-00044 
200 60923 0-00000 60923 0-00033 
500 61100 0-00000 61100 0-00008 


1000 61223 0.00000 61223 0-00000 


ae na OE esd, 


SRV talons 
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In column 1 v represents, as before, the volume occupied by 
1 gram-molecule of acetic acid; columns 2, 3, and 4 contain data 
derived in the same way as in the table for dilutions of acetic 
acid alone. 

If the values of (#./.F.—d) are plotted against log v, a straight 
line does not result, but a curve, the nature of which may be judged 
from the figures in column 5. These were calculated from the 
formula : 


logv-log5 , a. _ a 
ee ees +0°60345 -(2.M.F.-d) . . . (7) 
and represent the 7#.4/.F.’s in volts which must be added to the 
E.M.F. observed, to obtain those values which would have been 
obtained if the function relating (7.M/./%.—d) and log v had been 
linear, and if the straight line passed through the observed points 
corresponding with v=5 and v=1000. 


Determination of the Dissociation Consiant of Acetie Acid at 
-Different Concentrations, in Terms of the dissociation of 
Sodium Acetate at the same concentration, and independently 
of the E.M.F. of any Auxiliary Electrode. 


From the #.M.F. of a hypothetical cell made up of two hydrogen 
electrodes immersed, one in an acetic acid solution and the other 
in an acetic acid—sodium acetate mixture, it is simple to calculate 
the value of /, in terms of a. This determination is independent 
of the #.M/.F. of any auxiliary half cell; the only assumptions are 
the Ostwald energy relationship involving the constants R, F, 7, 
and the law of mass action as applying to acetic acid. 

The values of (7.4/.F.—d), and (#.M.F.—d) in tables I and II 
preceding provide data for the #.M.F.’s of a number of these 
hypothetical cells. Any acetic acid solution of hydrogen electrode 
potential (7.M/.F.—d), may be considered linked, without contact 
potential, to any acetic acid—acetate mixture of hydrogen electrode 
potential (7./.F.—d) in table II. The #.M.F. of the cells so 
formed is (Z.M.F.—d)—(E.M.F.—d),, and may be written Z,. 

With reference to the data in table II we may write: 


al 


Y 
a 


(£.M.F. — d) = 0°3377 + 0°0577 log 


(8) 


for the solutions, being dilutions of “standard acetate,” contain 
acetic acid and sodium acetate in equal concentrations. Similarly, 
in table I: 


1 
(2.M.F. - d), = 0°3377 + 0:0577 log —— . . . (9). 
VhaCy 


8 B2 
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Choosing the data from each table so that for each cell considered 


E.M.F. —d) -(#.M.F. -—d), = £,=9°0577 1 
)-( = 11 log 


or 


E, 
log ey = 2( , eo 
og ka og aC — slog C- 00577 (10) 
Equations 8 and 9 above, however, are not as accurate as it is 
possible to make them, although if they are improved /, is no 
longer absolutely independent of the value of €,. The more accurate 
equations are (see preceding paper) : 
aC +[H"] 
&£.M.F. — d) =0°3377 + 0:0577 log—-—_*—_4_ 
( )= ka(C - [H }) 
1 


(£.M.F. - d), =0°3377 + 00577 log —___~__ 
Jha(C -|H"),) 


and in the special case where C =C,, 
— (11) 
E,=0°0577 log = (a) ) .. ./ka(O —[H],) . ; 


Now [H’] and [H’], are po sok small quantities, and, as 
they are placed in this equation, an error in their determination 
resulting from a possible incorrectness of €, will be without effect, 
so we may substitute the actual values of [H"] and [H’], calculated 
in the ordinary way into this equation, and still regard it as a 
determination of k, in terms of a, at the same value of v, indepen- 
dent of the exactness of the value of €,. 

The values of kg obtained, using equation (11), Kohlrausch’s con- 
ductivity data, as before, (u, = 76°8), and the data from tables I 
and II, are given below: 


v. | = ka (Jones). 

5 17-0.10-8 17-3.10-6 

10 18-4.10-6 18-2.10-6 
25 18-8.10-6 18-5.10-® 
50 19-9.10-6 18-4.10-6 
100 20-8.10-6 18-3.10-° 
500 19-0.10-6 18-0.10-6 
1000 18-4.10-§ 18-0.10- 


For comparison, the latest values for the dissociation constant of 
acetic acid by the conductivity method have been placed in the last 
column (Jones, Reports Carnegie Institution, No. 170). 


Summary. 


The relationship between the hydrogen potential of acetic acid 
and the logarithm of its dilution is strictly linear. Assuming that 


pages 
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the energy relationship holds, and that the law of mass action 
applies to acetic acid, and taking as data the constants at present 
accepted, the dissociation constant of acetic acid would appear to 
fall steadily with dilution. 

Determinations of the dissociation constant of acetic acid in terms 
of the dissociation of sodium acetate have been made by hydrogen 
potential measurements, in which the accurate knowledge of the 
#.M.F. of. no subsiduary half electrode is involved. The figures 
taken for the dissociation of sodium acetate were calculated in the 
usual way from Kohlrausch’s conductivity measurements. Assum- 
ing that they are correct, the values of the dissociation constant 
of acetic acid obtained in this way show a rise and a subsequent 
fall with dilution. The same rise and fall has been observed by 
Jones to a less marked extent in the values of k, obtained by the 
conductivity method. 

In exactly what direction the results obtained in this and the 
preceding paper can be applied to qualify the present generalisa- 
tions with regard to the properties of electrolytes in solution is 
not at once evident. It would appear that the accuracy of the 
measurements is sufficiently high to make possible an attempt at 
the analysis of the discrepancies observed when the data for the 
dissociation of sodium acetate are more firmly established. Taking 
into account the magnification of the errors of observation in these 
calculations of k, it is certain that the difficulties of providing 
sufficiently accurate data will disappear only when a higher order 
of accuracy is reached than is at present possible. 

The hydrogen potertial of “standard acetate” against the 
0'10N-calomel electrode has been redetermined. The result 
obtained is 0°6046 volt with saturated potassium chloride solution 
interposed between the two halves of the cell; corrected for contact 
potential it is 0°6045 volt. 


I wish to express my obligations to Prof. S. P. L. Sérensen for 
his helpful suggestions. 


WELLCOME PayYsIOLOGIVAL RESEARCH LABORATORIES, 
HERNE Hitt, Lonpon, S.E. 


2530 BAKER AND WATSON: 


CCXXXV.—The Atomic Weight of Mercury. 
By HERBERT BRERETON BakeR and WALTER HENRY WATSON. 


Recent determinations of the atomic weight of mercury carried 
out by Easley and by Easley and Brann (J. Amer. Chem. Soc., 
1909, 31, 1207; 1910, 32, 117; 1912, 34, 137) by the analysis of 
mercuric chloride and bromide gave as the result of three very 
concordant series of experiments the value Hg=200°63, and this 
figure, rounded off to 200°6, appeared in the International Table 
of Atomic Weights for 1912. This value is considerably higher 
than that previously given, namely, Hg=200, a value which is 
very nearly the mean of all the earlier published determinations. 
The latter, however, varied between such wide limits as 199°8 
(Hardin) and 200°52 (Erdmann and Marchand), so that there 
would appear to have been much uncertainty as to the exact value 
of the constant in question. 

It therefore seemed desirable to the authors to redetermine this 
atomic weight by a method as different as possible from those 
hitherto employed. The method adopted consists in the synthesis 
of mercuric bromide by the direct action of liquid bromine on the 
metal, the excess of halogen being removed by a current of pure 
dry air. It was found, however, impossible to remove the bromine 
completely at a temperature below that at which volatilisation of 
the mercuric bromide became apparent. The amount of adsorbed 
bromine remaining after heating for one to two hours to 70-—80° 
was therefore subsequently expelled, after weighing the product, 
and separately determined. In no case did this amount to more 
than 0°006 per cent. of the product, so that a relatively large error 
in its determination would not seriously affect the final result. 
Values for the atomic weight of mercury varying from 200°50 to 
200°62 were obtained, and as a mean of nine experiments the value 
Hg =200°57 was deduced. 

This result differs little from those of Easley and Brann, 
obtained by methods differing widely from that of the authors. 
If, however; traces of mercuric bromide had been lost by volatilisa- 
tion, which seems improbable in view of the precautions taken, then 
the calculated value of the atomic weight would be too high. This 
point is of interest in view of the fact that while our experiments 
were in progress a study of the composition of mercuric oxide was 
published by Taylor and Hullet (7. physical Chem., 1913, 17, 755). 
As a result of their experiments, these authors deduce the value 
Hg = 200°37 + 0°025, and suggest the need for a further determina- 
tion of the atomic weight of mercury. 
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It is proposed to carry out a further series of determinations 
on the lines described in this paper, the excess of bromine being, 
however, removed in a vacuum at the ordinary temperature. A 
preliminary trial has shown that all but traces can be so removed, 
and the possibility of weighable amounts of mercuric bromide 
vapour being lost would thus be avoided. 


EXPERIMENTAL. 
Preparation of Pure Bromine. 


This was made from recrystallised potassium bromide by the 
method described by Scott (T., 1913, 103, 847). The product 
was left for two days over pure quicklime, and then twice distilled 
in an apparatus constructed entirely of Jena glass, the first and 
last portions of the distillate being rejected. A portion of the 
bromine used was from a quantity kindly supplied by Dr. Scott. 


Preparation of Pure Mercury. 


Mercuric chloride was recrystallised first from pure alcohol and 
then from water. An aqueous solution of the purified salt was 
then added slowly to excess of a solution (1:10) of sodium hydr- 
oxide kept boiling in a large porcelain dish, the ebullition being 
subsequently continued for about five minutes. The precipitated 
oxide was collected, washed free from soluble chlorides, and dried. 
The product was then decomposed by heating in a hard glass tube, 
and the resulting mercury collected. The metal was purified by 
shaking vigorously for five minutes with dilute nitric acid (5 per 
cent.), washing well, and then distilling five times under a pressure 
of about 15 mm. in an apparatus of Jena glass (Fig. 1). Except 
in the last case the distillation was stopped while still a few c.c. 
remained behind, In the last distillation the mercury completely 
volatilised without leaving any residue whatever. 


Synthesis of Mercuric Bromide. 


Two forms of apparatus were used. In certain experiments the 
apparatus used by one of us for the synthesis of telluric bromide 
(Baker and Bennett, T., 1907, 91, 1857) was employed, whilst in 
the remaining experiments a modified, somewhat simpler form 
(Fig. 2) was used. In all cases a similar piece of apparatus was 
used as a counterpoise, and during an experiment both pieces were, 
as far as possible, treated in exactly the same way. 

Mercury was weighed into the bulb of the apparatus and covered 
with bromine. Action was started by gently shaking the two 
together, and the apparatus left for half an hour. In no case 
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was the temperature allowed to rise sufficiently to cause escape of 
bromine vapour from the apparatus. More bromine was then 
added, and the apparatus left, stoppered, at room temperature for 
forty-eight hours or longer. Excess of bromine was then removed 
by a current of air previously passed through a tube packed with 
glass wool, then over pieces of potassium hydroxide, and finally 
through a spiral tube filled with concentrated sulphuric acid. When 
most of the bromine had been removed, the temperature of the 
lower vart of the apparatus was gradually raised in an air-bath to 
70—80°, and maintained at that temperature for two hours. The 
upper part of the apparatus through which the air escaped was 
outside the air-bath, and did not become heated above 25—30°, but 
no sublimation of mercury bromide was ever observed on this part. 


Fie. 1. Fic. 2. 


(m 


~ Jo Col, tube .* 


$ hawt pump 


The apparatus and mercury bromide were then weighed. In several 
experiments more bromine was then added, and after twelve hours 
the above-described treatment repeated, but the change in weight 
never exceeded a few tenths of a milligram, and was in all proba- 
bility due to a change in the amount of adsorbed bromine, In 
all cases the product had a slight pink tint due to free bromine, 
which could only be removed by prolonged heating to a much 
higher temperature in a current of air or by fusion. As loss of 
mercuric bromide by volatilisation was to be feared in this case, 
the amount of-adsorbed bromine, after drying the product at 70°, 
was determined by slowly heating the bromide to fusion in a 
current of purified air, which then passed through a solution of 
potassium iodide. The heating was continued until no further 
liberation of iodine occurred. The amount of iodine set free was 
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determined by titration with a W/100-solution of thiosulphate, 
and never corresponded with more than 0°5 milligram of bromine. 

The mercury bromide fused to a clear, slightly yellow liquid, 
which, when cold, formed a white, crystalline mass, completely 
soluble in alcohol or hot water. The conversion of the mercury into 
mercuric bromide appears, therefore, to be complete under the 
conditions of experiment. 


Wetghings. 


In experiments 1—4 a long-beam Oertling balance was used, and 
in experiments 5—10 the weighings were made on a short-beam 
Bunge balance. In both cases the sensibility of the balances was 
adjusted so that an excess of 0°1 milligram produced a deflexion 
of 4—5 scaledivisions. Before weighing, the apparatus and its 
counterpoise were wiped clean with an old silk handkerchief, and 
left for several hours in a desiccator containing solid potassium 
hydroxide. They were then transferred to the balance without 
touching with the fingers, and left for at least an hour before taking 
the final weighing. The balance cases also contained vessels filled 
with solid potassium hydroxide. 

All the weights given in columns 2 and 3 of the following table 
have been reduced to vacuum standard by means of the following 
corrections : 


—0°000054 gram per gram of mercury. 


+0°000065 se, i », mercuric bromide. 
Wt. of At. Wt. 
No. Wt. of product Wt. of Wt. of of Hg. 
of mercury (HgBr,) adsorbed combined (Br= 
expt. taken. obtained. bromine. bromine. 79-92). 
1 4-88190 8-77310 “(0-00036) 3-89084 200-56 
2 6-74796 12-12698 #“(0-00052) 5-37850 200-54 
3 4-79430 8-61672 0-00032 3-82210 200-50 
4 4-52480 8-13076 ~ 0-00028 3-60568 200-58 
5 4-78892 8-60584 0-00050 3-81642 200-57 
6 5-52880 9-93452 0-00046 4-40526 200-61 
7 4-40148 7-90926 0-00040 3-50738 200-59 
8 3-31404 not completed. 

9 4-52338 8-12829 0-00035 3-60456 200-58 
10 544704 9-78723 0-00040 4-33980 200-62 


Mean value (9 experiments).—Hg = 200-57 +0-008. 

(a) In Expts, 1 and 2 an attempt was made to determine the 
occluded bromine by dissolving the product in a solution of 
potassium iodide, but the results were unsatisfactory. The figures 
given in brackets were therefore calculated on the basis of those 
obtained in the later experiments. 


IMPERIAL COLLEGE OF NortHERN PoLyTecHNIc INSTITUTE, 
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CCXXXVI.— Adiabatic and Isothermal Compressibilities 
of LInquids between One and Two Atmospheres’ 


Pressure. 
By DanieL TyRER. 
Tue present paper constitutes an extension of a previous one (T., 
1913, 103, 1675) on the compressibility of liquids, in which a new 
and precise method for the determination of compressibilities at 
low pressures was described. 

Since the publication of the previous results, it was discoyered 
that a small correction to the observed values had been overlooked. 
This was due to neglecting the small change in pressure on the 
liquid caused by the change of level of the liquid in the vertical 
capillary tube (see the previous paper). Although this pressure is 
very small compared with the total external pressure change, it 
introduces a correction greater than the general experimental error, 
and must therefore be taken into account. Fortunately, this 
correction can be accurately calculated from the observed data, 
and, on the average, causes the results to be raised by about 0°5 
per cent. All the previously obtained results have accordingly 
been corrected, and the corrected values are contained in the tables 
in this paper. The necessity of this correction is to be regarded 
as a disadvantage of the piezometer. It has also been noticed that 
for rather viscous liquids, such as aniline, the capillary tube 
requires a long time to drain, and for easily vaporised liquids, 
such as ether, slight errors are introduced by the evaporation of 
a little liquid in the capillary tube during an experiment. To 
avoid these disadvantages and sources of error, the piezometer was 
modified, as is fully described below. In order to test the accuracy 
of the previous results (corrected as explained above), a few of 
the determinations were repeated, in each case with the new piezo- 
meter. As will be seen from ihe following tables, the differences 
between the old and new results are, in general, very small, which 
gives considerable confidence in the validity and precision of the 
method. 

In order to determine the isothermal compressibility from the 
adiabatic value, use is made of the following thermodynamic 
equation : 


B=a+ 


where B and a are the isothermal and adiabatic compressibilities 
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respectively, v the specific volume, J the mechanical equivalent of 
heat, Cy, the specific heat at constant pressure, and 7 is the 
absolute temperature. 

In the previous work, in order to obtain values of dv/dt and of 
Cy, the results of other investigators were relied on. In the case 
of Cy, errors, even moderately large, have a comparatively small 
effect on the accuracy of 8, but in the case of du/dt the effect of 
errors is considerable. It was found that in many cases the values 
of dv/dt which had been calculated from the specific-volume data 
of various investigators contained considerable errors, and it was 
therefore necessary to make a series of accurate specific-volume 
determinations for each liquid, from which accurate values of 
dv/dt could be calculated. The practical part of the work is 
therefore divided into two parts, namely, the determination of 
adiabatic compressibilities at different temperatures and the deter- 
mination of specific volumes. 


Apparatus: The New Form of Piezometer. 


The construction of the piezometer can best be understood by 
referring to the diagram. The liquid to be investigated is con- 
tained in the inner vessel, A, of ordinary soda-glass, filled com- 
pletely up to and between the two taps, 7’ and 7',, and the mercury 
thread in the horizontal capillary tube, B. The two tubes C and 
D are attached by stout rubber tubing to a small air-pump and 
manometer. On increasing the pressure, the mercury thread is 
depressed in the graduated tube, B. When the temperature is 
constant, the pressure is released, and the change in position of 
the mercury thread in B is noted. The filling of the piezometer 
is effected by first exhausting it of air, by attaching the side-tube 
E to a strong pump, and then allowing the liquid to enter through 
the tap 7. When almost filled, the capillary tube B is dried, the 
mercury thread allowed to enter, and then the last few c.c. of air 
expelled from the apparatus by warming. It is emptied by invert- 
ing the instrument and attaching the tube E to a suitable ex- 
hausted receptacle. 

For further details of the rest of apparatus, and the manner of 
working, the previous paper must be consulted. No correction 
beyond that of the compressibility of the glass is necessary. For 
the compressibility of the glass, the result of Amagat (2°18 x 10-§) 
has been taken as correct. 

The volume of the piezometer used was about 450 c.c., and the 
diameter of the graduated capillary tube depended on the com- 
pressibility of the liquid in the apparatus, but was such as to give 
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a change of reading of about 6 to 10 cm. for a pressure change of 
about one atmosphere. 

The average error of the adiabatic compressibility determinations 
does not appear to be greater than 0°1 per cent. Probably the 
greatest constant error lies in the correction for the compressibility 
of the glass, but this must be comparatively small, for it was shown 
in the previous communication that results obtained with a copper 
piezometer, which requires a much smailer correction than glass, 


ein 3 | 


are in good agreement with the results obtained with a glass 
piezometer. 


Determination of Values of dv/dt. 


In order to be able to calculate accurate values for the function 
dv|dt, very accurate specific-volume data—carried out to the fifth 
decimal place at least—are necessary. The dilatometer is not 
capable of giving such a degree of accuracy, and hence the longer 
method of the pyknometer had to be used. The ordinary Sprengel 
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form of pyknometer is liable to considerable error for volatile 
liquids, owing to evaporation in the two capillary tubes, and for 
viscous liquids there is always an appreciable quantity of liquid 
which clings to the sides of the unfilled part of the capillary tube. 
A new form of pyknometer was therefore devised which has only 
one capillary tube instead of two. On the capillary tube is etched 
a fine mark, and tho open end is widened out and provided with 
a ground-glass stopper. The instrument had an approximate 
volume of 70 c.c. The empty part of the instrument above the 
mark on the capillary tube can be thoroughly freed of adhering 
liquid. The filling and emptying of the pyknometer is effected by 
attaching to it a small dropping funnel provided with a side-tube 
and tap, through which the instrument is exhausted. The liquid 
is then run in, and fills the pyknometer completely. The liquid 
does not come into contact with any rubber connexions during the 
filling, and is always kept in contact with dry air only. The fill- 
ing under exhaustion also serves to free the liquid from dissolved 
air. 

As the capillary stem of the instrument may be made to any 
degree of fineness, the adjustment of the volume may be made to 
a very superlative degree of accuracy. The weighing of the pykno- 
meter was made to 0°1 milligram, and all weights were reduced to 
a vacuum. The thermostat used consisted of a large 40-litre water- 
bath provided with a motor-driven stirrer and a thermoregulator ; 
the temperature remained constant to less than 0°01°. It may be 
said, therefore, that practically all error lay in the temperature 
reading. For this purpose, a series of finely graduated thermo- 
meters was used, capable of being read with accuracy to less than 
0°01°, which had been standardised by comparison with the normal 
hydrogen thermometer. In addition, they were compared with 
another set of thermometers, and the fixed points (melting and 
boiling points) were tested, and the melting point of sodium 
sulphate (Na.SO,,10H,O, 32°38°: Richards and Wells, Zeztsch. 
phystkal. Chem., 1890, 26, 690) was carefully determined. At no 
point was the correction greater than 0°02°. The error of tempera- 
ture readings was probably not, on the average, greater than 001°. 

Now for liquids the value of dv/dt of which is less than 0°001, 
an error in the temperature reading of 0°01° causes an error in the 
specific volume for a liquid of average density which affects the 
sixth decimal place only. Hence it is reasonable and logical to 
calculate the specific volumes to six decimal places. At the higher 
temperatures the degree of accuracy would be rather less than this, 
on account of a somewhat greater temperature error. 
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The volume of the pyknometer was accurately determined at 
different temperatures by weighing it filled with boiled, distilled 
water. These calibrations were also repeated, using distilled 
mercury in place of the water.* The calibrations were repeated at 
various times to see whether the volume of the pyknometer was 
altering with time, but no change was observed. 


The Pure Liquids. 


All the liquids used were highly purified. They were generally 
fractionally distilled or frozen, and, where possible, they were dried 
over phosphoric oxide. The fractionation was continued until a 
liquid of constant boiling point was obtained, and the density was 
unchanged by further distillation. In the following table are 
given the constants (boiling points and densities at 0°) of the pure 
liquids used, where these had come within the scope of accurate 
measurement. (Only boiling points below 100° were accurately 
measured.) The corrections of the boiling points to normal 
pressure were made by calculating the values of dt/dp from the 
Clapeyron-Clausius latent heat relation, which is a much more 
satisfactory method than the use of tables of experimental values 
of dt/dp, a function extremely difficult to measure with accuracy. 


Liquid. Density at 0°. Boiling point 
at 760 mm. 

Carbon disulphide......... 1-29304 46-25° 
Ethyl acetate............... 0-92468 77-15 
Ethylene chloride ......... 1-28248 83-45 
Chloroform ...............0.. 1-52649 61-21 
TIS asscnsscctsinsiescss 0-88412 _ 
PD ictdidcsevstetssnssisses 1-03893 — 
Nitrobenzene ..............- 1-20323 at 20° — 
W= FEMME... cccccsccccscesess 0-88151 — 
Ethyl bromide ............ 1-49821 38-40 
Ethyl iodide ............... 1-98038 72-52 
PEED cic ccsscccsscesencesi 0-88946 at 10° 80-28 
NET sch scesdsscsasscnsccsees 0-73639 34-60 
Methyl alcohol ............ 0-81040 64-72 
Ethyl] alcohol ............... 0-80645 78-32 
Chlorobenzene ............ 1-12780 _ 


Adiabatic Compressibilities and Specific Volumes. 


In the following tables are given for each liquid the experi- 
mental results of the adiabatic compressibilities. For the liquids 
which had been previously investigated, the values corrected, as 
explained in the introduction, are given, together with a few 

* The specific volumes of water given by Thiesen, Scheel, and Diesselhorst 


(Landolt-Bérnstein, ‘‘ Tabellen”’) were used, and for mercury the results of Chappuis 
(zbid.). 
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supplementary values obtained by means of the new ferm of piezo- 
meter. 
For each liquid, also, the experimental specific-volume data are 
given, together with the constants in the equation V,;= Vy) +at + b#. 
It was exceedingly laborious to find an equation containing four 
terms on the right-hand side to fit the experimental results for the 
whole temperature range, and it was better to find two equations 
of three terms each covering a range of not more than 40°. 
In the following table, ¢° expresses the temperature in degrees 
centigrade, a is the adiabatic compressibility, and v the specific 


volume. | 
; Carbon Disulphide. ; 
' f°, aX 10%. e. Ve 

i Old results corrected. 
' 0-0 52-95 0-0 0-773370 

12-77 57-94 11-66 0-783857 | 

12-58 57-74 16-97 0-788768 j 

20-30 60-61 23-74 0-795154 

29-21 63-91 30-72 0-801888 | 

33-39 65:49 39-07 0-810144 | 

40-05 69-13 | 

New results. | 

19-83 60-43 j 

27-18 63-35 

34-02 66-36 

v= 0-773370 + 0-0008818 ¢ + 0-0,1510/?. 

Chloroform. 

i) 

e aX 10°. , V. { 

Old results corrected. 
0-0 59-30 0-0 0-655097 

14-14 65-91 10-31 0-663408 

20-96 68-99 15-94 0-668131 | 

29-42 74-00 25-07 0-675942 

36-77 78-20 32-06 0-682088 | 

| 44-80 83-L1 40-35 0-689644 j 
54-31 90-65 47-40 0-696278 

\ New results. 54-60 0-703199 

0-0 58-54 | 

9-31 62-65 ; 

24-31 70-75 

35-20 77-35 

49-89 87-25 


;=0-655097 +-0-0,79260 ¢+-0-0,1576°. (030°). 
r,=0-680294 4 0-0,88323(/—30) +0-0,1945('—30)?. (30°—60°). | 
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Toluene. 


f. ax 10°, i. v 
Old results corrected. 


Glass piezometer. 
12-42 64-19 0-0 1-131065 


16-01 65-85 14-98 1-148860 
27-10 71-16 21-17 1-162369 
38-74 77-32 25-78 1-168689 
50-26 83-81 30-74 1-168689 
60-16 90-84 40-00 1-180721 
68-56 97-32 50-13 1-19148 
84-11 109-8 73-05 1-22494 
Copper piezometer. 79-73 1-23529 

0-0 58-74 79-24 1-23443 
12-41 64-10 99-17 1-26660 
47-10 82-10 
57-72 89-00 
67-60 96-88 
90-00 115-3 

New results, 

21-50 68-00 
36-43 76-05 
29-42 72-11 
47-27 82-46 


%4= 1-131065+0-0011630 ¢-+0-0,1959.2.  (0—40°). 
0 = 1-19131-+0-0013918 (¢—50°) + 0-0,2834 (1--50°). 


Benzene. 


. aX 10%. *. v. 
Old results corrected. 
Glass piezometer. 


9-55 61-40 11-92 1-12687 
20-38 66-76 14-40 1-13023 
30-52 72-35 17-90 1-13506 
36-38 75-64 24-42 1-14402 
42-76 79-80 47-95 1-17822 
49-54 84-92 58-33 1-19402 
49-67 84-62 62-30 1-20025 
65-40 97-58 72-06 1-21589 

Copper piezometer. 
16-15 63-99 
21-91 67-86 
31-33 72-81 
41-30 79-42 
50-29 85-59 
62-97 95-20 
New results. 
15°96 64-16 
32-03 73-24 
54-58 88-56 
64-00 96-45 


%= 1-124278 +0-0013508(¢— 10) +0-0,1860(¢—10)2. 


%= 1-18129 + 0-0015038(/— 50) +0-0,3086(¢—50)?.  [50—80°]. 


em. 


0-0 
15-52 
28-41 
35-28 
43-54 
51-90 
62-05 
72-31 


0-0 
12-64 
17-82 
27-50 
39-62 
52-65 
60-02 
72-50 


VOL. CV. 


Ether. 


a x 10° 
Old results corrected. 
Glass piezometer. 
114-3 
129-4 
139-6 
149-5 
158-3 
Copper piezometer. 


142-8 
151-3 
New results. 
128-24 
138-62 
149-05 
157-73 


v = 1-35793 + 0-0020514/ + 0-0;5420". 


7? 


0-0 
13-29 
23-90 
28-00 


Ethyl Alcohol. 


ax 10°. 
Old results corrected. 
83-92 
94-45 
102-04 
105-99 
112-36 
118-9 
128-5 
139-6 
New results. 
83-81 
91-37 
94-22 
100-7 
109-37 
120-05 
126-69 
139-95 


#°. 


v= 1-239998 + 0-0012909¢ + 0-0,17670°. 
v, = 1-29494 + 0-0014749(/ — 40) + 0-0,3958(/ — 40). 


[40—70°]. 
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1-35793 
1-38615 
1-41004 
1-41963 


v. 


1-239998 
1-258698 
1-272043 
1-293690 
1-30459 
1-31638 
1-33047 
1-34631 
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#. 


0-0 
12-43 
20-77 
29-09 
38-29 
47-10 
57-72 
67-63 


16-16 
27-10 
38-69 
60-10 


0-0 
16-27 
24-08 
38-97 
45-85 
53-25 


#, 
0-0 
13-55 
15-17 
21-37 
29-65 
30-80 
24-33 
39-09 
43-69 
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Carbon Tetrachloride. 


ax 10°. 


Old results corrected. 


Glass piezometer. 
63-38 
69-33 
73-24 
78-38 
83-88 
90-70 
99-28 
106-74 
Copper piezometer. 
70-72 


76-98 
84-23 
101-55 
New results. 
63-04 
71-25 
75-54 
84-82 
89-30 
95-68 


had 


% = 0-612869 + 0-0,71724 + 0-0,12272. 
v, = 0-643530 + 0-0, 81438(¢ — 40) + 0-0;1507(¢ — 40)°. 


Chlorobenzene. 


ax 10°, 
Old results corrected. 
49-19 
54-04 
57-54 
61-83 
65-37 
69-59 
74-36 
78-87 
83-3 
New results. 

49-38 
57-39 
64-09 


‘hd 


0: = 0-886685 + 0-0,84104/ + 0-0,950672. 
0 = 0-921848 + 0-0,91697(¢ — 40) + 0-0, 1265(¢ — 40). 


Methyl Alcohol. 


aX 10% 
88-94 
98-06 
99-18 

102-93 

109-04 

109-70 

105-64 

115-93 

120-12 


¢ 

0-0 
11-33 
24-42 
41-65 
55-20 
58-31 


v= 1:233821 + 0-0014089 ¢+.0-0,2240 2. 
t= 1-278104+ 0-0015261 (¢—30)+0-0,3740 (430)? 


v. 


0-612869 
0-625728 b 
0-641815 
0-649243 

0-655021 
0-662735 
0-67 1525 


[40—70°]. 


Ve 


0-886685 
0-907701 
0-920830 
0-929336 
0-941635 
0-954282 


[40—80°]. 


t. 
1-233821 
1-250072 
1-269553 
1-29639 
1-31899 
1-32430 


[30—60°]- 


sg 
0-0 
; 19-17 
: 25-23 
31-98 


i. 
: 0-0 
f 10-66 
; 20-42 
30-38 
39-57 
49-69 
60-04 
73-56 
85-70 
85-50 


v. 
0-0 
10-81 
19-31 
20-51 
30-52 
25-45 
27-25 
39-15 
50-23 
59-79 
73-50 
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Ethyl Bromide. 


ax 10%, 


72-99 
79-45 
85-74 
90-80 
96-53 


F. 
0-0 
5-17 
8°75 
17-58 
25-42 
31-54 


V. 
0-667463 
0-672046 
0-675293 
0-683562 
0-691098 
0-697345 


ve = 0667463 + 0-0,87466 ¢ + 0-0;2307 7°. 


aX 10%. 
32-94 
34-54 
36-35 
38-25 
40-25 
42-76 
45-08 
48-88 
§2-43 
52-10 


Ethylene Chloride. 


aX 106 
48-17 
51-95 
55-31 
55-53 
60-08 
57-72 
58-56 
64-16 
69-95 
75-67 
85-02 


Aniline. 


t. 
0-0 
5-25 

21-89 
30-63 
50-12 
41-65 
62-35 
79-04 
98-95 


v, = 0-962534-+ 0-0,79697 ¢+-0-0,8005 ¢°. 
v= 1-004384-+ 0-0,86953 (¢— 50) + 0-0,1288 (¢— 50). 


-55 
15-41 
21-03 
31-98 
40-13 
50-74 
59-77 
74-98 


v,=0-779738 + 0-0,86779 ¢+-0-0,1459 @. 


r;=0-816785-+ 0-0,9842 (t— 40) +0-0,1943(¢— 40)”. 


oe 
18-98 
29-55 
39-51 
39-37 
49-23 
60-80 
77-44 


Acetic Acid. 


a xX 10°, 
75-10 
81-36 
87-19 
86-73 
93-57 

102-03 

114-00 


e. 
19-36 
24-97 
29-54 
34-26 
39-57 
49-69 
60-04 
73-46 
79-11 
99-07 


t¢= 0-95246 1 + 0-0010266 (¢— 20) + 0-0,1212 (¢— 20)”. 
t¢=0-99546 + 0-001110 (¢— 60) + 0-0,2405 (¢— 60)”. 


v. 
0-962534 
0-966759 
0-980373 
0-987713 
1-004489 
0-997117 
1-015319 
1-03074 
1-05003 


[50—100°]. 


Vv. 
0-779738 
0-784571 
0-793457 
0-798638 
0-808962 
0-816912 
0-827579 
0-837043 
0-853591 


[40—80°]. 


v. 
0-951801 
0-957685 
0-962388 
0-96737 
0-973016 
0-98393 
0-99551 
1-01078 
1-01755 
1-04250 


[60—100°]. 
8c 2 


. 
14-67 
21-10 
30-77 
40-00 
50-13 
60-15 
73-07 
82-00 


e. 
0-0 
12-17 
23-86 
40-85 
52-10 
62-60 


dl 
0-0 
15-10 
21-38 
30-92 
32-73 
40-59 
49-72 
61-60 
75-83 


r. 
0-0 
19-28 
21.89 
30-62 
34-13 
40-47 
50-14 
62-35 
62-90 
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ax 10°. 
37-33 
38-91 
41-10 
43-26 
45-43 
48-41 
52-26 
54-92 


Nitrobenzene. 


t. 

12-95 
21-25 
30:73 
39°10 
49-99 
58-53 


v= 0-826343 + 0-0,67665 (¢— 13) + 0-0,162 (¢— 13)”. 


Ethyl Tlodide. 


ax 10°. 
59-71 
65-01 
70-85 
80-28 
88-08 
95-83 


t. 
0-0 
10-33 
19-15 
39-32 
24-20 
46-45 
53-80 
62-72 


0, = 0-504927 + 0-0,56522/ + 0-0,1072/. 
v= 0522849 + 0-0,6295(¢ — 30) + 0-0,1114(/ - 30)”. 


m-X ylene. 


aX 10°. 
57-27 
63-44 
66-49 
71-15 (2) 
71-67 
75-82 
80-75 
88-00 
97-21 


*. 
0-0 
18°83 
22-62 
29-62 
39-37 
50-54 
59-28 
75-92 
78-86 
98-86 


= 1-134417 + 0-0010925¢-+ 0-0,14612. 
v= 1192698 +- 0-001 2402(/— 50) -}- 0-0,2002(/ — 50)?. 


Ethyl Acetate. 


ax 10°. 
70-30 
83-02 
84-81 
91-50 
94-93 
100-34 
109-39 
122-9 
123-6 


e 
0-0 
18-22 
27-18 
34-05 
41-04 
52-23 
59-93 
73.21 


v= 1-081456 + 0-0013700¢-+ 0.0,328202. 
%=1-14154 +0-0,16247(¢—40) -+0-0,4028(¢—40)°. 
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V. 
0-826309 
0-831984 
0-838538 
0-844402 
0-852209 
0-858420 


[13—60°]. 


V. 
0-504927 
0-510881 
0-516144 
0-528808 
0-519172 
0-533512 
0-538464 
0-54462 


[30—60]. 


Vv. 
1-134417 
1-155500 
1-159877 
1-16808 
1°179694 
1-193367 
1-20438 
1-22627 
1-23012 
1-25867 


[50—100°]. 


Ue 
1-081456 
1-10751 
1-121117 
1-131909 
1-143210 
1-161970 
1-17552 
1-19994 


[40—80°.] 
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Water. 


ax 10°. 
Old results ax 10%. 
corrected. aaa New results. 
50-10 9.71 48-35 
49-05 11-51 48-03 
47-18 10-98 48-13 
46-00 14-23 47-31 
45-21 19-38 46-21 
44-08 20-38 46-09 
43-19 24-98 45-34 
42-80 24-29 45-37 
42-67 29-46 44°56 
42-81 34-62 43-76 
42-88 38-90 43-69 
47-95 43-04 
60-65 42-55 
73-50 42-57 
84-40 43-00 


Isothermal Compressibilities and Values of dv/dt. 


Values of dv/dt were determined by differentiating the equations 
given in the foregoing tables. For the wider temperature ranges 
where two equations were necessary, it was found that there was 
usually a slight break in the continuity of the dv/dt values at 
the intermediate point. This break was removed by plotting the 
results, and then drawing a smoothed curve, from which values of 
dv/dt were read. In addition, the accuracy of the results was 
checked by calculating them in another way. The mean value of 
dv/dt between each pair of succeeding points was determined by 
subtracting the specific volumes and dividing by the temperature 
difference. The result was taken to refer to the mean temperature. 
Then, by plotting a curve of all the values thus obtained, results 
were obtained at regular temperature intervals, which, in general, 
agreed excellently with the values obtained from the equations. 

From the values of dv/dt and the adiabatic compressibilities, 
values of the isothermal compressibility 8 have been calculated by 
aid of the thermodynamic equation given in the introduction. A 
knowledge of the specific heat at constant pressure (Cy) is also 
necessary. As already explained, comparatively large errors in the 
latter quantity affect the calculated values of 8 but slightly, and 
so no special determinations of specific heats have been made, but 
results obtained by other investigators have been relied on. For 
benzene and carbon tetrachloride, the specific heat determinations 
of Mills and McRae (J. Physical Chem., 1910, 14, 797; 1911, 
15, 54) have been used in the calculations. Schiff’s results 
(Annalen, 1886, 284, 300; Zeitsch. physikal. Chem., 1887, 1, 376) 
were employed in the cases of toluene, m-xylene, ethyl acetate, 
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and chlorobenzene; Regnault’s results (“Relations des Expéri- 
ences” and Mem. de l’Acad., 1862, 26, 262) for carbon disulphide, 
ether, ethylene chloride, ethyl iodide, chloroform, and ethyl 
alcohol. In the case of aniline, Griffith’s results (Phil. Mag., 1895, 
[v], 39, 47, 143) were used. In a few other cases, the values of 
the specific heats employed in the calculations are the mean values 
of several observers. These are given in the tables. 


Benzene. 

v°. aX 10°. dvfdt. Bx 10°. 
0 56-00 0-001316 81-95 
10 61-00 1351 88-45 
} 20 66-32 1387 95-65 
30 72-00 1424 103-15 
40 78-26 1464 111-41 
50 85-12 1509 120-51 
60 92-99 1561 130-03 
70 101-91 1623 143-16 

80 111-5 1694 156-5 


Carbon Tetrachloride. 


| 1°. ax 10%. dv/dt. Bx 10°. 
0 63-25 0-0007200 91-03 

10 68-14 7417 98-31 

20 73-28 7642 105-96 

30 78-85 7884 114-34 

40 85-32 8147 123-94 

50 92-90 8432 134-97 

60 101-20 8743 147-15 

70 109-60 9071 159-81 


Carbon Disulphide. 


e.. ax 10°. dv/dt. Bx 10°. 
0 53-21 0-0008818 81-44 
10 56-79 9120 87-52 
20 60-50 9422 93-84 
30 64-52 9724 100-55 
40 69-08 10026 107-92 
50 74-6 1033 116-3 
Ether. 
r. a X 10% dufdt. Bx 10°. 
0 114-30 0:002051 152-97 
10 127-05 2159 170-31 
20 140-85 2268 188-97 
30 158-7 2376 211-8 
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Ethylene Chloride. 


ax 10°. 
48-23 
51-60 
55-42 
59-80 
64-59 
69-78 
75-80 
82-53 
89-95 


aX 10°. 


32-89 
34-47 
36-25 
38-20 
40-32 
42-63 
45-18 
47-83 
50-57 
53-45 


dvfdt. 

0-0008678 
8970 

9260 

9560 

9875 
0-001022 
1060 

1100 

1143 


Aniline. 


defdi. 
0-:0007980 
8120 
8270 
8428 
8595 
8775 
8967 
9180 
9420 
9690 


Chlorobenzene. 


a X 10°. 
49-40 
52-66 
56-03 
59-69 
63-73 
68-10 
72-88 
78-00 
83-50 


dv/at ‘ 

0-0008410 
8600 

8783 

8985 

9200 

9438 

9683 

9938 
0-:001019 


Toluene. 


Ethyl Iodide. 


dv/dt. 
0-0005652 
5868 
6081 
6296 
6516 
6735 
6958 
7186 


j 
| 
, 
| 
‘\ 
| 
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Ethyl Acetate. 


ax 10°, dv/dt. 
70-30 0-001370 
76-43 1434 
83-41 1500 
91-22 1567 
99-86 1635 
109-25 1708 
120-1 1784 
133-4 1864 


Chloroform. 


aX 10°. dv/dt. 
58-54 0-0007940 
62-98 8230 
68-31 8538 
74-10 8863 
80-48 9218 
87-33 9598 
94-70 0-0010005 


m-X ylene. 


ax 10°. dvfdt. 
57-27 0-0010925 
61-40 1121 
65-69 1149 
70-35 1179 
75-48 1210 
80-93 1243 
87-04 1279 
93-40 1316 

100-00 1356 


Ethyl Alcohol. 


ax 10°. dr fit. 
83-85 0:001288 
89-52 1326 
95-55 1365 
102-20 1413 
109-62 1470 
117-82 1542 
126-65 1624 
137-04 1719 
142-95 1825 


Water. 


a X 10°, dv]dt. 
50-75 —0-0,68 
48-38 +9-0,88 
46-15 +0-0,207 
44-52 304 
43-60 380 
43-02 455 
42-70 526 
42-60 592 
42-76 655 
43-05 720 
43-35 782 
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Ethyl Bromide. 


e aX 10%. dvfdt. c;.° B+10%. 
0 72-99 0:0608747 0-210 109-05 
10 79-05 9208 0-213 119-34 
20 86-45 9669 0-216 131-18 
30 94-84 0-0010129 0-219 144-20 
40 103-70 1059 0-223 157-3 


* Calculated from results of Regnault (Joc. ci/.) and Battelli (Atti KR. Accad, 
Lincei, 1907, [v], 16, i. 243). 


Acetic Acid. 


dvldt. C,.* 8x 10%. 
0-001019 0-480 88-71 
1029 0-485 91-98 
1048 0-494 98-48 
1068 0-504 105-10 
1093 0-514 112-55 
1122 0-523 120-66 
1157 0-533 129-37 
1200 0-542 138-57 


* From results of Schiff, Timoféev, Liideking aud others. (See Landolt- 
Bornstein, ‘* Tabellen.”’) 


Methyl Alcohol. 


aX 10%. dv/dt. C,.* Bx 10°. 

88-95 0-001409 0-570 107-59 

95-30 1451 0-588 114-94 
101-95 1495 0-606 122-7 
109-18 1543 0-625 131-0 
117-02 1599 0-643 140-3 
125-48 1666 ene on 


* From results of Regnault (oc. cit.), Kopp (Ann. Phys. Chem., 1848, [ii], 75, 98), 
Timoféev, (Compt. rend., 1891, 112, 1261) and Walker and Henderson (Trans. Roy. 
Soc. Canada, 1902, [ii], 8, 105). 


Nitrobenzene. 


aX 10°. dv/dt. C,.* 
36-40 0-0006730 0-338 
38-6! 6852 0-345 
40-90 6975 0-352 
43-22 7097 0-358 
45-70 7219 0-365 
48-37 7342 — 
50-28 — — 
* From results of Regnault (Joc. cit.) and Schlamp (Ann. Phys. Chem., 1896, [iii], 
58, 759). 


Discussion of Results. 
As has been stated, the general order of error in the results for 
the adiabatic compressibility is about 0°1 per cent. This is, how- 


ever, independent of any possible error in the accepted value 
(Amagat’s value) for the compressibility of glass. In any case, 
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even supposing that this value contains, say, a 10 per cent. error, 
then the consequent error in the value of the adiabatic compressi- 
bility is only 0°3 per cent. in an average case. It is evident, there- 
fore, that very little error can arise from this source. The 
accuracy of the calculated values of 8 depends chiefly on the 
accuracy of the values of a. Errors in the determinations of 
dv/dt and C, have little effect on the value of 8. For example, 
a 5 per cent. error in the value of C, introduces only an error of 
1 to 1°5 per cent. in the value of B. 

It must be remarked that whilst the observed values of the 
adiabatic compressibility refer to a mean pressure of about 1°5 
atmospheres, those of dv/dt and of C, refer to the normal atmo- 
spheric pressure. The effect of pressure on the value of a is so 
small, however, that the results may be considered as all referring 
to the atmospheric pressure, without any appreciable error being 
made. In none of the experiments was observed a change of a 
with a change of pressure of about half an atmosphere. It may 
be claimed, then, that the values of the compressibility obtained 
by this method for low pressures are far more accurate than results 
obtained by the direct method, which yields very discordant results 
on account of the evoluticen of a very small but important quantity 
of heat during compression. The effect of this evolution of heat 
on the results obtained by the direct method will be easily appre- 
ciated from what is explained in the note at the end of this paper. 

In every case except water the value of both the. adiabatic 
and isothermal compressibility increases with rise of temperature, 
the increase being the greater for the isothermal compressibility. 
For water, both compressibilities show minimum values. 

The theoretical application of the results obtained in this work 
are reserved for a future paper. 


Note on some Previous Determinations of the Compressibilities 
of Liquids at Low Pressures. 


On comparing the compressibility measurements at low pressures 
with some results of early investigators, it was found that results 
which were considered by their authors to be isothermal are really 
adiabatic. 

On studying the work of Quincke (Ann. Phys. Chem., 1883, [iii], 
19, 401), it was found that, judging from his method of deter- 
mination, his results could not possibly be isothermal, but were 
undoubtedly adiabatic. The same was found to be the case for 
the determinations of Grassi (Ann. Chim. Phys., 1851, [iii], $1, 
437), of Amaury and Deschamps (Compt. rend., 1869, 68, 1564), 
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and of Collodon and Sturm (Ann. Chim. Phys., 1827, [ii], 36, 
113), and of a few other investigators. It is important to point 
out the true nature of the results of these investigators, because 
they have always been recorded in tables of physical constants and 
properties of liquids as isothermal compressibilities (see, for 
example, Landolt-Bornstein, “Tabellen,” 1912). 

Their results differed very considerably from the isothermal com- 
pressibility determinations of later investigators, a matter which 
appears to have caused some surprise, although the reason of the 
discrepancy was apparently never discovered. 

When a liquid is compressed by a small pressure—say, by one 
atmosphere—there occurs a small rise in temperature amounting 
to a few thousandths of a degree, yet sufficient, if neglected, to 
cause a difference of 10 to 40 per cent. in the observed isothermal 
compressibility, and, as can be easily imagined, the elimination of 
such a small change of temperature is exceedingly difficult. 

It can be easily understood, therefore, that early investigators, 
ignorant of this small change of temperature, and using thermo- 
meters scarcely sensitive enough to detect it, would obtain, not 
the isothermal compressibilities which they were attempting to 
measure, but really adiabatic compressibilities, or, more correctly 
in the majority of cases, results which lay between the adiabatic 
and isothermal values. 

Quincke’s method of investigation was very similar in principle 
to that described above. He operated at very low pressures, the 
highest he used being, in fact, little more than 50 cm. of mercury. 
The latent heat liberated in the compression would be so small 
as to be undetectable, and it is quite impossible that any appreci- 
able quantity of this heat should have disappeared during an 
experiment. Moreover, he mentions that he worked as quickly as 
possible, as then better results were obtained. Quincke himself 
does not appear to have considered the possibility of the liberation 
of heat during the compression. In the table below, Quincke’s 
results are compared with the adiabatic and isothermal values 
recorded in this paper. It will be seen that there is quite a close 
agreement between Quincke’s results and the adiabatic values 
which leaves no room for doubt that Quincke’s values are really 
adiabatic. 

Grassi (loc. cit.) used a similar form of piezometer to that of 
Quincke, but he worked at higher pressures, up to 8 or 9 atmo- 
spheres. At the higher pressures, the heat produced in the com- 
pression would be so appreciable that much of it would be lost 
during the time of an experiment, but at the lower pressures the 
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compression would be adiabatic, or approximately so. Now, as the 
isothermal compressibility is much greater than the adiabatic, 
Grassi found, as a consequence, that the compressibility of a liquid 
increases with the pressure, whereas it really decreases. For 
instance, it will be seen in the table that for ether, alcohol, and 
chloroform the compressibility, according to Grassi, is greater at 
the higher pressures. 

It will be noticed that where a comparison with the present 
author’s results at one to two atmospheres is possible, Grassi’s 
results agree quite well with the adiabatic values. It may be con- 
cluded, therefore, that for the lower pressures Grassi’s results are 
approximately adiabatic, but at the higher pressures they lie 
between the adiabatic and the isothermal values. 

Amaury and Deschamps (loc. cit.) made compressibility measure- 
- ments between 1 and 10 atmospheres’ pressure. For a change of 
pressure of 10 atmospheres there would be quite an appreciable 
change of temperature, but as they took minute readings of the 
volume change and eliminated what they considered to be acci- 
dental changes of temperature by plotting the readings against the 
time, and extrapolating to the zero point on the time ordinate, 
their results would be approximately adiabatic. The pressures for 
their experiments being higher than correspond with the author’s 
results, it is to be expected that their values will be somewhat 
lower than the new adiabatic values. 

From a study of the early experiments of Collodon and Sturm 
(Ann. Chim. Phys., 1827, [ii], 36, 113, 225; Ann. Phys. Chem., 
1828, 12, 39), it would appear that their results were largely 
affected by the negligence of the latent heat of compression, and 
that their values are, as it were, partly adiabatic and partly iso- 
thermal. 


Temperature. 
Pressure 
(atmospheres). 
Compressibility 
x 10° 
observed. 
Adiabatic 
compressibility 
x 108 
Isothermal 
pressibility 
x 10° (Tyrer). 
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Temperature 
Pressure 
(atmospheres) 
Compressibility 
x 10° 
observed. 
Adiabatic 
compressibility 
x 10° 
Isothermal 
compressibility 
x 10° (Tyrer) 


Pressure 
found tohave 
no influence 
on the com- 
pressibility. 
1—7-82 
1—3-41 
1—1-58 
1—8-36 
1—2-30 
1—9-40 
1—1-57 
1—8-97 
1—1-26 
1—1-30 
1—1-92 


one 


Grassi 
(loc. cit.) 


— 


Ethyl alcohol 


— 


\ Chloroform 


— 


1—10 
1—10 
1—10 
1—10 
1—10 


Amaur 
and y Ethy! alcohol 


Dee- Ether 
champs, : 
(loc. cit.) | Carbon disulphide 


— 
PEONS PROYYIIEPRSOS Se 


SOOSOSS AOCAHEHWHWHOSOSS BES 


en ee 
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The results of other investigators were carried out at sufficiently 
high pressures to ensure the complete elimination of the heat of 
compression. 


The practical part of the work was carried out in the Physical 
Chemistry laboratories of the University of Geneva. 


THE UNIVERSITY, 
MANCHESTER. 


CCXXXVII.—Electromotive Forces in Alcohol. Part V. 
The Dropping Electrode in Alcoholic Solutions. 


By Epcar NEwsERY. 


MeasurEMENTS of the electromotive forces of concentration cells 
promise to furnish the most satisfactory method of comparing the 
thermodynamic potentials of an electrolyte in two dilute solutions 
in the same solvent, and in earlier papers of this series such applica- 
tions with calomel and hydrogen electrodes in alcoholic solutions 
have been dealt with. 

A comparison of the thermodynamic.potential of an electrolyte 
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in one solvent with that of the same electrolyte in another solvent 
cannot at present be made, previous attempts notwithstanding, by 
any known electrometric method. The use of concentration cells 
containing two different soivents must at present be wholly 
excluded, as the potential difference at the boundary cannot be 
determined directly, and cannot even be roughly estimated, as the 
calculations involved must be based on theoretical assumptions 
which would have a purely speculative character. 

For this reason the work described in the present series of papers 
(Hardman, Lapworth, and Partington, T., 1911, 99, 1417, 2242; 
1912, 101, 2249; this vol., p. 2302) is being developed along several 
different lines, which it is believed may ultimately converge at a 
more promising point of attack. It is sufficient at present to 
indicate that this point is considered to be the determination of the 
difference in absolute potential of two electrodes, one in any suit- 
able aqueous solution, and the other in any suitable alcoholic 
solution, and for this purpose it is clear that the precise values 
of the absolute potentials are not required to be known; moreover, 
the matter is greatly simplified if conditions can be devised so 
that the absolute potentials of the two electrodes in question are 
identical. 

Direct determination of the absolute potentials of electrodes in 
solutions in both solvents offers one possible line of investigation, 
and of methods hitherto suggested for such determinations the 
dropping electrode and the capillary electrometer are the only 
devices which it is necessary to consider. It is well known that 
there are great difficulties in reconciling the results obtained by 
the use of these two instruments even in aqueous solutions, and 
there are already reasons for supposing that the most rapid progress 
is likely to be made by further study of the capillary electrometer. 
The present communication furnishes additional evidence of the 
untrustworthy character from the present point cf view of measure- 
ments made with the dropping electrode, even when the results 
exhibit most perfect consistency, and in later communications it 
will be shown that the capillary electrometer promises to provide 
the material necessary for bridging this gap in the applications of 
electrometric methods. 

The dropping electrode has been applied to the determination of 
absolute potentials in aqueous solutions by Paschen (Ann. Phys. 
Chem., 1890, [iii], 41, 42) and by Palmaer (Zeitsch. physikal. 
Chem., 1899, 28, 259; Zeitsch. Elektrochem., 1903, 9, 754), and 
others. 

The apparatus used in the experiments described in the present 
communication was similar to that used by Palmaer (Zettsch. 
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Elektrochem., 1903, 9, 755), but with the following modifica- 
tions: 

(1) Pressure on the mercury was obtained by connecting a large 
pear-shaped vessel with the mercury dropper by means of 450 cm. 
of canvas-lined pressure tubing, and raising this vessel when full 
of mercury by means of a cord passing over a pulley. 

(2) The electrode vessel was arranged so that it could be 
immersed in a thermostat at 25°. 

(3) A small burette, B, holding about 2 c.c., was fitted to the 


Snel, 


top of the electrode vessel, to allow for the addition of small 
measured quantities of any required solution without disturbing 
the apparatus. 

A slow current of pure hydrogen, obtained by the electrolysis 
of pure sodium hydroxide solution, was passed through the appara- 
tus for some hours before taking measurements, and continued 
throughout all the experiments, except in those where hydrogen 
sulphide was used. 
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Potential differences were measured by means of a carefully 
calibrated metre potentiometer wire, a Weston cadmium cell being 
used as standard, and a sensitive capillary electrometer as null 
instrument. 

Connexion of the potentiometer with the dropping mercury was 
made by means of a platinum wire dipping in the mercury in the 
pear-shaped vessel, and with the still mercury by a platinum wire 
dipping in the end of the syphon tube D. 

A is the leading tube of the experimental calomel electrode, and 
the U-tube velow contained the same liquid as the calomel electrode 
vessel. 

With a pressure of 5 atmospheres, 250 c.c. of mercury fell in 
twenty-four hours in V/10-potassium chloride. 

(a) As a preliminary experiment, the absolute H#.M/.F. of the 
calomel electrode in WV /10-potassium chloride solution at 25° was 
determined. In this experiment the following observations are of 
interest : 

(i) Rapid fluctuations of the potential of the still mercury were 
observed when the potential difference between the dropping and 
still mercury exceeded 3 or 4 millivolts. These fluctuations were 
observed by Palmaer only when using hydrogen sulphide in forming 
his null solution, and were attributed by him to the presence of 
solid mercury sulphide. Similar fluctuations are, however, observed 
in many other cases, notably when the single potential of a metal 
cathode is measured during electrolysis of a dilute acid. The fluc- 
tuations are therefore in all probability due to the lack of balance 
between the solution pressure of the metal and the osmotic pressure 
of its ions present in the solution. They may be completely stopped 
by the addition of a soluble salt of the metal in question. 

(ii) The null solutions used by Palmaer at 18° were found to be 
unsuitable for use at 25°, a greater proportion of potassium cyanide 
being required to render the solution null. 

In the first experiment 40 c.c. of a solution containing 
0'1N-potassium chloride, 0°01N-potassium cyanide, 0°0008/-potass- 
ium hydroxide, and 0:0004-mereury cyanide were placed in the 
electrode vessel, and a similar solution without any mercury salt 
and with ten times the concentration of potassium cyanide was 
placed in the small burette. 

Henderson’s equation was employed in this and other cases to 
determine the diffusion potential due to dissimilarity of the liquid 
in the dropping electrode and calomel electrode vessels respectively. 
In all cases it was found to be of the order 0°1 millivolt, and was 


therefore neglected. 
The following table gives the last six readings, where column I 
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shows the burette reading in c.c., II the 7.M.F. of the calomel 
electrode against the dropping mercury, and III the difference of 
potential between the dropping and still mercury: 


II. Li. 
0- 0-571 volt. 3-2 millivolts 
0- 0-575 0-8 millivolt 
0- 0-579 0- 
0- 0-582 0- 
0- — 0: 
0-4 —|l- 


99 


2 
8 
6 
‘0 9? 
6 
6 


0-584 
0-611 


millivolts 


Hence the absolute potential of calomel electrode in V /10-potass- 
ium chloride solution at 25° is 0°582 volt. 

This experiment was carried out three times, giving the values 
0°582, 0°582, and 0°583 volt respectively, the mean result being 
0°582 volt. 

Assuming the temperature-coefficient of the decinormal calomel 
electrode to be 0°0008 volt per 1°, this would lead to the value 
0°576 volt at 18°, as compared with Palmaer’s value of 0°574 volt. 

(6) Attempts to determine the absolute potential of the calomel 
electrode in saturated alcoholic salt solution were made, the same 
apparatus being used, but with the following modifications : 

(1) The calomel electrode vessel was specially made with wide 
leading tube and wide-bore tap (4 mm.). 

(2) Connexion between the two electrode vessels was made by 
bringing the liquids into actual contact instead of using moist 
filter paper, as was done with aqueous solutions. This was done by 
opening the pinch-tap at C and sucking the air out of the joint. 

(3) A delicate Ayrton-Mather reflecting galvanometer was used 
as null instrument instead of the capillary electrometer. 

The sclution in the electrode vessel was 40 c.c. of a saturated 
solution of pure sodium chloride in pure alcohol (dried over 
calcium), to which was added mercury cyanide until 0°000125 
normal. 

The burette contained a 0°01N-solution of sodium cyanide in 
alcohol previously saturated with pure sodium chloride. 

The following table gives the last five readings, the figures I, II, 
IIT having the same significance as before: 

I. II. ILI. 
0-14 c.c. 0-330 volt. 34-0 millivolts. 
0-32 0.330 ° 
0-54 0-331 
0-68 0-331 
0-77 0-331 

Absolute potential of the calomel electrode in saturated alcoholic 
sodium chloride solution=0°331 volt. 

A second experiment by the same method gave the same result. 


VOL. CV. 8 D 
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A third experiment, using 0°07N-sodium sulphide solution in 
place of the sodium cyanide, gave 0°329 volt. 

A fourth experiment made six months later with a fresh set of 
solutions similar to those used in the third experiment gave again 
0°329 volt. Average of the four results=0°330 volt. 

(c) An attempt was next made to determine the absolute poten- 
tial of the calomel electrode in saturated aqueous sodium chloride 
solution. 

(i) A saturated solution of pure sodium chloride containing 
0°000125N-mercury cyanide was placed in the electrode vessel, and 
a similar solution containing 0°1-sodium cyanide in place of the 
mercury salt was put into the burette. 

On adding the solution from the burette until the concentration 
of the sodium cyanide was two hundred times that of the mercury 
cyanide, the potential difference between the falling and the still 
mercury was reduced from 500 to 50 millivolts. Further addition 
of sodium cyanide produced a still smaller effect, so that it appears 
to be impossible to produce a null solution by this method, which 
was therefore abandoned. 

(ii) Palmaer’s method of obtaining a null solution by passing 
gaseous hydrogen sulphide through the liquid was then tried, but 
instead of adding acetic acid to reduce the ionisation of the hydro- 
gen sulphide, it was found necessary to add sodium hydroxide to 
increase it. After making the saturated sodium chloride solution 
nearly centinormal with respect to sodium hydroxide and passing 
hydrogen sulphide for eight hours, the potential difference between 
the dropping and still mercury had only been reduced to 10 milli- 
volts. The figures obtained showed that if a null solution could 
be obtained by this method it would probably give a value of 
more than 0°6 volt for the absolute potential of the calomel elec- 
trode in saturated aqueous sodium chloride solution. Subsequent 
experiment showed that this result is undoubtedly too high. 

(ui) Sodium sulphide was then tried as the agent for reducing 
the concentration of the mercury ions, a 0°001N-solution in satur- 
ated sodium chloride solution being placed in the burette, whilst 
40 c.c. of a saturated sodium chloride solution containing 
0°000125N-mercury cyanide were placed in the electrode vessel. 

A slow current of pure hydrogen was passed through as in 2(a). 
The following table shows the results obtained, the figures I, II, 
ITI having the same significance as before [2(a)ii], whilst column IV 
shows the time interval between the readings: 
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II. Ill. ay. 
0-573 volt. 504 millivolts. 30 minutes 
0-579 482 30 eo 
0-586 277 30 7 
0-588 250 30 ae 
0-595 206 21 hours 
0-591 255 A 30 minutes 
0-594 230 : 30 ne 
0-595 174 : 30 a 
0-595 85 ‘ 15 
0-595 60 30 si 
0-595 — 3-4 15 a 
0-593 — 10-6 7 21 hours 


2-92 0-593 +238 - 

From this table it will be seen that a null solution is readily 
obtained by the use of sodium sulphide, the potential of the 
dropping mercury remaining constant whilst the potential of the 
still mercury altered by 200 millivolts. The addition of sodium 
sulphide only affected the potential of the dropping mercury to a 
very small extent when near the null point, although the effect 
was slightly greater when far away from it. 

The effect on the potential of the still mercury was remarkable, 
although at first it was comparatively small. When near the null 
point, however, further addition of sodium sulphide, sufficient to 
increase its concentration by 0°00005/V, lowered the potential by 
more than 100 millivolts, the greater part of which took place 
within the first ten minutes, reaching the maximum after about 
three or four hours, and then falling again. 

Another remarkable feature of this experiment is the accuracy 
and certainty with which these results may be reproduced. The 
experiment was repeated three times, using fresh solutions each 
time, but exactly the same result (0°595 volt) was obtained. By 
overshooting the mark with excess of sodium sulphide, and subse- 
quently returning to the null point by addition of mercury 
cyanide, the same result was again obtained. Also, after the series 
of experiments had been completed, the apparatus was dismantled 
and laid aside for six months. It was then refitted, new solutions 
with materials from other sources used, and the above experiment 
repeated, when exactly the same result was again obtained. Again, 
from the last line of the above table, it will be seen that by allow- 
ing the liquid to remain (with the hydrogen passing at the rate of 
three bubbles per minute) for twenty-one hours, the potential of 
the still mercury had risen again nearly 250 millivolts. On adding 
more sodium sulphide the null point was again reached, and the 
figure in the second column again became 0°595 volt. The actual 
quantity of sodium sulphide present thus appears to have little or 
no effect on the potential so long as the null point is attained, and 
its addition can therefore cause no perceptible diffusion potential. 

8D2 
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(iv) A similar experiment was carried out with a normal solution 
of sodium chloride in place of the saturated solution. In this case 
a greater concentration of sodium sulphide was required to produce 
the null solution, The fluctuations of potential of the still mercury 
were also greater and more persistent than in the previous case. 

Two determinations gave identical results, namely, 0°552 volt, as 
the absolute potential of the calomel electrode in a normal solution 
of sodium chloride in water. 

(v) When a similar experiment was tried with 0°1N-sodium 
chloride solution, the fluctuations of potential referred to previ- 
ously were very violent, at times showing a variation of 40 milli- 
volts, and were never entirely absent. Also a high potential 
#.M.F. appeared to be generated by the dropping mercury, since 
touching any metallic connexion on the apparatus with the finger 
or an earthed wire at once gave a large deflexion to the galvano- 
meter, which continued until the earthing body was removed. As 
the direction of this deflexion was determined by the side of the 
galvanometer which was touched, it was considered advisable to 
insulate the whole apparatus on blocks of paraffin-wax before taking 
further readings. 

Three determinations of the absolute potential of the calomel 
elec .rode in 0°1N-aqueous sodium chloride solution gave the values 
0°534, 0°535, and 0°535 volt respectively. 

(vi) It was found possible to produce a null solution in the 
case of decinormal sodium chloride solutions by the use of sodium 
cyanide and also by the use of hydrogen sulphide and acetic acid, 
although neither of these methods could be used with the stronger 
solutions of sodium chloride. The use of sodium cyanide gave the 
following result: | 

Absolute potential of calomel electrode in V/10-sodium chloride 
solution=0°579 volt. 

The use of hydrogen sulphide and acetic acid gave: 

Absolute potential of calomel electrode in V/10-sodium chloride 
solution =0°570 volt. 


Summary. 


The following figures are given by the dropping electrode as the 
absolute potentials of the calomel electrode in the solutions stated, 
at 25°: 

(a) ()) 
In saturated sodium chloride (aqueous) ... 0-595 volt. 
ais €e (alcoholic) .-- 0-329 0-331 volt. 


normal 2 ms (aqueous) .-. 0-552 
decinormal ,, «-. 0-535 0-579 ,, 


9 


» potassium chloride : «oe 0-572 0-582 ,, 
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The figures in column (a) were obtained with the aid of an 
alkaline sulphate, those in (6) with an alkaline cyanide. 

Of these figures, the value given in (0) for W/10-potassium 
chloride solution at 25° may be taken as approximately correct, as 
it is nearly the same as that obtained by Palmaer (loc. cit.) when 
corrected for temperature from the known coefficient of the calomel 
electrode, and is also supported by Smith’s observations with the 
capillary electrometer (Joc. cit.). 

The value given in (6) for V/10-sodium chloride solution may 
also be taken as approximately correct, since it is within three 
millivolts of that for potassium chloride. A concentration cell with 
calomel electrodes and W/10-solutions of sodium chloride and 
potassium chloride in opposition showed an #.M.F. of about 
2 millivolts. 

Even a superficial examination of the remaining figures will at 
once show that they cannot represent true absolute potentials. 
The potential of the calomel electrode according to these results is 
greatest in the saturated solution, and least in the most dilute. 
This is directly contrary to theory, and will be shown later (Part 
VII) to be contrary to fact. 

Apparently the use of the alkali sulphide is responsible in part 
at least for the abnormal results. It was made use of (1) because 
it was the only substance found that would give a null solution 
at all with the stronger aqueous solutions, and (2) because in 
alcoholic solution it gave almost the same result as sodium cyanide, 
which presumably gives true values at least. in aqueous solution. 

Again, the reason why the sodium sulphide produces a null 
solution with saturated aqueous sodium chloride, when hydrogen 
sulphide will not, is by no means evident. If it is suggested that 
it is due to the greater extent of ionisation of the sodium ‘sulphide, 
then it should follow that more sodium sulphide should be required 
in the saturated sodium chloride solution than in the normal or 
decinormal, for the sodium sulphide must obviously be less disso- 
ciated in the more concentrated sodium chloride solution. This 
conclusion is not supported by experimental facts, for it was found 
that the saturated sodium chloride solution required less than half 
the quantity of sodium sulphide that the normal solution required, 
and the normal solution required a little less than the decinormal. 

The foregoing data have been given at some length as they 
possess so much of definiteness, and therefore must have some 
special significance which must be considered in any satisfactory 
explanation of the theory of the dropping electrode, for it will be 
shown in a future communication that these results, although so 


2562 JONES AND WHEELER: 


definite, afford no clue to the absolute potential of the calomel 
electrode in alcoholic or in concentrated aqueous solution. 


The author desires to express his thanks to Professor Lapworth 
for his encouragement during the progress of the work, and begs 
to acknowledge that some of the apparatus used had been pur- 
chased from a grant to Dr. Lapworth from the Government Grant 
Research Fund of the Royal Society. 
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CCXXXVIII.—The Composition of Coal. Part II. 
By Davip Trevor Jones and RicHArD VERNON WHEELER. 


In a previous communication (this vol., p. 140) the result of distil- 
ling bituminous coal in a vacuum at a temperature of 430° was 
recorded. It was noted that there did not appear to be much 
difference in character between the liquid distillates obtained at 
that temperature and at 350°. It seemed desirable to examine 
further the character of the oils obtained at a temperature not 
exceeding 350°. 

It will be remembered that on distillation at 430° in a vacuum, 
bituminous coals yielded, besides gaseous products and water, about 
6°5 per cent. of their weight of tar. On distilling this tar, about 
half remained as pitch, boiling above 300°. The oils boiling below 
300° consisted mainly of unsaturated (ethylenic) hydrocarbons, 
40 to 45 per cent.; naphthenes (C,H,,) and liquid paraffins, form- 
ing together about 40 per cent.; phenols, 12 to 15 per cent; and 
aromatic compounds, about 7 per cent. 

An examination of the corresponding oils obtained from the 
distillates from coal in a vacuum at 350°, details of which are 
given in the experimental part of this paper, showed them to con- 
tain the same compounds in similar proportions. 

The occurrence of aromatic compounds in the oils obtained at this 
lower temperature requires explanation. 

In accordance with a general theory respecting the composition 
of “coal,” put forward to explain the rapid formation of the 
various types of compounds found in coal distillates, the presence 
in coal was assumed of hydrogenated aromatic nuclei (or “bound” 
molecules), which, it was suggested, suffered decomposition, elimin- 
ating hydrogen, at temperatures not much below 400°—the tem- 
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perature at which dihydronaphthalene has been found to decom- 
pose, thus: 


(XO) (XO) 
RH H, —> RA | 
in cal iF di ad 


In the light of the results recorded in the present paper, some 
modification of this theory is required, so far as it affects the 
aromatic compounds. 

The mechanism of decomposition of santonous acid, C,;H,)03, as 
observed by Cannizzaro (Gazzetta, 1884, 13, 385), suggests an alter- 
native. This acid decomposes between 300° and 350°, yielding 
chiefly 1 :4-dimethyl-5 : 8-dihydro-8-naphthol and propionic acid, in 
the following manner: 


CMe CH, Fwy 


ON/N. \/ 
g G CH-CHMe:CO,H __. _, w0 ¥ Ye a cu ateooys 


HC CH, 


VWNZ bP i 
OMe CH, OMe OH, 


In an analogous way, the formation of naphthalene derivatives 
from hydrogefated nuclei in coal can be explained : 
CH CH 
Ae * Pugh, 
! we 
Wows 
CH CH 


According to this decomposition, elimination of hydrogen does 
not necessarily occur. 


HO: 


+ RH. 


Additional evidence of the occurrence of free paraffins in coal, to 
which reference was made in our previous paper, has been obtained 
by Knecht and Hibbert (Mem. Manchester Phil. Soc., 1913, 58, 
No. 2), who, in the course of a research on the soluble portions of 
soot, obtained a paraffin, C.,H;., which they identified with hepta- 
cosane. This paraffin appears to be the same as that described by 
us as having a molecular weight intermediate between the values 
required for C,H; and C.,Hysg (Joc. cit., pp. 141 and 143). 
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EXPERIMENTAL. 


One and a-half kilos. of a Durham bituminous coal, in pieces 
about 0°3 cm. cube, dried at 105°, were distilled in a vacuum at 
350° in the manner described by Burgess and Wheeler (this vol., 
p. 131). The temperature was maintained without interruption 
during ten days, at the end of which time gas had practically ceased 
to be evolved. The coal was allowed to cool, removed from the 
retort, well stirred, and replaced. Heating as before was then 
continued during seven days. 

The total amounts of tar, oil, and water collected were: 

Tar (No. 1 receiver) 
Oil (No. 2 receiver) 
Water (No. 2 receiver) 

The yield of tar and oils at 350° was thus 1°25 per cent. of the 
weight of coal used. 

The tar in No. 1 receiver had D}}0°9639. The aqueous solution 
obtained on washing this tar gave with ferric chloride the colour 
reaction characteristic of o-dihydroxybenzenes, probably due to 
catechol, a substance that has been found by Bornstein to exist in 
the tars obtained on coking coal at a low temperature. 

The oil in No. 2 receiver (which had been kept cool throughout 
the distillation by a solution of solid carbon dioxide in ether) had 
Di; 0°8358. This oil was not further examined separately, but was 
added to the tar in No. 1 receiver. The lower aqueous layer in 
No. 2 receiver was found to contain hydrochloric acid, as was the 
case in distillations of the same coal at 430°. 

On washing the mixed tar and oils with a solution of sodium 
hydroxide, their volume decreased by 17 per cent. owing to the 
removal of phenols. 

The mixture was washed successively with (1) a dilute solution 
of sodium hydroxide, (2) dilute sulphuric acid, (3) a solution of 
sodium carbonate, and (4) water; and, after having been dried over 
anhydrous magnesium sulphate, was distilled. The compositions 
and specific gravities of successive fractions of the neutral oils are 
tabulated below: 

2. Residue. 
250—300° esse 

0-9066 


Fraction. 


88-86 
10-71 


Carbon+hydrogen 100-19 99-57 


Fractions 1 and 2 were further examined. 
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Fraction 1 on being washed with concentrated sulphuric acid 
suffered a reduction in volume of 44 per cent., due to the removal 
of olefines. Treatment with fuming nitric acid and weak fuming 
sulphuric acid effected a further reduction in volume of about 
6 per cent., due, for the most part, to the removal of aromatic 
compounds. The oil remaining, after washing, drying, and distil- 
ling from sodium in a vacuum, had the following composition : 


Carbon+hydrogen.. 100-32 


Naphthenes, (C,H,,), require C=85°7; H=14°3 per cent. 
Fraction 2, treated in the same manner as fraction 1, suffered a 
reduction in volume of 56 per cent., due to the removal of olefines, 
and of 6 per cent., due to the removal of aromatic compounds. The 
residual oil contained : 


Carbon-+ hydrogen “94-99 
The presence of aromatic compounds (naphthalenes) was estab- 
lished by aspirating the vapour from the oils, when heated at 100°, 
through an aqueous solution of picric acid, when yellow crystals of a 
picrate were deposited. 


EsKMEALS, 
CUMBERLAND. 


CCXXXIX.—Photokinetics of Sodium Hypochlorite 
Solutions. Part I. 


By Lro SPENCER. 


Tue present paper is an account of the continuation of the investi- 
gation begun by W. C. McC. Lewis on the photokinetics of sodium 
hypochlorite solutions (T., 1912, 101, 2371), in which it was 
shown that the main reaction involved in represented by the 
expression NaClO —> NaCl+ 0. 

For greater convenience and accuracy the method of estimating 
the hypochlorite was carried out as follows: In order to diminish 
as far as possible any changes produced by the lowering of the level 
of the liquid in the reaction space, the amount of liquid titrated 
was limited to 10 c.c., which made it difficult to estimate the 
strength of the solution by arsenious oxide and starch-iodide paper. 
To 10 c.c. of the hypochlorite solution was added 0°02N-arsenious 
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acid in very slight excess, then 0°5 c.c. of a 1 per cent. starch 

solution, and 1 c.c. of a 10 per cent. solution of potassium iodide, 

the solution being afterwards titrated with 0°01N-iodide. The 

amount of iodine solution was generally less than 1 ¢.c.; thus errors 

due to evaporation of iodine were avoided, and a sharp end-point 

obtained. With free alkali or acid present, excess of sodium hydro- 

gen carbonate was added, it having been noticed previously that 

the end-point was but little affected by the 

| * latter or by sodium carbonate. Duplicate 

titrations were done at each determination, 

and the values obtained did not usually 

- differ more than 0°2—0°3 per cent. from 
each other. 


EXPERIMENTAL. 


As source of light the same uviol lamp 
was used throughout the work, and all the 
apparatus, except the outside vessel, was of 
uviol glass (see figure). The lamp was en- 
closed in a uviol sheath, which fitted fairly 
closely to it. This was held by small pieces 
of cork in a uviol cylinder (outside diameter, 
4°96 cm.), drawn out at the bottom to a 
narrower tube, which served as an inlet for 
a continuous stream of water, which left by 
a side-tube at the top, the object of the 
water stream being to keep the temperature 
constant. Around this was placed a second 
uviol cylinder (outside diameter 7°03 cm.), 
leaving a space of 0°93 cm. between them for 
canned the light-filter solution. On the outside of all 
was the reaction vessel (internal diameter 
9°80 cm.), providing a thickness of 1°39 cm. 
of hypochlorite solution. The bottom of this 
space was 1°5 cm. above the level of the mercury in the lamp, and 
its height 30 cm. when full. The hypochlorite solution was stirred 
continually by mechanical means. The solution was kept at 15°+1° 
unless otherwise stated.* The lamp was run off the 230-volt mains 
in series with a self-induction and resistance; 3°6 amperes were 
employed as a rule, corresponding with a potential drop of 32°5 
volts across the lamp. 


LUTTE TTT TIT yyy rrr yyy rr ttt 
r 


Litt TTITTTTrTrryyTyyryirritir tititt ty 


* This approximate constancy in temperature which would be quite too 
inaccurate for ordinary thermal reactions is in the present case sufficient owing to 
the very small temperature-coefficient (see later). 


HYPOCHLORITE SOLUTIONS. PART II. 2567 


Preliminary Test.—The first point determined was whether any 
appreciable disturbance was preduced by the level of the liquid 
falling (due to withdrawals of solution for titration purposes) 
during the course of an experiment. The rate of decomposition 
was measured, first with the reaction space full, and then only half 
full. The result was as follows: 


Reaction space full. Reaction space half full. 
Time. Concentration. k. Time. Concentration. k. 
0 47-69 — 0 47-69 — 
0-8 43-63 0:0458 1-0 42-94 0-:0455 
2-0 39-03 0:0435 2-0 39-05 0-:0434 
3-0 35°39 0-0432 3-0 35°33 0:0434 


The time is measured in hours from the commencement of the 
experiment. The concentration is that of the sodium hypochlorite 
expressed in c.c. of 0°05N-arsenious acid. & is the unimolecular 
constant 1/tlog,,a/a—z, where a is the initial concentration of 
the hypochlorite, and a—~ is the concentration at time ¢. When 
k is bracketed, thus [/], it represents the unimolecular constant 
calculated for the interval just preceding the measurement, the 
initial time and concentration being those of the previous reading, 
so [&] for the interval between ¢, and fz is: 

1 log a— 2, 
t, —t, va Ly 

In ordinary circumstances the fall in level did not amount to 
more than a quarter of the length of the reaction space, so com- 
paratively little error could have been introduced from this 
cause. 


Effect of Change of Concentration of the Hypochlorite Solution. 


In the previous paper it was found that for the first six hours or 
so the decomposition was fairly well represented by a unimolecular 
formula, it being noted, however, that there was a slight tendency 
for the constant to rise towards the end of that period. The new 
method of ‘analysis allowed the reaction to be followed over a 
much greater range of concentration, and as will be seen from the 
following figures the value began to rise very rapidly as low 
concentrations were reached. 


Time in Concentration 
hours in c.c. of 
from 0-02N- 
beginning. As,O3. k. [k.] 

0-0 30-77 —_— — 
3-0 21-93 0-0490 0-0490 
5-6 16-94 0-0505 0-0522 
8-5 10-57 0:0546 0-0627 

11-5 6-04 0-0612 0-0810 

15-5 1-91 0-0780 0-1250 

19-5 0-30 0:1027 0-2010 

22-0 0:04 0-:1401 0-3500 


a ee 
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Effect of Sodium Chloride. 


The sodium chloride produced by the decomposition of the hypo- 
chlorite might possibly have been responsible for this increase. 
In order to test this, common salt was added to a quantity of 
solution until its normality was about four times that of the hypo- 
chlorite present. It was found, however, that the velocity constant 
under these conditions had actually been slightly decreased. The 
results were as follows: 


Hypochlorite 0-080N + sodium 
Hypochlorite alone 0-08N. chloride 0-34N. 
Time. Concentration. k. Time. Concentration. k. 
0-0 44-71 — 0-0 44-21 — 
1-0 40-84 0-0393 1-0 40-66 0-0361 
2-3 35-66 00421 2-0 37-39 0-0364 
4-0 30-34 0-0421 3°5 32-69 0-0375 


In a parallel experiment the value of the constant was altered 
from 0°043 to 0°038 by the addition of the same quantity of sodium 
chloride. 

Thus the increase in the constant with time could not have been 
occasioned by the common salt produced in the reaction. 


Absence of Chemical Autocatalytic Effects. 


Other products possibly formed in small amounts in the decom- 
position might have had a tendency to accelerate the decomposition 
as they accumulated. In order to put this to the test, two solutions 
of the same concentration with respect to the hypochlorite were 
prepared, (a) one by photochemical decomposition of a more con- 
centrated solution, and (b) one by simply diluting with distilled 
water. If a catalyst were produced in the decomposition itself, then 
it ought to have been present in (a) and absent in (0d). 


(). (0). 
Prepared by decomposition. Prepared by dilution. 
Concentration. [k.] Concentration. [k.] 
21-5 0-059 22-68 0-057 
10-6 — 0-084 11-43 0-082 
6-0 0-120 5-47 0-130 


The equality in the value of the two rates indicated the absence 
of autocatalysis, which could not therefore account for the rise in 
value of the constant. As chemical changes in the reacting system 
itself appear to be excluded as the cause of the disturbance, it is 
necessary to ascribe it to alteration in the optical absorption which 
differs for various parts of the spectrum. This will be considered 
later, 
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Effect of Diminishing the Alkali Content. 


In the previous paper (Lewis, loc. cit.) it was found that the 
neutralisation of the small amount of alkali present in the solution 
was followed by an increase in the velocity of decomposition. 
Further experiments have shown that the addition of a small 
amount of hydrochloric acid increased the velocity, but that it soon 
began apparently to fall as more was added. The strength of the 
sodium hypochlorite solution was usually 0°075N ; the amounts of 
sodium carbonate and sodium hydroxide present at the same time 
were 0°0089N and 0°0053WN respectively. The following table con- 
tains the mean velocity constant & corresponding with a series of 
determinations over a time of exposure varying from two to three 
hours, varying amounts of hydrochloric acid being added at the 
commencement. 

Number of experiment 1 2 3 4 5 6 


Concentration of hydro- 
chloric acid added, 


expressed in equiva-; 0 00091 0-0171 0-0253 0-0379 0-0495 
lents per litre of the 
hypochlorite solution 

D cptanincsoscsinnuniianntons 0:0418 0-0510 0-0487 0-0437 0-0304 0-0250 


It would appear from the above that the maximum rate is 
reached when the solution is about neutral. The fact that the 
greatest normality of the acid added did not exceed 0°05 was due 
to the large amount of chlorine formed, which rendered the titra- 
tion values unsteady. The first action of the hydrochloric acid is 
naturally to neutralise the sodium hydroxide present in the solution 
as ordinarily supplied for bleaching purposes. Owing to the weak 
character of hypochlorous acid the sodium salt will be hydrolysed 
and the degree of hydrolysis will be much increased by the addi- 
tion of the hydrochloric acid. Apparently, therefore, the undisso- 
ciated hypochlorous acid molecule is less photosensitive than the 
ion. Continued addition of hydrochloric acid introduces complica- 
tions owing to the reaction between hydrochloric and hypochlorous 
acids. 


Effect of Increasing the Alkali Content. 


As free alkali was present in the original solution it was desirable 
to find its action on the decomposition. It was found, however, 
that sodium hydroxide, even in strength several times that of the 
hypochlorite, had only a small effect on the reaction. The effect, 
such as it is, represents a diminution in velocity as the alkali 
increases. 
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Hypochlorite 0-076N +- 


Hypochlorite 0-076N. sodium hydroxide 0-143N. 
Time. Concentration. k. Time. Concentration. k. 
0-0 47-20 “ve 0-0 38-26 ve 
0-5 45-09 0-0396 1-2 34-31 0-0394 
1-0 42-98 0-0406 1-7 32-79 0-:0398 
1-75 39-92 0-0415 2-0 31-84 0-0399 
3°25 34-57 0-0416 3-5 27-58 0-0408 


In a parallel experiment the value of the constant was altered 
from 0°0416 to 0°0400 by the addition of 0°358N-sodium hydroxide. 


Temperature-coefficient of the Reaction. 


The temperature-coefficient of the reaction was determined by 
observations * of the rates at 10° and 24°. 


L II. III. Mean. 
Bat 10° . 2.060. 0-0369 0-0360 0:0373 0-0367 
i ee 0-0388 0-0402 0:0397 0-0396 


The mean values give a temperature-coefficient of 1:06 for an 
interval of 10°. This is in agreement with many of the results 
obtained in other photochemical reactions. 


The Effects of Different Spectral Regions. 


In the foregoing experiments the light from the lamp was used 
directly. For quantitative examination, however, it is more impor- 
tant to investigate the effect of separate regions, The action of 
approximately monochromatic light was studied by employing 
Winther’s light filters (Zettsch. Hlektrochem., 1913, 19, 389), which 
transmit a known amount of light of a particular wave-length from 


the uviol lamp whilst absorbing all other lines. Assuming Beer’s . 


law to hold for the filters, the concentrations of the constituents 
were so altered that the same amount of light passed through the 
filter in the present apparatus as passed through the thickness 
used by Winther. In order to effect this, the concentration of the 
filter had to be altered in the inverse ratio of the two thicknesses. 
Since the thickness of the filter layer in the present experiments 
did not differ by a large amount from that of Winther, this applica- 
tion of Beer’s law was considered to be justifiable. Winther’s 
measurements were of considerable importance for the present 
investigation, since they constitute the only quantitative work on 
the spectrum of the uviol lamp available at the present time. 
Winther’s method is, however, not one of extreme precision. 

As a check, two experiments were carried out with water only 
in the filter space, one at the beginning of the series, the other 


* The temperatures of these measurements were kept constant to 0°5°. 
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at the end. The respective values were £=0°0411 and 0°0423, 
mean 0°0417. The regions examined corresponded with the lines 
578, 436, 405, 366, and 313 py. The results are as follows: 


1578. Plotnikov’s filter (isolating the yellow region). Filter trans- 
mits 80 per cent. of the line A578 (Plotnikov). 


Time in Concentration in c.c. of 

hours. As,O, solution. k. 
0-0 35-06 Zero (that is, no appreci- 
4-2 35-17 able change in con- 


centration). 


\ 436. Winther’s filter, transmitting 38 per cent. of line A 436. 


Time. Concentration. k. 
0-0 36-40 — 
1-3 36-01 0:00361 4 
1-8 35-85 366 
3:7 35-24 380 
4:7 34-96 372 
5-6 34:73 0-:00365 


\ 405. Winther’s filter, transmitting 34 per cent. of line A 405. 


P Time. Concentration. k. 
0-0 37-81 — 
1-7 37-21 0-:00412 
2-3 37-02 0-00400 
2-8 36-85 0-00400 


\ 366. Winther’s filter, transmitting 27 per cent. of line A 366. 


Time. Concentration. k. 
0-0 37-09 —— 
1-6 36-43 0:00482 q 
3°8 35-54 487 
5-3 35-05 462 
5-9 34-80 0-00469 


\ 313. Winther’s filter, transmitting 30 per cent. of line A313. 


. Time. Concentration. k. 
0-0 36-46 — 
1-3 36-23 0-:00208 
2-3 36-05 213 
4-3 35-06 224 
4:8 35-60 0:00217 


In general, the substitution of approximately monochromatic 
light in place of the entire spectrum yielded much more consistent 
' values for k. Duplicate experiments were carried out, and agreed 
well with those recorded. Mean values of both sets are employed 
in the summarising table. 
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The values of the concentrations in the above tables are the 
mean of three titrations. The results are summarised in the accom- 
panying table: 


I. II. Ill. tV. V. VI. VIlI. 
Per cent. Percent. Percent. 
A436 wu 38 0-00368 8-8 23-2 1-0 1-0 
A 405 34 0-00405 9-7 28-5 0-29 4-3 
A 366 27 0-00475 11-4 41-7 0-25 71 
A 313 30 0-00212 5-1 17-0 0-045 16-3 
Complete spectrum 100 0-0417 100° 
Total 110-4 


The wavelength is given in column I. Column II contains 
Winther’s values for the percentage of the line which passes through | 
the light filter. In column III are the values of the unimolecular 
constants directly observed with the light-filter in position. The 
last value in this column is the one observed with water only in 
the filter space. Column IV contains the values of the velocity 
constants of column III expressed as a percentage of the velocity 
when water only is present in the filfer layer. Column V contains 
the calculated amount of decomposition, that is, the velocity which 
would occur if the filter transmitted 100 per cent. of the line and 
kept back all the others completely. The rate is expressed as a 
percentage of the rate observed with water alone in the light-filter 
space. The relative intensities of the lines from the uviol lamp are 
given in column VI, being taken from the tables given by Winther. 
Column VII contains the relative rates of decomposition that would 
be produced if each line were of the same intensity and separated 
from the rest. 

These figures show that the fastest decomposition is effected by 
the wave-length A 366, at the intensity at which it is emitted from 
the uviol source. This statement is true not only when the results 
are calculated (column V) on the basis of 100 per cent. of the line 
passing through—as actually occurs, of course, when no filter is 
interposed—but also when no such calculation is made, the direct 
effect through the filter being measured (column IV). It should 
be noted, however, that A366 is not the most intense line of the 
uviol spectrum (compare column VI). The data in column VII 
show that if one calculates the velocity constants on the basis of 
one and the same intensity for all the lines of the spectrum, one 
obtains the result that the shorter the wave-length the greater the 
efficiency, that is, 4313 is more effective than A366. This is in 
agreement with the concept of the energy quantum (fv) and with 
the photochemical-equivalent law of Einstein, for the shorter the 
wave-length the greater the frequency, and hence the greater the 
size of a single quantum. ‘This uniformity in light intensity is, 
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however, not the actual state of things in the experiment itself. ~ 
In the actual case there is a well-marked maximum efficiency at 
\ 366, as shown by the figures in column V, due to the simultaneous 
operation of two effects, namely, the large intensity of this line in 
the lamp and the large absorbability of this region by the solution 
(the head of the absorption band of sodium hypochlorite lies in the 
region 200 un). The shortest wave transmitted by the uviol sheath 
is A290 wp (compare Lewis, Joc. cit.). As the wave-length increases 
beyond A366 the efficiency diminishes, so that on reaching A578 
(a yellow line) and using Plotnikov’s filter no chemical effect is 
observed at all. 

Returning to the data of column V it will be noticed that the 
sum of the effects of the various regions apparently exceeds by a 
small amount the total value of the lamp as a whole. The most 
reasonable explanation of this is that the filters not being perfect 
a certain amount of superposition and repetition of certain parts of 
the spectrum occurs. The result as it stands favours the view that 
the effects of different portions of the spectrum are simply additive, 
a conclusion already come to by Luther and Forbes (J. Amer. 
Chem. Soc., 1909, 31, 770). 

Owing to the absence of data on the absorption-coefficient of 
sodium hypochlorite solution for the various lines it is not possible 
at present te compare fully the effect of each line, and thus test 
Bruner’s hypothesis (Zeitsch. Hlektrochem., 1913, 19, 555), to be 
mentioned fn the next paragraph. 


Further Discussion of Results. 


If a substance in solution obeys Beer’s law, and if I, denotes 
the intensity of incident light of wave-length A, ¢ the concentra- 
tion, # the thickness of the layer, and m is a constant, namely, the 
absorption-coefficient depending only on the substance and wave- 
length, then the amount of light absorbed will be given by the 
expression I,,(l1—e-”¢"). In the paper of Luther and Forbes, 
referred to, the view has been put forward that the amount of 
chemical action is proportional to the amount of light absorbed by 
the solution, and is therefore given by the expression 

Shy Toa(1 - e~™°*), 
where &, is a constant for each wave-length of the incident light. 
Bruner’s hypothesis is equivalent to attributing the same value 
to k, whatever the wave-length. 

From the above “absorption” equation it follows that the effect 
of dilution on the rate of decomposition will be different according 
to the amount of absorption that the line undergoes. A line that 
is almost completely absorbed by a given thickness of, say, a centi- 
VOL. CV. 8 E 
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normal solution will naturally be still more completely absorbed 
by a decinormal solution. It follows that practically the same 
amount of optical absorption occurs in the two cases, that is, it is 
practically complete. If photochemical action depends on the 
amount of light absorbed, we would expect the same absolute 
amount of chemical decomposition in the two cases. This is borne 
out by the following experiments, using the line A313. The mean 
rate of decomposition of a solution initially 0°075N was found 
to be 0°185 c.c. per hour (reckoned in terms of the arsenious acid 
solution). A solution initially 0°013N was likewise found to have a 
mean decomposition value of 0°20 c.c. per hour, a quantity very 
nearly the same as the previous, although the absolute concentra- 
tion in the former case was approximately six times as great as 
in the latter. 

Strictly speaking, there should be no unimolecular constant 
obtainable in this case, since the law is not dz/dt=k(a—z), but 
dx/dt=k, For purposes of comparison, however, the values over 
short experiments were used for the calculation of a constant, 
although it will be clear from the two sets of values that as the 
decomposition progressed the unimolecular “constant” really 
rose.* 


Expt. (a). Initial concentration of |; Expt. (i). Initial concentration of 
sodium hypochlorite =0 075V sodium hypochlorite =0-013NV 
(approx.). (approx.) 
Time Concentration Uni- Time Concentration. Uni- 
in in ¢.e. molecular. in in c.c. molecular. 
hours. of As,QO. p hours. of As,O,. 
0-0 36-46 — 0-0 6-67 — 
1-3 36-23 0-00208 1:0 6-46 0-:0139 
2-3 36-05 213 1:5 6-37 133 
4:3 35-66 224 3°5 5-97 0-0138 
4-8 35-60 0-00217 


(The k of Expt. (6) indicates the value to which the & of 
Expt. (a) has risen when the decomposition has proceeded to a 
considerable extent.) 

On the other hand, if the amount of the line absorbed is small, 
then doubling the concentration will be accompanied by a doubling 
of the amount of light absorbed, and therefore a doubling of the 
actual quantity of substance decomposed. In this case the rate of 
decompositicn is proportional to the concentration of the solution, 
which is expressed by the equation for a unimolecular reaction 
dx|dt=k(a—zx). These conditions were found to be satisfied by 


* The comparison mentioned refers to the eftects produced by the other lines in 
all cases on solutions initially of approximately the same composition, namely, 
0-075N. 
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the line A 405 (which is only slightly absorbed), as the following 
results show: 


Expt. (c). Initial concentration of , Expt. (¢). Initial concentration of 


sodium hypochlorite=0-076N sodium hypochlorite=0-013V 
(approx. ) (approx.). 
Time ™ Time - 
in in 
hours. Titre. k. hours. Titre. k. 
0-0 37:81 a 0-0 6-71 — 
1-7 37-21 0:00412 1-5 6-63 0:00347 
2-3 37-02 400 3-4 6-51 382 
2-8 36-85 0-00400 4-2 6-46 394 
5-1 6-39 0-00412 


Although the constant in experiment (d@) is not particularly good 
it is not very different in value from that of experiment (c), that 
is, the constant is independent of the absolute concentration. In 
experiment (c) the change in the titration value is of the order 
0°35 c.c. per hour as a mean, whilst in (d@), the weaker solution, the 
rate is approximately 0°063 c.c. per hour. A comparison with 
experiments (a) and (6) illustrates the difference in behaviour in 
the two cases. These results are in agreement with Luther’s 
“absorption ” theory of the velocity of photochemical reactions. 

The gradual rise of the unimolecular constant with time observed 
when water only occupied the filter space is now explicable. The 
light from the lamp can be considered as made up of two sets of 
lines, the short wave-lengths which are weak in intensity but are 
strongly absorbed by the given thickness of solution, and the long 
wave-lengths of higher intensity, but weakly absorbed by the same 
thickness of solution. The effect of the long waves is greatest in a 
strong solution, but rapidly falls off (compare the line A 405 above). 
On the other hand, the effect of the short waves is fairly constant 
throughout. With both together the long waves are predominant 
at the outset, and their action is fairly well represented by the 
unimolecular formula dz/dt=k(a—«x). As the solution becomes 
more dilute, however, the short wave-lengths become more impor- 
tant, with the consequence that the value of the unimolecular 
“constant” begins to rise since their effect approximates to the 
case of the line A 313, where dz/dt=k rather than dxz/dt=k(a—~z) 
expresses the reaction. 


Note on the Influence of Light on the Bleaching of Linen 
by Sodium Hypochlorite. 


Two bands of opaque paper were fastened 3 cm. apart round the 
uviol lamp, which was enclosed in a uviol glass sheath. This was 
immersed in a jar of the hypochlorite solution, and a piece of 
unbleached linen was placed loosely around the lamp. After an 
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exposure of one to two hours, the portions of the linen exposed 
to the rays from the lamp were found to be slightly more bleached 
than the parts in the shadow. The light had therefore slightly 
accelerated the bleaching action. 


Summary. 


(1) The further investigation of the kinetics of the reaction 
NaClO—> NaCl+0O, using the mercury uviol lamp, has been 
carried out. 

(2) By employing Winther’s and Plotnikov’s filters various 
spectral regions have been examined and the relative photochemical 
efficiencies of these regions determined. 

(3) The results are in favour of Luther’s absorption theory of 
photochemical action. The general reaction equation may be 


written = = Dkylya(l — o- ™). 


For monochromatic light when the absorption-coefficient m is small 
the above equation reduces to dx/dt=constant x (a—«z), that is, 
apparently unimolecular ; when the absorption-coefficient m is large 
the equation reduces to dx/dt=constant, that is, a ‘‘zero mole- 
cular” equation. These relations have been verified in the case 
of the lines A 405 and A313 respectively. 

(4) The temperature-coefficient has been measured, and like the 
majority of photo-reactions is small. 

(5) When the photo-effects are reduced to one and the same 
intensity for the various lines it is shown that the shorter the 
wave-length the more effective is the decomposition, that is, the 
greater the velocity constant. Under actual conditions, however, 
the intensity of the lines differs with the result that A366 is more 
effective than A313. The latter is the shortest strong line measur- 
able with the uviol lamp. The head of the absorption band of 
sodium hypochlorite lies beyond this. Shorter lines will therefore 
be investigated with the help of quartz apparatus. 

(6) It has been found that the presence of light from the uviol 
lamp slightly accelerates the bleaching of linen by sodium hypo- 
chlorite. 


In conclusion, the author wishes to express his thanks to 
Professor W. C. McC. Lewis for suggesting and supervising the 
research. 


THe Muspratr LAsoratTory OF PHYSICAL AND ELECTRO-CHEMISTRY, 
Tue UNIvenrsiry OF LIVERPOOL. 


INTERNATIONAL ATOMIC WEIGHTS. 


Tue Council has ordered the following letter and report to be 
printed in the Journal and Proceedings of the Society: 


WHINFIELD, 
SALCOMBE, 
S. Devon. 
Sept. 18th, 1914. 


GENTLEMEN, | 
I have the honour to forward the Annual Report of the 
International Committee on Atomic Weights for 1915, which is 
submitted for publication in the Society’s Transactions and Proceed- 
ings, as hitherto. Some delay has occurred in presenting it owing ; 
to the disturbance of the postal arrangements on the Continent in 
consequence of the war, and to the illness of Professor Urbain. 
The Report deals with all the determinations of atomic weights 
which have been published since the issue of the preceding Report ; 
but, in accordance with the resolution of the Eighth International 
Congress of Applied Chemistry, no change in the official table of 
atomic weights will be made until after the meeting of the next 
Congress. It is recommended, therefore, that the table accompany- 
ing the Report for 1913 should be reprinted without alteration. 
I have appended the signatures of Professors Ostwald and 
Urbain as desired by them, subject to a qualification by the latter 
which he proposes to introduce in the French translation of the 
Report in connexion with the atomic weights of Ytterbium and 
Lutecium. 
I am, Gentlemen, 
Your obedient Servant, 
T. E. THorre. 
The Hon, Secretaries, 
The Chemical Society, 
London. 


Annual Report of the International Committee on Atomic 
Weights, 1915. 


The Council of the International Association of Chemical Socie- 
ties, with which the Committee on Atomic Weights is now 
affiliated, recommended, at its meeting in September, 1913, that 
the annual report of said committee should be published in 
August. The present report, therefore, is submitted in compliance 
with that recommendation, although delays due to the difficulties 
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of correspondence may sometimes prevent simultaneous publica- 
tion in all countries. 

Since the report for 1914 was prepared, a number of new atomic- 
weight determinations have been published. These may be briefly 
summarised as follows: 

Silver, Sulphur and Chlorine.—Scheuer (Arch. Sci. phys. nat., 
1913, [iv], 86, 381) dissolved pure silver in sulphuric acid, and 
collected and weighed the sulphur dioxide given off. The weighed 
sulphate was then converted into chloride by heating in a current 
of gaseous hydrochloric acid. Three ratios were thus determined, 
which gave the three desired atomic weights, independent of all 
former determinations. The results obtained are Ag=107°884, 
S=32°067, Cl=35°460. The value for silver is rather high; the 
other values agree with those generally accepted. 

Calcitum.—CEchsner de Coninck (Bull. Acad. roy. Belg., 1913, 
222) has determined the atomic weight of calcium by conversion 
of the carbonate into the sulphate. His final value is Ca=40°13. 

Barium.—Also redetermined by CEchsner de Coninck (Rev. gén. 
chim. pure appl., 1913, 16, 245). Barium carbonate was dissolved 
in nitric acid, and the carbon dioxide so evolved was weighed. 
The value found was Ba=137°36. 

Copper—Atomic weight determined by C£chsner de Coninck 
and Ducelliez (Rev. gén. chim. pure appl., 1913, 16, 122). Copper 
was oxidised by nitric acid, and the oxide was weighed. In five 
experiments they found Cu=63°523 to 63°605; in mean, 63°549. 
These atomic-weight determinations by Qichsner de Coninck are 
published in the briefest possible way, without any of the details 
that are commonly regarded as essential. How were the substances 
purified? Were the weights reduced to a vacuum ? 

Cadmium.—Quinn and Hulett (J. Physical Chem., 1913, 17, 
780) have redetermined the atomic weight of cadmium by electro- 
lysis of the chloride and bromide. In each series the cadmium was 
collected and weighed in mercury. From the chloride, with 
Cl=35°458, Cd=112°32. From the bromide, with Br=79°92, 
Cd=112°26. These values agree well with those previously found 
by Perdue and Hulett, and by Laird and Hulett, but are much 
lower than the value (Baxter’s) adopted in the table. The cause 
of the difference is yet to be satisfactorily explained, but it must 
be due to a constant error in one or the other of the methods 
employed. A change in the table would be premature. 

Mercury.—Taylor and Hulett (J. Physical Chem., 1913, 17, 
755) prepared mercuric oxide by heating pure mercury in oxygen. 
Weighed amounts of the oxide were then decomposed by heating 
it with metallic iron, and the mercury was collected and weighed. 


" °F Coat 
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From the data thus obtained, Hg=200°37. This, as in the case of 
cadmium, is lower than the recognised value, and its acceptance or 
rejection must await further evidence. 

Vanadium.—Atomic weight redetermined by Briscoe and Little 
(P., 1914, 30, 64; T., 1914, 105, 1310) from analyses of the 
oxychloride, VOCI,, The mean value found was V=50°950 but 
50°96 is preferred. 

Selentum.—Jannek. and Meyer (Zeitsch. anorg. Chem., 1913, 88, 
51) determined the atomic weight of selenium by oxidising Se to 
SeO,. The mean of ten experiments gave Se=79°140. 

The same constant was deduced by Bruylants and Bytebier 
(Bull. Acad. roy. Belg., 1912, 856) from the density of selenium 
hydride, SeH,. In four series of experiments, the weight of a 
litre of the gas at 0° and 760 mm. was found to be 3°6715 grams. 
For the weight of a litre of oxygen under the same conditions they 
found 1°4295 grams.* By the method of limiting densities, and 
with H=1'008, Se=79°18, which is near the value given in the 
table. 

Tellurium.—Dennis and Anderson (Jj. Amer. Chem. Soc., 1914, 
36, 882) purified tellurium by preparing the hydride, TeHs, from 
aluminium telluride, and condensing the gas to solid at the 
temperature of liquid air. From the hydride the metal was 
obtained by heating to 500°. Thirty-one conversions of Te thus 
prepared into TeO, gave in mean Te=127°6. Other determina- 
tions by a volumetric method gave a lower value, near 127°50. 
The authors conclude that the higher, hypothetical ‘“ dvitellurium ” 
does not exist. 

Scandium.—Lukens (J. Amer. Chem. Soc., 1913, 35, 1470) pre- 
pared scandium oxide from Colorado wolfram. By calcination of 
the sulphate to oxide he found Sc=44°59 and 44°77. The material 
was probably not quite pure. 

Yttrium.—Meyer and Weinheber (Ber., 1913, 46, 2672), by 
conversion of yttrium oxide into sulphate, found Yt=8875. By 
the reverse process they found Yt=88°74. Corrected to a vacuum, 
this becomes 88°70. 

Ytterbium and Lutecium.—Atomic weights reinvestigated by 
Auer von Welsbach (Monatsh., 1913, 34, 1713). For ytterbium 
(aldebaranium) he found Yb=173'00. For lutecium (cassiopeium), 
Lu=175°00. 

TIridium—Holzmann (Sitzuwngsber. phys.-med. Soz. Erlangen, 
44,84) made four reductions of the salt (NH,),IrCl, in hydrogen, 
and found Ir=193°42. This is higher than the accepted value, 
and not conclusive enough to justify a change. 


* According to Germann (Compt. rend., 1913, 157, 926), the normal litre of oxygen 
weighs 1-42900 grams. 
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Helium——Heuse (Ber. Deut. physikal. Ges., 1913, 15, 578), in 
seven determinations of the density of helium, finds the weight of 
a normal litre to be 0°17856 gram. Hence, by the method of 
limiting densities, He = 4°002. 

Neon.—From two determinations of the density of neon, Leduc 
(Compt. rend., 1914, 158, 864) finds Ne=20. 

No changes of serious importance seem to be needed in the 
atomic-weight table. Possibly the values for yttrium, ytterbium, 
helium, and neon should be changed, but such action may well be 
deferred until next year. Some experiments by Richards and Cox 
(J. Amer. Chem. Soc., 1914, 36, 819) on the purity of lithium 
perchlorate also suggest a possible lowering in the atomic weight 
of silver, namely, from 107°88 to 107°871. 

(Signed) F. W. CrarKke. 
W. OstTwaLp. 
T. E. THorPe. 
G. URBAIN. 


Note.—Since this report was finished and approved, Professor 
Urbain has informed us that, jointly with M. Blumenfeld, he has 
re-determined the atomic weight of neoytterbium with great care. 
The earth was subjected to many fractionations, and each fraction 
was studied magnetically and spectroscopically. The value found 
for the atomic, the mean of thirteen determinations, was 173°50. 
He suspects that the ‘“‘aldebaranium” studied by Auer von Wels- 
bach contained an element of lower atomic weight, probably 
thulium. Urbain’s paper will be published in the near future, 


perhaps before this report appears. F. W. C. 
T. &. TF. 
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CCXL.—Catalysis. Part XVIII.* The Reactions of 
Both the Ions and the Molecules of Acids, 
Bases and Salts: The Reactions of Alkyl Halowds 
with Phenoxides and Ethoxides. 


By Joun Hanston SHROoDER and SoLtomon Farry ACREE. 


Tue two recent papers by Segaller (T., 1913, 103, 1154, 1421) on 
the action of alkyl haloids on sodium phenoxide show that the 
reaction-velocity increases with dilution, the formula 
K,=K,+alog V, 

used by Hecht, Conrad, and Briickner (Zettsch. physikal. Chem., 
1890, 5, 289), applying equally well to Segaller’s results. Ever 
since the brilliant work of Arrhenius on the ionic theory, and of 
Ostwald on the relation between the ionisation of acids and their 
activity in ester catalysis, inversion of sucrose and hydrolysis of 
acetamide, chemists generally, Kahlenberg (J. Physical Chem., 
1901, 5, 339; 1902, 6, 1) especially, Michael (Amer. Chem. J., 
1910, 48, 322) and Armstrong being notable exceptions, have 
believed that only ions enter appreciably into chemical transforma- 
tions. Even the known “deviations from the ionic reactions,” 
especially those produced by added salts, were thought to be due 
to a change in the ionic reaction by the salts themselves. As it 
was pure chance that Arrhenius and Ostwald worked with reactions 
in which ions are chiefly concerned, and as the “deviation from 
the ionic reaction” or “salt catalysis” observed by them could 
be partly or wholly due to the reactions of the non-ionised electro- 
lytes, the workers in this laboratory have since 1905 been using 
the theory that both the ions and molecules of acids, bases and 
salts, must in all cases be examined for activity. Johnson and 
Acree in 1907 (Amer. Chem. J., 37, 410; 38, 258) brought out 
this idea clearly for salts, and in 1908 Shadinger and Acree wrote: 
“We are studying the problem whether acids, bases and salts enter 
into these reactions through their ions or molecules, or both.” 
Besides the discussion of “salt catalysis” (zbid., 1908, 39, 230), 
we gave the equation (bid., p. 228) dx/dt=K,,,,,a(A —2)* for the 
reactions of the ions, as Arrhenius, Ostwald, and all others since 
them have done, and then gave (ibid., p. 228) the equation 
dxz/dt=K' .,..,,(1—a)(A —)® for the activity of the “ undissociated 
acid, base or salt,” this idea and equation being the first new 
contribution to the theory of chemical reactions and the cause of 


* For references to the earlier pape*s see Amer, Chem. J., 1918, 49, 474. 
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the “‘ deviations from the ionic reactions” or “ salt catalysis’ since 
Arrhenius’ brilliant work in 1885. Before the American Chemical 
Society in Baltimore, in December, 1908 (Science, 30, 624), one 
of us stated that: ‘“‘We see, then, that the question whether the 
anion or cation (simple or complex) or the molecular form of a 
given acid, base, salt or other neutral substance, is the chief con- 
stituent transformed directly into the end products depends 
entirely upon the relative magnitudes of the various constants, and 
therefore varies widely in the different problems.” Our work 
(Amer. Chem. J., 1912, 48, 352; 1913, 49, 116, 127, 345, 369, 474, 
and earlier papers) has now shown that this new idea of the 
activity of non-ionised electrolytes is fully as important for 
chemical reactions as the idea that ions are active. To express 
reaction-velocities completely, we must use the equation 
Ky =(Kia+ Kn(1—a) [1 + (/)C sai). 

The second term on the right side of the equation represents a 
factor for “salt catalysis,” and the first term gives the activity of 
the ions and molecules in normal solutions having the ionisation 
a and the velocity K,. This theory has been found to hold in 
about thirty reactions studied by us in concentrated solutions 
(NV /1 to V/32), as well as in ideal solutions (V/32 to V/2048), the 
work involving the three most important classes of chemical 
changes, namely, metathesis, pure catalysis and intramolecular 
rearrangement. By this theory we have been able to reinterpret 
the older work of Arrhenius, Ostwald, Conrad and his co-workers, 
Koelichen, Tubandt, Stieglitz, Bredig, Goldschmidt, Holmberg, 
Senter, Walker, van Dam, Blanksma and Segaller as reactions of 
both ions and molecules, instead of ions alone. The theory has, 
furthermore, now been accepted and used by Arrhenius (Taylor 
and Arrhenius, Medd. K. Vetenskapsakad. Nobelinst., 1913, 2, 
Nos. 34, 35, 37), Stieglitz (7. Amer. Chem. Soc., 1912, 34, 1687, 
1688, 1689, 1690, 1694; 1913, 35, 1774), Dawson (T., 1913, 108, 
2135 ; this vol., p. 1093), Goldschmidt (Zettsch. Hlektrochem., 1909, 
15, 6; Zeitsch. physikal. Chem., 1910, 70, 627), Bredig (Zeitsch. 
Eiektrochem., 1912, 18, 535, 543; Zeitsch. physikal. Chem., 
1913, 85, 129, 170, 211), Holmberg (Zettsch. physikal. Chem., 
1913, 84, 451, 468, 469), Biddle (J. Amer. Chem. Soc., 1914, 36, 
99, and earlier papers), Kilpi (Zettsch. physikal. Chem., 1913, 86, 
427, 644), and Worley (Phil. Mag., 1914, [vi], 27, 459), and bids 
fair to become generally useful in all reactions involving 
electrolytes. 

Segaller studied the reactions of WV /2-sodium phenoxide with a 
number of different alkyl haloids at 42°5° in order to measure 
their relative chemical activities. Fortunately, he investigated the 
8 F 2 
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action of n-propyl iodide on varying concentrations of sodium 
phenoxide, and it is this work that interests us at present, as it 
extends our series of investigations with methyl and ethyl iodides 
at 25° and 35°. Lack of time alone is all that has prevented us 
from using all the other alkyl haloids in our work on the phen- 
oxides, ethoxides, and urazoles. We have now extrapolated 
Segaller’s data to obtain the reaction-velocities for solutions exactly 
N/2, N/4, N/10, and V/20, and have found by the use of our 
equation, K, = K,ja+ K,(1—a), that his data harmonise excellently 
with ours and with our theory, both the phenoxide ions and the 
non-ionised sodium phenoxide seeming to react with n-propyl 
iodide, as follows: 
C,H,I+O0C,H, —> C,H,0°C,H,+1; 
C,H,I + NaO-C,H, —> C,H,"0°C,H; + Nal. 

The following tables show the values of X; and Km obtained by 
us from our own work on methyl and ethyl iodides and sodium, 
potassium, and lithium phenoxides at 25° and 35°, and from 
Segaller’s work at 42°5°. Because of larger experimental errors, 
the values of K; do not agree as well at 35° as at 25°. The values 
of a used by us in recalculating Segaller’s data were obtained by 
extrapolation of H. C. Robertson’s data for sodium phenoxide at 
0°, 25°, and 35°. It is seen that the ratio K;/K, for both methyl 
iodide and ethyl iodide and sodium phenoxide is from 5 to 6 at 25° 
and 6 to7 at 35°, whilst for propyl iodide it is about 17 at 42°5°, 
and the reaction is almost purely ionic in solutions more dilute 
than N/50. The value for KX; for the phenoxide ion and methyl 
iodide is about five times as large at 25° and 35° as that for 
ethyi iodide, which in turn is about three times the value for X; 
found for the phenoxide ion and propyl iodide at 42°5°. 


Temperature, 25°. 


Ki. Kn. 
Sodium phenoxide and methyl iodide ... 0-0282 0-00477 
Potassium - 6 - ” 0-0283 0-00370 
Lithium - - - aad 0-0287 0-00393 
Sodium phenoxide and ethyl iodide ... 0-00551 0-000987 
Potassium __,, * % %9 oes 0-00518 0-001011 
Lithium a + 29 99 nee 0-00534 0-000910 
Temperature, 35°. 
Sodium phenoxide and methyl iodide ... 0-0909 0-01310 
Potassium ,, ai - - = 0-1036 0-00983 
Sodium phenoxide and ethyl iodide ... 0-0183 0-00323 
Potassium __,, - - » 0-0197 0-00270 
Lithium “ ‘a a a ror 0:0174 0-:00319 


Temperature, 42°5°. 
Sodium phenoxide and propyl iodide ... 0-0128 0-000753 


carillon ind = wren 
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Our chief interest in Segaller’s work and that of Hecht, Conrad, 
and Briickner lies in the fact that the change in Ky with dilution 
follows the equation K,=K,+alogV, as written by Hecht, 
Conrad, and Briickner. A more general form is 

K',,— Ky=alog (V'/V), 
in which K’, and Ky represent V/Ky, and VKy,, the reaction- 
velocities for the concentrations 1/V’ and 1/V, as used in our 
former papers. This equation is purely empirical, has never been 
given any scientific foundation, and it does not involve the chang- 
ing ionisation of the ethoxide or phenoxide, because Hecht, 
Conrad, and Briickner did not consider the possibility of the 
ionisation of the sodium ethoxide or phenoxide, but spoke of all 
these substances as non-electrolytes, or “nichtleitende Ké6rper.” 
We have therefore interested ourselves in determining why this 
simple equation holds so excellently, as it undoubtedly does, for 
all the work of Hecht, Conrad, and Briickner, Segaller, and for 
that part of ours to which we have applied it. 

When we write Conrad’s equation as (1) K’,—K,=alog(V'/V), 
and two of our simultaneous equations as (2) Ky=Kja+K,»(i—a) 
and (3) K’/,=Kj,a!+ Kn(1—a’), and subtract (2) from (3), we get 
(4) K’y—Ky=(Ki-Km)(@!—a). By comparing equations (2) and 
(4) we get (5) K’y—Ky=alog(V'/V)=(K;—K,)(a'—a), and 

: _ (Ki - Km)(a’ - a) _ R’y~ Ky 
from this (6) a = iog(V'/V) and (7) a@ = WIUdLs} The 
alog (V'/V) of Conrad’s equation (1) has a scientific basis, there- 
fore, only if equation (6) actually gives “constants” for a. We 
have recalculated Segaller’s work, and Dr. W. A. Taylor has that 
of Hecht, Conrad, and Briickner, and we have also applied these 
equations to much of our own work; we find that equations (6) 
and (7) hold excellently within the experimental errors. Of 
course, the central point hinges on the validity of the relation 

a-a 
log (V/V) 
more concentrated solutions of a number of electrolytes to which 
we have applied it, whether the electrolyte obeys the Ostwald 
dilution law or is too ‘“‘strong” to do so. This equation cannot 
hold for all concentrations, because the ratio V’/V keeps on 
increasing after complete ionisation is reached, whereas a/—a then 
remains constant. We are investigating all these relations fully, 
and extended reports on the work of Segaller, and of Hecht, 
Conrad, and Briickner, will soon be published by Dr. J. H. Shroder 
and Dr. W. A. Taylor. 

It is seen in tables VI of both sections of the experimental por- 
tion that both equations (6) and (7) give very good constants for 


= K, an empirical equation that holds very well in the 
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a, the two values, 0°00265 and 0°00269, for sodium phenoxide and 
i propyl iodide at 42°5° agreeing better than the values 0°0247 and 
0°02594 for sodium ethoxide and methyl iodide at 24°. It is seen 
in tables VII of both sections that the values for “ Ky, calculated” 
agree well with those for “ X, found.” 
; It is thus seen that the empirical relation 
K', — Ky =a log (V'/V) 
used by Hecht, Conrad, and Briickner, and by Segaller, and the 
| relation K’,=Ky observed by Bredig (Zeitsch. Elektrochem., 1904, 
j 10, 582),. Tubandt (Annalen, 1905, 389, 41; 1907, 354, 259; 
1910, 377, 284), Steger (Rec. trav. chim., 1899, 18, 13, 41), and 
by McCombie and Scarborough (this vol., p. 1304), and Myers and 
Acree (Amer. Chem. J., 1912, 48, 358; 1913, 49, 144, 367), and 
the salt-catalysis equation, K,= K,;a+K,a?, or its equivalent, used 
by Arrhenius, Spohr, Euler, Stieglitz and others, are all special 
cases that can be converted into our general equation 
Ky=[Kiat+ Km(1—a)][1+ fC], 
involving the reactions of both the ions and the non-ionised forms 
of acids, bases, and salts. 


Interaction of Sodiwm Phenoxide and Propyl Iodide at 42°5°. 
TaBLeE I. 


K,, Found for Sodiwm Phenoxide and Propyl Iodide at 42°5°. 


Concentration Concentration 
of sodium of sodium 
phenoxide. phenoxide. 
Ky. Ky average. V. Ky. Ky average. 
2 0-00280 10 0-:00480 
0-00293 0-00475 0:-00478 
0-00305 20 0-00552 
0:00309 0-00297 0-00571 0-00562 
4 0:00369 


0-00371 0-00370 


TasLeE IT. 


Tonisation of Sodium Phenowide at 42°5°. 


| V. a. 1l—a. 
: 2 0-1826 0-8174 

4 0-2400 0-7600 
10 03265 0-6735 


20 0-4065 0-5935 


INNSNN 


ti i ttt 


— w= H DO DO bO 


Oe 


_ 


tore 
oo to 


Concentration of 
sodium phenoxide 


bud ded 
ti ie tl 


— mm bob bo 


SD oo co oo co oe 


V 
V 
V 
V 
V 
V 


SINISIIS 


NS 
S 


: V=4 

: V=10 
: V=20 
:V=10 
V=20 
: V=20 


Average 


SHRODER AND ACREE: CATALYSIS. PART XVIII. 2587 


TaB_eE IIT. 


K; and K,, Found for Sodiwm Phenoxide and Propyl Iodide 


at 42°5°. 

K;. Ye 
0-01337 0-000648 
0-01325 0-000673 
0-01264 0-000809 
0-01319 0-000704 
0-01246 0-000932 
0-01185 0-001364* 
0-01280 0-000753 


* This value was omitted. 


TaBLE IV. 


K,, Calculated and Found for Sodium Phenoxide and Propyl 


Iodide at 42°5°. 


Ky. 
0-00297 
0-00370 
0-00478 
0-00562 


Ky calculated. Error, per cent. 


0-00295 +0-7 

000364 +1-6 

000469 +1-9 

0-00565 —0°5 
TABLE V. 


Per Cent. of Reaction Due to Ions and to Molecules. 


Per cent. of reaction Per cent. of reaction 
due to a K;. due to (l—a)K,,. 
79-14 20-86 
84-40 15-60 
89-10 10-90 
92-09 7-91 
TasLe VI. 


Average 


“a” Found for Sodium Phenozide and Propyl Iodide at 42°5°. 


a= Kx—Kx q — (Ki—Knm) (2'—2) 

log(V’/V) log(V'/V) 
0-002425 0-002297 
0-002589 0002480 
0-002650 0-002698 
0002713 0-002618 
0-002746 0002870 
0-002789 0:003205 
0-00265 0:00269 
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V. K, found. 
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TasBLE VII. 


K,, Found, Ky Calculated [obtained by using “a” in the Equation 


K’, =K,y +a log (V'/V)], and Percentage Error. 
Ky calculated. Error in K, calculated. Error, 


for a=0-00265. per cent. for a=0-00269. per cent. 


2 0-00297 0-002970 0-00 0-00297 0-00 
4 0-00370 0-003767 —1-77 0-00378 —2-11 
10 0-00478 0-004820 — 0-83 0-00485 — 1-50 
20 0-00562 0-005620 0-00 0-00566 — 0-70 


Interaction of Sodium Ethoxide and Methyl lodide at 24°. 


TABLE I. 


K,, Found for Sodium Ethoxide and Methyl Iodide at 24°. 


Concentration of Concentration of 
sodium ethoxide ; | sodium ethoxide x. 
1 0-05512 20 0-08696 
2 0-06276 40 0-09448 
5 0-07182 . 80 0-1022 
10 0-07950 
TasBLeE II. 
Tonisation of Sodium Ethoxide at 24°. 
- a. l—a V. a. l—a 
1 0-1470 0-8530 20 0-5075 0-4925 
2 0-2346 0-7654 40 0-6040 0-3960 
5 0-3335 0-6665 80 0-:7030 0-2970 
10 0-4170 0-5830 
TaBLeE III. 
K; and K,, Found for Sodium Ethoxide and Methyl Iodide at 24°. 
V. K;. ; am 
V= 1:V= 2 0-1294 0-04230 
V= 1:V= & 0-1215 0-04194 
V= 1: V=10 0-1312 0-04184 
V= 1: V=20 0-1304 0-04212 
V= 1: V=40 0-1284 0-04244 
V= 1: V=80 ()-1274 0-04264 
V= 2:V= 5 0-1328 0-04126 
V= 2: V=10 0-1330 0-04122 
V= 2: V=20 0-1306 0-04194 
V= 2: V=40 0-1281 0-04260 
V= 2: V=80 0-1273 0-04296 
V= 5: V=10 0-1331 0-04114 
V= 5: V=20 0-1297 0-04280 
V= 5: V=40 0-1276 0-04386 
V= 5: V=80 0-1267 0-04434 
V=10: V—20 0-1275 0-04510 
V=10: V=40 0-1262 0-04608 
V=10: V=80 0-1258 0-04630 
V=20: V=40 0-1253 0-04740 
V=20: V=80 0-1255 0-04726 
V=40: V=80 0-1256 0-04700 
Average 0-1287 0-04354 
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TABLE LV. 
K,, Calculated and Found for Sodium Ethozide and Methyl 
Iodide at 24°. 
Ky. Error in | Kye Error in 
V. Ky.  caleulated. percent. | V. Ky. calculated. percent. 
1 0-:05512 0-05605 — 1-68 20 = 0-08696 0:08676 +0-23 
2 006276 0-06352 —1-21 40 0-09448 0-09498 — 0-52 
5 0-07182 0-07194 —0-16 | 80 0-1022 0-1034 —1-17 
{ 10 007950 0-07905 +057 | 
TABLE V. 
Per Cent. of Reaction Due to Ions and to Molecules. 
Concentra- Per cent. Per cent. 'Concentra- Percent. Per cents 
tion of of reaction of reaction tion of of reaction of reaction 
sodium due to due to | sodium due to due to 
ethoxide. aK;. (l—a)K,,. | ethoxide. aK;. (1—a)Ky».- 
1 33°75 66-25 | 20 75:28 24-72 
2 47-53 52-47 | 40 81-84 18-16 
5 59-66 40-34 80 87-51 12-49 
10 67-89 32-11 
TaBLE VI. 


“a” Found for Sodium Ethoxide and Methyl Iodide at 24°. 


V= 1:V= 2 

V= 1:V= 5 

V= 1: V=1¢ 

V= 1: V=20 

V= 1: V=40 

V= 1: V=80 

V= 2:V= 5 

= 2: V=10 

= 2: V=20 

‘ V= 2: V=40 
| V= 2: V=80 
= 56:V=10 
; = §: V=20 
V= 5: V=40 

q V= 5: V=80 
| V=10: V=20 
; V=10: V=40 
| V=10: V=80 
| V=20: V=40 
V=20: V=80 

V=40: V=80 


Average 


Pe san Ky, 
log (V’/V) 
0-02538 
0-02388 
0-02438 
0-02447 
0-02456 
0-02474 
0-02276 
0-02393 
0-02420 
0-02438 
0-02431 
0-02551 
0-02515 
0-02509 
0-04523 
0-02478 
0-02488 
0-02513 
0-02498 
0-02531 
0-02564 


a= 


0-02470 


a _(Ki—Kn) (a’—a) 


log (V‘/V) 
0-02478 
0-02271 
0-02299 
0-02359 
0-02851 
0-02921 
0-02116 
0-02221 
0-02729 
0-02837 
0-02923 
0-02328 
0-02461 
0-02550 
0-02622 
0-02560 
0-02944 
0-02697 
0-02730 
0-02768 
0-02800 


0-02594 
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TaBLE VII. 


K, Found, K, Calculated {obtained by using “a” in the Equation 
K’y=Ky+a@log(V’/V)], and Percentage Error. 


K,, calculated K,, calculated 

x. for Error, for Error, 

V. found. a=0-02470. percent. a=0-02594. percent. 
1 0-05512 0-05458 +0-99 0-05372 + 2-60 
2 0:06276 0-06199 +1-24 0-:06150 +2-01 
5 0-07182 0-07182 +0-00 0-07182 0-00 
10 0-07950 0-07948 +0-03 0-07963 —0-16 
20 0-08696 0-08669 +031 0-08743 —0-54 
40 0-:09448 0-09412 + 0-36 0-:09524 —0-79 
80 0-10220 0-10159 +0-59 0-10305 —0-81 


Conclusions. 


(1) It has been shown that the work of Hecht, Conrad, and 
Briickner on the interaction of methyl iodide and sodium ethoxide 
at 24°, and that of Segaller on the interaction of n-propyl iodide 
and sodium phenoxide at 42°5°, harmonises with our own work 
along these lines. Their data give constants for K; and K», when 
substituted in the equation K,=KXja+KX,(1—a), and furnish 
excellent evidence that both the ethoxide and phenoxide anions, as 
well as the non-ionised sodium ethoxide and sodium phenoxide 
molecules, react with the alkyl haloids. The values K;=0°1287 
and K,=0°04354 are found for methyl iodide and sodium ethoxide 
at 24°, whereas AK,;=0°0128 and XA,,=0°000753 are found for 
sodium phenoxide and propyl iodide at 42°5°. 

(2) Hecht, Conrad, and Briickner, and Segaller, found that the 
reaction-velocities can be expressed accurately by the equation 
K'y=Ky+alog(V'/V), an equation which does not take into con- 
sideration the changing values of the ionisation of the ethoxides 
and phenoxides. We have found that this equation harmonises 
with our theory and the equation K,y=Kja+K,(l—a), because 
of the fact that the changes in volume, ionisation, and reaction- 
velocity correspond closely with the equations 

ow Be *, . Fae 8 
tog (V'/V) log (V/V) 


We are indebted to the Carnegie Institution of Washington for 
aid in this work. 


Jouns Hopkins UNIVErsitTy, 
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CCXLI.—The Limits of Inflammnability of Mixtures 
of Methane and Air. 


By Maurice Joun Burcess and Ricuarp VERNON WHEELER. 


In a recent communication (this vol., p. 1859) Coward and Brinsley 
suggested that “inflammability must be regarded as a specific 
property, either present or absent, of any given gaseous mixture 
under definite conditions of temperature and pressure”’ (p. 1884) ; 
“independent of the shape and size of the vessel containing it, and 
independent also of the nature of the means used for ignition in 
the first place” (p. 1861). 

On the basis of this definition, a “criterion” of inflammability 
was put forward, which, stated briefly, demands that the true 
“limit-mixture” must be regarded as that in which flame can be 
propagated upwards—indefinitely. 

It is well known that mixtures of methane, for example, and air 
have different limits of inflammability, both higher and lower, 
dependent on the direction in which the flame has to travel.* 
Coward and Brinsley were probably led to their choice as to what 
constitutes a true ‘“limit-mixture” by consideration of the fact 
that a smaller percentage of inflammable gas is required (they 
deal only with the lower-limit) for upward than for downward 
propagation of flame, and by the belief that the experimental condi- 
tions specified by them disclosed the least quantities of the com- 
bustible gases, hydrogen, methane, and carbon monoxide, that are 
capable of forming with air mixtures in which self-propagation of 
flame can take place. 

It does not seem to us desirable so to restrict the use of the term 
“limit-mixture.” The most important industry in which knowledge 
of the limits of inflammability of gaseous mixtures is required is 
coal-mining. The occurrence of fire-damp in mines constitutes, as 
is well known, one of the gravest dangers to the industry; not so 
much, it is believed, because of the possibility of widespread explo- 
sions taking place in firedamp and air mixtures extending through- 
out the workings, modern legislation regarding the ventilation of 
mines having rendered such occurrences exceedingly unlikely, but 
because a local accumulation of fire-damp, forming an explosive 
mixture with the air, may become ignited and transmit flame to 

* This fact has been emphasised by Professor Enrique Hauser in a brochure 
entitled ‘‘Legons sur le grisou” (Madrid, 1908). Hauser has summarised the 


different results given by various experimenters for the limits of inflammability of 
methane-air mixtures, and has offered an explanation of the differences. 
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any fine coal dust that may be deposited on the roadways, and so 
produce a widespread coal-dust explosion. 

Legislation has attempted to deal also with this danger, by 
stipulating that frequent analyses shall be made of the air of the 
mine roadways and workings, and precautions taken to prevent 
the percentage of methane contained in the air from exceeding a 
certain minimum. Despite precautions, accumulations of fire-damp, 
usually néar the roof, sometimes occur; and, should sufficient fire- 
damp mingle with the ventilating current and by some mischance 
encounter a sufficiently intense source of heat, what is technically 
called a “local ignition” may occur. In the majority of cases 
no damage or loss of life is caused by these “local ignitions,” 
which usually take the form of a slowly-moving flame near the 
roof. 

Such cases of the propagation of flame in fire-damp—air mixtures 
are those most frequently reported. It will be realised that the 
danger lies in the existence, over a considerable length of roadway, 
of a mixture in which a flame can travel horizontally. A similar 
danger arises when, as has been known to happen, a fall of part 
of the roof liberates, and distributes in the ventilating-current, a 
quantity of firedamp that has accumulated in cavities above the 
roof. 

A uniform inflammable mixture of firedamp and air rarely 
occurs throughout any considerable area of a coal mine, but there 
is an instance when a disused heading (or cul-de-sac), in which the 
air was practically stagnant, was slowly fed with fire-damp issuing 
from the neighbouring strata until, when the fact was discovered, 
the whole heading had become uniformly filled with a mixture 
containing 6 per cent. of methane. It has sometimes happened, 
also, that the slow ventilating current travelling through a road 
leading from a goaf (or worked-out place) has been found to be an 
inflammable mixture, uniform in composition throughout its 
extent. In such cases the dangerous “limit-mixtures” are such as 
will allow of self-propagation of flame throughout the whole 
mixture, whether ignition occurs at the roof, floor, or centre of the 
roadway. 

The firedamp of British mines consists of methane mixed with 
varying proportions of nitrogen; also, carbon dioxide, traces of 
carbon monoxide and ethylene may be present, and, occasionally, 
traces of ethane have been detected. 

This paper records the results of determinations of the higher- 
and lower-limits of inflammability of mixtures of pure methane 
with air, and shows how the compositions of the limit-mixtures 
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Flame travelling horizontally in a 5°4 per cent. methane-air mixture. The direction 


in which the flame is moving is indicated by the arrow. 


Fic. 1. Fic. 3. Fic. 4, 


Diagrams illustrating the pussage of flames in closed tubes. 


Fig. 1.—Flame travelling upwards in a 5*4 per cent. methane-air 
misture. Figs. 3 and 4.—Two stages in the progress of flame 
downwards in a 6°0 per cent. methane-air mixture. Fig. 3, appear- 
ance while descending through the first metre; Fig. 4, appearance 
while descending throwgh the second imetre. 
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differ, dependent on the manner in which ignition is effected.* 
These results are as follows: 


/ Methane, per cent. 
Lower limit. Higher limit. 
Central ignition in large globe......... 5-6 14-8 
Vertical tube, closed at both ends: 
(a) Ignition at bottom * ............ Not less than 5-40 Not more than 14-8 | 
(6) Ignition at top F...........ceseee. 6-0 13-4 
Horizontal tube, closed at both ends: 


J 5-4 (flame travels only | 
along top of tube) 


14-3 
| 5-6 (methane all burnt) | 


Ignition at one end ............ 
* Coward and Brinsley obtained what aj peared to be a self-propagating flame in 
one mixture containing, according to analysis, 5°3 per cent. of methane. They were 
unable to repeat the experiment. 
+ The determinations made by Hauser (Joc. cit.), using the Le Chatelier burette 
(downward propagation of flame), were: lower-limit 6°05 per cent ; higher-limit | 
13°35 per cent. methane. Hauser obtained pure methane from aluminium carbide. 


The manner in which the flame travels in the different mixtures 
is by no means the same, and an attempt has been made to indicate | 
the mere striking differences by diagrams. Fig. 1 represents the | 
flame travelling upwards in a closed tube (6 cm. in diameter) con- 
taining a 5°4 per cent. methane—air mixture, and Fig. 2 the flame 
travelling horizontally in a like mixture. Figs. 3 and 4 illustrate 
two stages in the progress of the flame downwards in a closed tube 
through a mixture containing 6°0 per cent. of methane. 

When an electric spark is passed at the bottom of a closed vessel 
containing methane—air mixtures with 5°0, 5°1, 5°2, etc., per cent. 
of methane, flares of flame are produced which travel distances 
increasing with the percentage of methane, until with 5°4 per cent. 
of methane present the distance of travel reaches 2 metres in a 
tube 2 metres long. It is possible that the flame in a 5°4 per cent. 
mixture might travel upwards more than 2 metres; it might travel 
indefinitely, and, on the other hand, it might die out after a 
distance of 3 metres or less. Since it is obviously impossible to 
make a crucial experiment to test this point, it must suffice to 
record that the lower-limit mixture for upward propagation of 
flame contains not less than 5°4 per cent, of methane. The flame 
in mixtures containing 5°35 per cent. of methane, contained in a 
closed glass tube 6 cm. in diameter, never exceeded a distance of 
travel of 50 cm.; in 5°3 per cent. and 5°25 per cent. mixtures the 
flame travelled 40 cm. and 30 cm. respectively. 

It will be seen in Fig. 2 that the flame travelling horizontally in 


* The influence of added nitrogen on the limits, as determined by central 
ignition in a large globe, is described in a subsequent paper. 
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a 5°4 per cent. mixture occupies only the upper quarter or third 
of the containing vessel, and analysis of the mixture left in a tube 
6 cm. in diameter after the flame had travelled along it showed it 
to contain 3°25 per cert. of methane. When a tube 10 cm. in 
diameter was used, 3°9 per cent. of methane remained in the 
products of combustion. Presumably, if a large room were filled 
with such a mixture and a light applied at some point near the 
floor, a column of flame would travel upwards from the point of 
ignition to the roof and spread along the upper portion only of 
the room. 

It may not be generally known that when a slow current of air 
containing between 4 and 5 ver cent. of methane passes over a small 
flame, such as that of an oil lamp, the cap or aureole that ordin- 
arily forms round the lamp-flame may become detached and float 
along with the current. Similarly, if a slow current of air contain- 
ing 3 or 4 per cent. of coal gas is allowed to ascend a vertical tube, 
and a succession of electric sparks passed at the bottom, small caps 
of flame can be caused to pass from end to end of the tube, only 
a fraction of the mixture being burnt. 

Of a like nature are such mixtures of hydrogen and air as allow 
“balls” of flame to travel (perhaps indefinitely) upwards through 
them—with the convection-current—in the manner described by 
Coward and Brinsley. 

From the practical point of view such mixtures are not in them- 
selves dangerous, but they are potentially dangerous in that they 
could convey flame to richer mixtures. 

From the scientific point of view it is of interest to know that 
such curious flames can be produced, but the doubt must always 
remain whether actually “indefinite” propagation of flame can 
take place in the mixtures that exhibit them; and the fact that 
chemical reaction proceeds in but a small portion of the whole 
mixture, renders it difficult to employ for comparative measure- 
ments the “criterion” of inflammability adopted by Coward and 
Brinsley.* 

* It should be noted that, making use of their criterion, Coward and Brinsley 
decided upon 4°1 per cent. as the lower-limit percentage of hydrogen in air 
(3°8 per cent. of hydrogen remaining in the mixture after the flame had passed). 
Dixon and Crofts (this vol., p. 2047) have obtained the following figures for the 
ignition-temperatures of various mixtures of hydrogen and oxygen: 


sie Ms. sbseaiiatusien 526° 
2 iia. 511 
MEL ini asessntecin 478 
a ns 472 
SEBO, cn. cccoccteesecs — 


The last mixture, which contained 5°88 per cent. of hydrogen, could not be 
ignited, although five experiments were made in which the temperatures reached 
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It may be remarked that if the object of their criterion of 
inflammability is to specify the least quantity of inflammable gas 
in air that is capable of propagating flame, that object is not 
attained. For when a mixture of methane and air containing 
5°0 per cent. of methane, enclosed in a 4-litre globe, is strongly 
agitated by revolving a small fan therein, and an electric spark 
is passed at the centre of the globe, flame travels rapidly throughout 
the mixture, all the methane being burnt. The lower-limit of 
inflammability of “agitated” mixtures of methane and air could 
therefore be stated to be 5°0 per cent., or possibly less with more 
violently agitated mixtures. 

The flame travelling downwards in a 6°0 per cent. mixture, 
depicted in Figs. 3 and 4, and the flame started centrally in a 
5°6 per cent. mixture contained in a large globe, both burn the 
methane completely. In both cases the line of demarcation between 
a mixture that will propagate flame and one that will not is sharply 
defined.* 

For the latter reason, as well as for their convenience, the 
criteria of inflammability for downward propagation, used by 
Le Chatelier and universally applied by French mining engineers 
for the measurement of fire-damp; and for propagation throughout 
a globe, adopted by several investigators, would seem to commend 
themselves for such comparative measurements as a study of the 
propagation of flame in gaseous mixtures may demand. 


EXPERIMENTAL. 


The methane used was prepared from aluminium carbide, and 
was purified from traces of acetylene by passing through ammonia- 
cal cuprous chloride, and from hydrogen by passing slowly over 
“oxidised’”’ palladium precipitate heated at 90°. It contained 
99°8 per cent. of methane. 

The explosion-vessels were glass cylinders, sealed at each end, 


were 500°, 600°, 700°, 1000°, and 1700° respectively. Dixon and Crofts considered 
that the limit of inflammability had been passed in the last mixture, but they noted 
the fact that combustion occurred of part of the mixture. 

* The following determinations of the lower-limits, downward propagation, 
were made by Mr. A. Whitaker. With mixtures containing, according to analysis, 
6°03, 6°02 and 6°01 per cent. of methane, flame was propagated throughout the 
length of a closed tube 7 cm. in diameter and 160 cm. long. With 5°99, 5°98 and 
5°97 per cent. of methane the flame travelled 12 or 15 cm. only. 

A volume of mixture sufficient for two experiments was made containing 6°00 
per cent. of methane. After one experiment, in which propagation of flame was 
complete, sufficient air was added to the remainder of the mixture to reduce the 
percentage of methane to 5°99; flame travelled downwards only 15 cm. in this 
mixture. 


2596 BURGESS AND WHEELER: THE PROPAGATION OF FLAME IN 


6 cm. in diameter and 2 metres long. They were fitted with 
platinum firing points at one end and at the other with a three- 
way tap, through which the mixtures to be experimented with 
were introduced after the cylinders had been exhausted of air. The 
mixtures were made over glycerol and water in graduated glass 
gas-holders, and were all analysed before use. 
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CCXLII.—The Propagation of Flame in “ Inmit” 
Mixtures of Methane, Oxygen and Nitrogen. 


By Maurice Joun Burcess and RicHarD VERNON WHEELER. 


In a previous communication (T., 1911, 99, 2013) we argued that a 
“lower-limit”’ mixture (and, similarly, a “higher-limit”’ mixture) 
is “one such that a given volume must, under the conditions of its 
combustion, evolve just sufficient heat to raise an equal volume to 
its ignition-temperature.” 

According to this view, during the propagation of flame in any 
“limit”? mixture a balance is struck between heat generated by 
combustion and heat employed in starting combustion, together 
with heat ‘lost’ by conduction and radiation. 

Theoretically, provided that the amount of energy imparted to 
the system by the initial source of ignition—an electric spark, for 
example—is small, so that no appreciable impetus to the propaga- 
tion of flame occurs near the source of ignition, flame should travel 
throughout a true limit mixture at a uniform speed. Experiments, 
to be described at a later date, establish the correctness of this 
supposition. 

Further, it seems probable that the speed of travel of flame will 
be the same in all limit mixtures that comprise the same constitu- 
ent gases, Experiments show this to be the case so far as horizontal 
propagation in mixtures of methane, oxygen, and nitrogen is 
concerned. 

Limit mixtures thus offer several advantages for the study of the 
manner of propagation of flame in gaseous mixtures. 

This paper contains the results of a series of determinations of 
the amounts of methane required to form higher- and lower-limit 
mixtures with various “atmospheres” ranging between air (20°9 
per cent. of oxygen) and a mixture of air and nitrogen containing 
13°45 per cent. of oxygen.* 


* The results of preliminary experiments, obtained during the early months of 
1913, were communicated to the institution of Mining Engineers (Trans. Inst. Min. 


“ LIMIT” MIXTURES OF METHANE, OXYGEN AND NITROGEN, 


The lower-limit mixtures contained a minimum of 5°6 per cent. 
of methane (when air was used) and a maximum of 6°45 per cent. 
(when the 13°45 per cent. oxygen “atmosphere” was employed). 
The minimum value for the higher-limit: mixtures was 6°7 per cent. 
of methane (with the 13°45 per cent. of oxygen “atmosphere ”) and 
the maximum value 14°8 per cent. (with air). 

The compositions were thus determined of a number of limit 
mixtures containing widely different proportions of the same three 
gases—methane, oxygen, and nitrogen—from which calculations 
of the heat balances could be made with a reasonable expectation 
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that, although errors in calculating the specific heats of the gases 
at the ignition-temperatures of the mixtures might render the 
results not strictly accurate, the relative values would be correct. 
The results obtained showing the percentages of methane that 
form limit mixtures with the different “atmospheres” can con- 
veniently be given in the form of a diagram (Fig. 1). 
In this diagram percentages of methane are plotted against 


Eng., 1913, 46,2i, 125) by Mr. W. C. Blackett, a member of the Explosions in 
Mines Committee of the Home Office, at whose request the work was cariied out. 
Since then accounts have appeared of similar researches by the United States 
Bureau of Mines (Technical Paper, No. 43, 1914) and by F. Le Prince Ringuet 
(Compt. rend., 1914, 158, 1999). Some determinations of the lower limits have also 
been published by A. Parker (this vol., p. 1002). 
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percentages of oxygen in the limit mixtures. The different “atmo- 
spheres,” with the percentages of methane required in each case to 
form higher- and lower-limit mixtures, are as follows: 


Atmosphere. Methane, per cent. 
Oxygen. Nitrogen. Lower-limit. Higher-limit. 
20-90 79-10 (air) 5-60 14-82 
19-22 80-78 ~— 12-93 
18-30 81-70 — 11-91 
17-00 83-00 5-80 10-55 
15-82 84-18 5-83 8-96 
14-86 85-14 6-15 8-36 
13-90 86-10 6-35 7-26 
13-45 86-55 6-50 6-70 
13-25 86-75 No mixture capable of propagating flame 


It will be seen that as the oxygen-content of the atmosphere 
is reduced the higher- and lower-limits come closer together, until 
with 13°45 per cent. of oxygen only mixtures containing between 
6°50 and 6°70 per cent. of methane are capable of propagating 
flame. A mixture of methane with an atmosphere containing 
13°25 per cent. of oxygen is incapable of propagating flame. 

Presumably the true “extinctive” atmosphere for methane— 
the atmosphere in which a jet of methane, however perfectly 
aerated, would be just unable to burn—contains between 13°45 and 
13°25 per cent. of oxygen.* 

It may be noted that Haldane and Atkinson, who were the 
first to work on this subject (7'rans. Inst. Min. Eng., 1895, 8, 549), 
found that natural fire-cdamp could form an inflammable mixture 
with oxygen and nitrogen when the oxygen present had been 
reduced to between 12 and 13 per cent. The higher- and lower- 
limit mixtures of pure methane with the 13°45 per cent. oxygen 
atmosphere, according to our experiments, contain 12°55 and 12°57 
per cent, of oxygen respectively. 

The general equation representing the heat balance during the 
spread of flame in a limit mixture is as follows: 

(’M+ec"P)\(T-t)+qg=2Q .... . (I) 
where c’, c’ represent the specific heats of the mixture (M), and of 
the products of combustion (/) respectively, each at the ignition- 
temperature (7'), ¢ being the initial temperature of the mixture; 
q represents heat dissipated (by conduction and radiation), and 
xQ heat evolved by the combustion of x parts of the combustible 
gas. 

When methane is the combustible gas the calculations are com- 
plicated by the fact that combustion is incomplete. Appreciable 

* The extinctive atmosphere for methane is usually regarded as co .taining about 


17 per cent. of oxygen ; and the ‘‘ residual” atmosphere—that in which a methane 
flame has burnt to extinction—as containing about 15 per cent. of oxygen. 
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quantities of carbon monoxide occur in the products of combustion 
of all the lower-limit mixtures, whilst with some of the higher- 
limit mixtures combustion is mainly to carbon monoxide, hydrogen, 
and steam, and the “ water—gas reaction” proceeds as the products 
cool. 

Consequently, in order to calculate the heat balance it is 
necessary to analyse samples of the products of combustion as soon 
as they are formed—before secondary reactions, which can play 
no part: in the propulsion of flame through the mixture, have taken 
place. 

This was done so far as practicable by withdrawing and cooling 
rapidly small sampies of the “flame gases”’ whilst the flames were 
travelling through the mixtures (which were contained in large 
glass globes), in the manner described in the experimental part of 
this paper. 

The analyses of these gases show a regular relationship between 
the ratios O,/CH, in the original mixtures and the proportions of 
methane that burn completely to form carbon dioxide and steam. 

In the higher-limit mixtures the ratio O,/CH, varied from a 
minimum of 1°20 (in the mixture with air) to a maximum of 1°87 
(in the mixture with the 13°45 per cent. oxygen ‘atmosphere”’). 
The proportion of the methane burned in the former mixture to 
carbon dioxide and steam was 32°2 per cent.; in the latter mixture 
it was 83 per cent. The results have been summarised as follows: 


coat sin meas 


| Proportions of methane 


Oxygen-content of | Ratio O,/CH, in burned to carbon 
atmosphere. higher-limit mixture. dioxide and steam. 
20-90 (air) 1-20 32-2 
19-22 1-29 37-8 
18-30 1-35 42-6 
17-00 1-44 49-0 
15-82 1-60 59-0 
' 14-86 1-62 64-5 
13-90 1-77 77-4 
13-45 1-87 83-0 
As the proportion of oxygen to methane is increased, more and 


more of the latter is completely burned. With a ratio O,/CH,=1'50 
half the methane burns to carbon dioxide and half to carbon 
monoxide; whilst when the oxygen present is less than one and 
a-half times the methane present the main reaction is represented 
by the equation: 


= we 


\v 


CH,+0,=CO+ H,+H,0. 

For comparison with these results those obtained by Bone and 
Drugman with mixtures of methane and oxygen in equal propor- 
tions may be quoted (T., 1906, 89, 676). The percentage composi- 
tion of the gaseous products of combustion (no carbon was 
8 G2 


- 


it 


2600 BURGESS AND WHEELER: THE PROPAGATION OF FLAME IN 


deposited) averaged: CO,, 63; CO, 41°9; H,, 50°83; CH,, 1:0. 
Commenting ov these results, Bone and Drugman say: “It has 
been shown that, below the ignition-point, methane burns, forming 
at an early stage steam and formaldehyde. The process may 
probably be best expressed as follows: 

CH, —> CH,-OH —> CH,(OH), —> CH,0 + H,0, etc. 

“ At high temperatures the formaldehyde would certainly decom- 
pose into carbonic oxide and hydrogen, so that in explosive 
combustion we should obtain : 

CH,O 
C__ 
CH,+0,=CO+ H,+ H,0. 

“The 6 per cent. of carbon dioxide formed in our experiments 
would obviously arise by the secondary interaction of steam and 
carbonic oxide in the flame.” 

As a general conclusion from our results, we hold the opinion 
that the essential reaction in the propagation of flame in these 
limit mixtures is that responsible for the formation of carbon 
monoxide, hydrogen, and steam in equal volumes. 

The heat evolved by this reaction is probably almost equally 
divided between the products of combustion of one “layer” of 
mixture and the adjoining unburnt “layer” ; it is, however, insuffi- 
cient to raise the unburnt layer to its ignition-temperature. Follow- 
ing rapidly upon this reaction, some of the carbon monoxide and 
hydrogen is burned, the proportion depending upon the oxygen- 
concentration. The additional heat added to the system in this 
latter manner enables the nearest unburnt layer to attain its 
ignition-temperature. 

Finally, as the burnt gases cool, the water—gas reaction comes 
into play, as is shown by comparison of the analyses of the “ flame 
gases” and “final gases” for the same mixture (compare also 
“The Water-Gas Equilibrium in Hydrocarbon Flames,” by G. W. 
Andrew, this vol., p. 444). 

Assuming this to be the correct interpretation of the sequence of 
events, calculation of the heat balance of each mixture can be 
made, using the data supplied by the analyses of the flame gases. 

Calculation having been made of the percentages by weight 
of the constituent gases of the mixture composed of equal volumes 

of burnt and unburnt gases, equation (1) can be put in the form: 
(co,A + con,B + ey, + ¢o0,D + cco# + ul" + ey,0%)(7 - 1) +q= 
aQ+2'Q', 
CO» CcHy etc., being the specific heats of the respective gases at 
the temperature 7 —t, and A, B, etc., the percentages by weight of 
those gases. Of the methane burned, z grams form carbon dioxide 
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and steam, the heat evolved by the reaction being @ calories per 
gram; and 2’ grams form carbon monoxide, hydrogen, and steam, 
the heat evolved by the reaction being Q/ calories per gram.* 

Some doubt attaches to the value which should be assigned in 
each case to 7, the ignitiontemperature of the mixture. Tables 
of the “ignition-temperatures” of various gases do not, in the 
majority of cases, afford information as to the percentage composi- 
tion of the mixture formed by the combustible gas with air (or 
oxygen) when ignition occurs. -Thus, the experiments of Dixon and 
Coward (T., 1909, 95, 514), in which a heated jet of the combust- 
ible gas was allowed to flow into a heated atmosphere of air or 
oxygen, only determined for each gas the ignition-temperature of 
the mixture having (presumably) the lowest ignition-temperature, 
without showing the composition of that mixture. 

In a recent paper by Dixon and Crofts (this vol., p. 2036) the 
relative ignition-temperatures of different mixtures of hydrogen 
and oxygen, determined by the method of adiabatic compression 
suggested by Nernst, are given, and it appears that increased 
oxygen-concentration is accompanied by decreased temperature of 
ignition. A similar conclusion for methane—air mixtures may be 
drawn from the experiments of Taffanel and Le Floch (Compt. 
rend., 1913, 157, 469); so long as the ratio O,/CH, was greater 
or not much less than 2:0, the ignition-temperatures of the mixtures 
were the same; a continued increase in the methane-concentration, 
however, was accompanied by a regular increase in the ignition- 
temperatures of the mixtures. 

Using this relationship between oxygen-concentration and igni- 
tion-temperature, established by Taffanel and Le Floch, we have 
calculated the ignition-temperatures of our mixtures, taking Dixon 
and Coward’s lowest figure as being probably most nearly correct 
for mixtures having ratios O,/CH,=2°0 or more.+ The tempera- 
tures range between 650° for such mixtures and 715° for the 


 Roeny 


* The values employed in our calculations are: for the reaction CH,+20,= 
€ CO,+2H,0, Q=11,910 calories per gram ; for the reaction 

CH,+0,=C0O+ H,+ H.0, 
@=3240 calories per gram. For the specific heats (at constant volume) we have 


t chosen the following determinations : 
1S 
I ickirincdrnnenciscwsdanniininanassces 0-1548 0-000023¢ 
Ms visnisceascccscsccacensannicacoses 0-4501 0-000016¢ 
FUEPOGOE cccncresccsessesecsecssrccseseoss 0-1677 0-000016¢ 
Carbon dioxide ............ccccccscoees 0-1531 0-000059¢ 
Carbon monoxide ...........s..0se000: 0-1730 0-000016¢ 
at MMR ccctcaretsossccsocciesstesnssces 2-4020 0-000016¢ 
Pe oe 0-000120¢ 
le + Taffanel and Le Floch, in their determinations, did not adequately allow, as did 


Dixon and Coward, for the influence of heated surfaces. 


2602 BURGESS AND WHEELER: THE PROPAGATION OF FLAME IN 


mixture having a ratio O,/CH,=1'20 (the higher-limit mixture 
with air). 

The results of the calculations are shown in Fig. 2, where Q, the 
heat evolved, is plotted for each limit mixture against g, the heat 
unaccounted for or “lost.” It will be seen that the two are practi- 
cally proportional, the heat unaccounted for averaging for each 
mixture 35 per cent. of the total evolved. 

This heat-loss, the magnitude of which is no doubt due to the 
fact that the accumulation of sufficient energy for the propagation 
of flame is a prolonged process—the combustion of methane taking 
place “by stages,” * is necessarily made up of loss by (1) conduc- 
tion and convection, and (2) radiation. 

The number of calories transmitted by the flame to any given 
distant layer of unburnt gas by conduction and convection can be 
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Q=Large calories. 


regarded as approximately proportional to the difference in tem- 
perature between the two, and a curve representing such trans- 
mission of lieat by flames of different temperatures would be, as 
nearly as possible, a straight line. 

As regards heat transmitted by flames as radiant energy—which, 
be it noted, has been found in the case of non-luminous coal gas 
flames, 30 mm. in diameter, may amount to as much as 15 or 
20 per cent. of the whole heat of combustion {—the effect of tem- 
perature is more difficult to estimate. Callendar suggests that 
Planck’s equation for a single wave-length may be assumed, and, 
for a Bunsen flame of mean wave-length 3°5 pn, gives the following 
table of approximate values for the variation in intensity with 


* The well-known “lag” in the ignition of methane is also explicable from this 
cause (compare T., 1911, 99, 2020). 
+ Third Report, Gaseous Explosions Committee, British Association, Appendix A. 
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temperature, for comparison with the fourth-power law of Stefan 
for the radiation of a black body: 
Absolute temperature ... 1000°, 1500° 2000° 2500° 3000° 


Radiation, Planck. ......... 0-016 0-059 0-142 0-233 0-331 
' Radiation, Stefan. ......... 0-009° 0-045 0-142 0-347 0-721 


Commenting on this table, Callendar says: “The rate of varia- 
tion, according to Planck’s formula for a single wave-length, is 
much slower than the fourth-power law, and tends in the limit to 
be directly proportional to the absolute temperature at high tem- 
peratures. ~The actual rate of variation should lie between these 
limits, but nearer to Planck, wnless carbon begins to separate in 


; 
rich mixtures at high temperatures.” * 
i 
i 
| 
i 


As already noted, g, the “loss” of heat from our mixtures (in 
none of which did carbon separate), is practically directly propor- 
tional to Q, the total heat evolved. 


EXPERIMENTAL. 


The different mixtures of oxygen and nitrogen were made in 
large glass gas-holders holding sufficient for a dozen or more 
experiments, and the limit mixtures with methane prepared from 
them in smaller gas-holders over glycerol and water. 

The method of determining the limits, and the apparatus 
employed, were similar to those described in our previous paper 
(loc. cit., pp. 2020—2024). The methane used was prepared from 
aluminium carbide, and was purified from traces of acetylene by 
passing through ammoniacal cuprous chloride, and from hydrogen 
by passing slowly over “oxidised” palladium precipitate heated 
at 90°. It contained 99°7 per cent. of methane. 

Each mixture was analysed, the methane being determined by 
explosion (with electrolytic gas or excess of air and oxygen added 
as the case might require), and the oxygen by absorption by 
strongly alkaline pyrogallol. 

A large number of experiments with each atmosphere were made 
before the limits were fixed as closely as was desired. Correspond- j 
ing mixtures were then carefully prepared and inflamed in a 
special form of explosion-vessel designed for securing a sample of ; 
the “flame geses”’ whilst the flame was travelling (Fig. 3, p. 2592). j 

This explosion-vessel was a 2-litre globe, with glass-covered 
electrodes reaching to the centre. Through the side of this globe | 
were fused, in the positions shown in the photograph, two fine 
capillary tubes, either of which could make connexion, through a 
three-way tap, with a small bulb filled with mercury to within 
4°5 c.c. of its capacity. The space above the mercury in this small 


* Third Report, Gaseous Explosions Committee, British Association, Appendix A. 
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bulb was thoroughly exhausted of air, and served, when the three- 
way tap was rapidly opened, to capture a sample of the gases at 
either of the two points where the capillary tubes ended within 
the explosion-vessel. When the whole apparatus was inverted this 
sample could be withdrawn, by means of a mercury pump, through 
the tap shown at the bottom of the photograph. 

In all the limit mixtures the manner in which the flame travelled 
was the same. So soon as the igniting spark had been passed a 
flame shot up to the top of the vessel, bent over, and, after thus 
filling the whole of the top quarter of the globe, travelled down- 
wards to the bottom as a uniform layer of light blue colour.* This 
layer had an apparent thickness of between 14 and 2 inches, and 
travelled sufficiently slowly to enable the tap leading to the 
sampling-vessel to be manipulated at the right moment. 

The moment chosen for all the samples of which analyses are 
given in this paper was when the layer of flame had passed half- 
way past the end of the upper capillary tube, as indicated in 
Fig. 3 by the shading added to the photograph, which gives a very 
fair idea of the appearance of the flame when observed through 
the side of the globe at the moment of sampling. 

The gases were driven into the sampling-vessel under pressure of 
between 2 and 3 atmospheres, so that, although the space in that 
vessel unoccupied by mercury was under 5 c.c., between 10 and 
15 c.c. of gases were obtained for analysis. 

Samples of the products of combustion remaining in the explo- 
sion-vessel were withdrawn for analysis after sufficient time had 
been allowed for complete mixture. 

Results of Experiments.—The compositions of the limit mixtures, 
and the analyses of the “flame gases’ and “ final gases” are given 
on p. 2604. 

A correction has been introduced in the analyses of flame gases 
for the unburned mixture contained in the capillary-tube leading 
to the sampling-vessel. 

The last two columns in the table record the calculated values of 
Q and q plotted in Fig. 2. 

These results have already been discussed in the theoretical 
portion of this paper. An additional point that should be noted 
is the preferential burning of hydrogen over carbon monoxide in 
all the mixtures that contain a ratio O,/CH, greater than 1°5. 


)? 
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* In some of the higher-limit mixtures the flame had a slightly reddish tinge. 
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CCXLIII.—The Propagation of Flame in Mixtures of 
Methane and Air. The “ Uniform Movement.” 


By Ricuarp VERNON WHEELER. 


In the course of their well-known researches on the combustion of 
explosive gaseous mixtures, Mallard and Le Chatelier (Ann. des 
Mines, 1883, [viii], 4, 274) studied the propagation of flame in 
mixtures of methane and air contained in horizontal tubes. So far 
as such mixtures are concerned, the general conclusions drawn by 
them regarding the manner in which flame is propagated were as 
follows. 

When the mixture contained in a horizontal tube closed at one 
end and open at the other is ignited at the open end, the flame 
travels for a short distance at a uniform speed. This “ uniform 
movement” is followed by a “vibratory movement,” in the course 
of which the flame travels backwards and forwards in an irregular 
manner, the mean speed from point to point along the tube being 
usually greater than that of the “uniform movement.” These 
vibrations usually continue to the end of the tube, but sometimes 
during a particularly violent vibration the flame may be extin- 
guished, owing to the mixing of burnt gases with the unburnt 
mixture. 

When the mixture is ignited at the closed end of the tube the 
flame travels, in short tubes at all events, with increasing speed 
towards the open end. 

In the course of investigations on mine explosions, carried out, 
in the first instance, for the Mining Association of Great Britain, 
and, latterly, at the Home Office Experimental Station, the neces- 
sity arose for repeating Mallard and Le Chatelier’s experiments 
regarding mixtures of methane and air. 

The present paper deals with the “ uniform movement,” the speed 
of which is the normal speed of propagation of flame by conduction 
of heat from layer to layer of the mixture, and is constant for a 
given mixture at a given temperature and pressure. 

Mallard and Le Chatelier made a complete study of how far the 
diameter, length, and material of the tubes influenced the speed 
and duration of the uniform movement in many gaseous mixtures, 
with the object of determining the limiting dimensions requisite 
to ensure that the true speed—the speed that would be obtained 
in a mixture of indefinite extent—should be determined. Given 
the right dimensions of tubes, the material of which they were 
made did not appreciably affect the speeds. Repetition of Mallard 
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and Le Chatelier’s experiments regarding these experimental condi- 
tions has confirmed their results. 

The diameter of tube necessary to avoid cooling by the walls, 
and consequent retardation of the flame, was found to be greater 
the slower the speed of the flame. For the most slowly moving 
flames in mixtures of methane and air a tube of at least 5 cm. 
diameter is necessary. The speed of travel of flame in a tube 9 cm. 
in diameter is slightly greater than in a tube 5 cm. in diameter. 

The duration of the uniform movement, which varies with each 
mixture, increases with the diameter and length of the tube up to 
a certain maximum, after which increase in length makes no appre- 
ciable difference. In a tube 5 cm. in diameter and 6 metres long 
the uniform movement in all mixtures of methane and air extends 
over a distance of about 150 cm., whereas in a tube of the same 
diameter and 2 metres long the distance travelled by the flame at 
a uniform speed may be less than 50 cm. 

For their experiments Mallard and Le Chatelier used tubes 
5 cm. in diameter and 1 metre Jong, and measured the speed of 
travel of flame over the first 50 cm. The length of the tube was 
insufficient to ensure that the measurements of the speed of the 
flame would not include part of the “vibratory movement,” a fact 
which they themselves realised (loc. cit., p. 317). Their measure- 
ments for the same mixture show, in consequence, rather wide 
variations. Their experiments were further vitiated by the fact 
that the methane used was prepared from sodium acetate (“‘il 
exhalait une forte odeur d’acetone”). Such “methane” may 
contain as much as 10 per cent. of nitrogen, 10 per cent. of 
unsaturated hydrocarbons, and 2 or 3 per cent. of hydrogen.* 

The conclusions drawn by Mallard and Le Chatelier were: 

(1) The speed of the uniform movement increases regularly with 
the percentage of methane up to a certain maximum, after which 
it decreases regularly. The curve obtained on plotting speeds as 
ordinates and percentages of methane as abscisse is thus repre- 
sented by two straight lines meeting at a point. Their curve 
(from Plate VIII of their paper) is reproduced in Fig. 1. 

(2) The maximum speed is obtained, not with that mixture 
containing the quantity of methane required for complete com- 
bustion, namely, 9°4 per cent., but with a mixture containing 
about 12 per cent. of methane. Le Chatelier (‘‘Legons sur le 
carbone,” Paris, 1908) explains this result by assuming that the 
speed of propagation of flame during the uniform movement 
depends, not only on the temperature of combustion of the mixture, 
but on its thermal conductivity, which is greater the greater the 


* Compare Hauser, ‘‘ Lecons sur le grisou,” Madrid, 1908. 
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proportion of methane present. The thermal conductivities of air 
and of methane are 5°22 x 10-5 and 6°47 x 10-5 respectively. 

Fresh determinations, made in the manner described in the 
experimental portion of this paper, do not bear out Mallard and 
Le Chatelier’s results. The form of curve obtained on plotting 
speeds as ordinates and percentages of methane as abscisse is 
shown in Fig. 1. 

It will be seen that there is practically no difference between the 
speeds attained in mixtures containing from 9°45 to 10°55 per 
cent. of methane,* such differences as there are being probably 
within the limits of experimental error. 

Near the lower- and higher-limits of inflammability, which, for 
horizontal propagation, are 5°4 and 14°3 per cent. respectively, the 
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curve flattens, more noticeably towards the higher limit, and 
becomes, ultimately, nearly horizontal. It will be understood, 
therefore, that a prolongation of either “limb” of the curve so 
as to cut the zero velocity ordinate, as done by Mallard and 
Le Chatelier to determine the theoretical limits of inflammability, 
is not justifiable. 

Vibrations were not developed by the flames in all the mixtures. 
In those containing more than 12°5 or less than 5°8 per cent. of 
methane the flame usually travelled at a uniform or slightly decreas- 


* This conclusion is confirmed by another series of experiments in which 
different mixtures of methane and air were ignited at the centre of a large spherical 
explosion vessel. The time that elapsed between the moment of ignition and the 
first indication of pressure on the sides of the vessel was less the higher the per- 
centage of methane in the mixture up to 9°5 per cent. methane, after which it 
remained practically constant up to 11 per cent. 
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ing speed tiiroughout the length of the tube, although sometimes 
slight vibrations were noticeable in all but the “limit-mixtures.” 
In these latter the speed of travel of flame was quite uniform 
throughout, and was the same for both the higher- and lower-limit 
mixtures. 

As noted in a previous paper (this vol., p. 2593), the flame 


j “J { Ch, 10 percent. 
{ a 4 { CH, “3 per cen€. 


travelling horizontally in a 5°4 per cent. methane—air mixture, 
contained in a tube 5 cm. in diameter, occupies only the upper 
part of the tube. The flames in the other mixtures of methane and 
air, including the higher-limit mixture, completely filled the cross- 
section of the tube, the front of the flame (during the uniform 
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movement) being shaped as shown in Fig. 2. The faster the speed 
of the flame the blunter was its front. 


EXPERIMENTAL. 


The arrangement of glass tubes is shown in Fig. 3. Three lengths 
of tube of 5 cm. internal diameter, each 2 metres long, were joined 
together by broad pieces of stout rubber tubing, and supported 
horizontally in a straight line. Each end of the complete length 
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of 6 metres was flanged and ground to receive flanged end-pieces, 
which were held in position by metal clips. Each end-piece was 
fitted with a wide-bore three-way tap. Glass-covered platinum elec- 
trodes reaching to the centre of the tube, leaving a spark-gap of 
3 mm., were fused 4 cm. from one end. 

Another tube, similarly arranged, but of 9 cm. internal 
diameter, was used for a separate series of experiments. 

“Screen-wires ” of copper 0°025 mm. in diameter were threaded 
vertically across the tube through fine holes pierced through the 
walls at cortain points, the holes being afterwards covered by 
adhesive plaster. In order to avoid including in the measurements 
of the speed of the flame any impetus that might be given by the 
igniting spark, the first screen-wire was fixed 40 cm, from the point 
of ignition. Other screen-wires were fixed 50, 100, 200, 300, and 
400 cm. respectively from the first. 

The method of recording the time of passage of flame along the 
tube was electrical. Each screen-wire carried a small electric 
current, the interruption of this current when the flame melted 
the wires being recorded by the movement of an electro-magnet. 

It was important to avoid error due to latency or “timelag” of 
individual electromagnets. An instrument, which can be termed 
an automatic commutator, was therefore designed to enable each 
successive break in circuit to be recorded by the same electromagnet. 
This instrument is operated in the following manner: 

One terminal of the battery supplying the electric current is 
connected to the brush, A, of the commutator (Fig. 3), and a lead 
from the other terminal of the battery conducts the current to the 
electromagnet of the chronograph, so that its armature is attracted. 
The current tken passes by a lead to the electromagnet on the 
commutator, and that armature is also attracted ; the lead carrying 
the current then goes to one terminal of the screen-wires on the 
explosion-tube one after the other; the other terminal of each 
screen-wire is connected to the corresponding stud on the commu- 
tator by separate leads. 

Supposing the brush, 4, to be resting on No. 1 stud (the position 
that it occupies at the beginning of an experiment), the current is 
then flowing through the chronograph electromagnet, the commu- 
tator electromagnet, and No. 1 screen-wire; then through the 
brush, A, back to the battery. Suppose now that the flame passes 
along the tube and melts screen-wire No. 1; the chronograph 
electromagnet releases its armature, and the pen it carries makes 
a mark on the moving surface; at the same time the armature, B, 
of the commutator electromagnet is released, and the anchor- 
escapement, C’, attached to the armature, is moved, This allows the 
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coiled spring, D, to pull the scape-wheel, #, round by the cord, F, 
which is wound on a drum attached to the axis of the scape-wheel. 
The brush, A, then moves on to stud No. 2, and the current at 
once begins to flow through screen-wire No. 2; the chronograph 
electromagnet and the commutator electromagnet, and the arma- 
tures of both these are again attracted; the pen on the chrono- 
graph is moved back to its former position, as also are the armature, 
B, and the escapement, C, whilst the brush, A, moves a little 
further on to stud No. 2. When the flame reaches No. 2 screen- 
wire the same cycle is repeated and so on for as many screens as 
may be required, all the interruptions of circuit being recorded by 
the one pen on the chronograph.* 

The chronograph used was the laboratory chronograph of the 
Cambridge Scientific Instrument Company, the speed of travel of 
the moving surface (a spool of Morse paper) being recorded by a 
3-second contact-clock. 

Method of Ccnducting an Experiment—The mixtures of 
methane and air were made in a 140-litre gas-holder over water 
rendered slightly alkaline by potassium hydroxide. A _ rapid 
current of the mixture was passed through the explosion-tube until 
the gases entering and leaving had the same composition, as shown 
by explosion-analyses of samples taken through the three-way taps. 
A volume of mixture equal to about six times the volume of the 
tube was found to be ample for sweeping out all the air contained 
in the tube. 

All electrical connexions through the screen-wires and chrono- 
graph having been established, the left-hand end-piece of the 
explosion-tube was removed (by sliding it downwards) and the 
mixture ignited at the now open end by passing an induction-coil 
spark. 

The methane used was a particularly pure supply of fire-damp 
from a “blower” at a colliery in South Wales, whence it was 
obtained compressed in cylinders. Analysis, after removal of 
0°8 per cent. of carbon dioxide, showed it to contain 97°4 per cent. 
of methane, 2°3 per cent. of nitrogen, and 0°3 per cent. of other 
impurities (carbon monoxide and ethylene). It contained no 
hydrogen or ethane. 


* A somewhat detailed description of this device has been given in the belief that 
it may prove of value to other workers. The author has found it adequate for 
neasuring the speed of the rapidly moving flames of coal dust explosions and coal- 
gas and air explosions in large galleries. Its effectiveness depends essentially on 
the rapidity with which the brush of the commutator can be made to move from 
one stud to the next; by suitable proportioning and adjustment of the moving 
parts and regulation of the electric current passing through the maguets, the time 
taken for the brush to move from stud to stud can be made as litile as ;4,th second. 
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Results of Experiments——The results of all the determinations 
made of the speed of the uniform movement in different mixtures 
are given in the table that follows. As a general rule, the uniform 
movement extended for a distance of 150 cm. from the point of 
ignition, so that from each experiment with a particular mixture 
two determinations of the speed were obtained (between No. 1 and 
No. 2, and between No. 2 and No. 3 screen-wire respectively). 
Some of the more rapidly-moving flames, in mixtures containing 
between 9°5 and 11°0 per cent. of methane, began to vibrate just 
before reaching the third screen-wire; in such cases only the speed 
between screen-wires Nos. 1 and 2 was taken as being that of the 
uniform movement. 


Methane in fire-damp-air Speed of “‘ uniform movement ” of 
mixture, per cent. flame, cm. per second, 
36-5, 36-0, 35-5, 35-5, 35-5, 35-5, 36-0, 
36-0, 35-5. 
37-0, 37-0. 
40, 40-5, 40-5, 40-5. 
46, 46, 45-5, 45, 45-5, 45, 45-5. 
54, 54. 
56, 55, 55, 55. 
61, 59, 61, 59. 
77, 77, 75, 75. 
91, 90. 
100, 100, 99, 100. 
105, 104, 106, 104. 
108, 109. 
, 110, 110, 110. 
» Sas 
» 112. 
2, 110, 112, 113, 112, 110, 109, 113. 
, 109, 109. 
2, 102, 101. 
100, 98, 99, 99. 
93, 92. 
84, 84, 83, 83, 85, 84. 
62-5, 62. 
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49, 47, 48, 46. 

42-5, 42, 42, 42. 

41, 40-5. 

39, 38, 39, 38, 38, 38, 38. 
37, 36-5. 

36-0, 35-5, 35-5. 

For the determinations of the speed of travel of flame in the 
higher-limit mixture pure methane was used, since the 2°3 per cent. 
of nitrogen contained in the fire-damp slightly affected the higher 
limit, whereas it had no appreciable effect on the speed of travel 
of flame in the other mixtures (compare this vol., p. 2596). 

A similar series of determinations was made, using an explosion- 
tube of 9 cm. internal diameter. The speeds were from 5 to 10 cm. 
per second greater than those of corresponding mixtures in the 
tube 5 cm. in diameter. The shapes of the curves connecting speeds 
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with percentages of methane, and the limits of inflammability, were 
the same in both series of experiments. 

The propagation of flame in mixtures of methane and air, and 
in mixtures to which nitrogen has been added, has been further 
studied. An account of the work will be communicated later to 
the Society. 


Addendum. 


Since this paper was prepared an account has appeared of experi- 
ments on the same subject by A. Parker and A. V. Rhead (this 
vol., p. 2150). It is surprising to find that these authors are appa- 
rently unacquainted with Mallard and Le Chatelier’s complete 
researches dealing with the “uniform” and “vibratory” move- 
ments during the propagation of flame in gaseous mixtures con- 
tained in glass tubes, as outlined in the present paper. Their 
results are interesting in that they emphasise the necessity, pointed 
out by Mallard and Le Chatelier, of employing tubes of ample 
diameter when conducting experiments of this nature; the tubes 
they used were of too smali a diameter to enable them to determine 
either the true character of the speed-percentage curve or the limits 
of inflammability. 


EsKMRALS, 
CUMBEELAND. 


CCXLIV.—Volatile Owl from the Leaves of Barosma 


venusta. 


By Ernest Goutpine and OswaLp Dicsy Roserts. 


Tue genus Barosma, of which about thirty species exist in South 
Africa, derives its chief importance from the fact that certain 
species yield the so-called Buchu leaves, which are employed in 
medicine as mild disinfectants of the urinary tract. The physio- 
logical activity of the leaves is principally due to the volatile oil 
which they contain. The source of Buchu leaves of the British 
Pharmocopeia, or “short Buchu,” is Barosma betulina, Bartl. and 
Wendl., but the leaves of B. crenulata, Hook. and B. serratifolia, 
Willd., are also met with in commerce under the name of “long 
Buchu.” 

Another species of Barosma, B, venusta, Eckl. and Zeyh., occurs 
in considerable quantities in the Uitenhage District of the Cape 
Province. Information was desired in South Africa as to the 
possible value of the leaves of this plant in comparison with Buchu 
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leaves, and an examination of the material was therefore under- 
taken at the Imperial Institute. 

The most characteristic constituent of the oil of Barosma betulina 
is diosphenol, which is present in quantities of 20—30 per cent. ; 
the oils of B, crenulata and B. serratifolia, however, contain only a 
very small proportion of this substance. The results of the present 
investigation show that the oil of B. venusta differs very consider- 
ably in odour and composition from that of Buchu leaves, and 
that it does not contain any diosphenol. 

In 1911 a sample of the leaves of Barosma venusta was received 
at the Imperial Institute from the Cape Province, South Africa. 
On distillation in a current of steam it yielded 2°7 per cent. of a 
volatile oil, which was of a lemon-yellow colour and pleasant odour, 
and had D" 0°877 and a# 1°4’ in a 100-mm. tube. 

A larger consignment of the leaves, forwarded in 1913, fur- 
nished 2°0 per cent. of volatile oil with the following constants: 


e in 100 mm. tube 
Acid value 
Ester value 


(Corresponding with 2-2 per cent. of esters, calculated 
as C,,H,,"OAc.) 


Ester value after acetylation 


(Corresponding with 15-7 per cent. of total alcohols, 
or 14-3 per cent. of free alcohols and 2-2 per cent. 
of esters.) 


Fractional Distillation of the Oil, 


On distilling the oil under atmospheric pressure the following 
fractions were obtained, but some decomposition occurred : 


Fraction. Percent. Boiling point. . a in 100 mm. tube 


I. 44 163—190° 0-8100 inactive. 
II. 17 190—205 0-8932 inactive. 

III. 28 205—230 0-:9531 +0°30’ 

IV. 9 230—245 0-9610 liquid too  dark- 
coloured to admit 
of this determina- 
tion. 

Residue — 


Isolation and Identification of Myrcene. 


When a portion of the oil was distilled under 60 mm. pressure, 
about 48 per cent. collected between 83° and 88°. This fraction, 
after being treated repeatedly with sodium and redistilled, had 
D4 0°8060, and was optically inactive; it distilled at 163—173° 
under atmospheric pressure, but suffered partial decomposition. 
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This hydrocarbon exhibited the properties characteristic of 
myrcene, for which the following constants have been recorded : 
D® 0-8023 _—b. p. 167°. 
ane b. p. 171—172°. 
D" 0-8046 b. p. 166—168°. 
D® 0-8013 b. p. 166—168°, 
D” 0-7937 —- 
1 Pharm. Rundsch., 1895, 18, 61. 2 Ber., 1901, 34, 3216. 
3 T., 1903, 83, 507. 4 Diss., Utrecht, 1905. 
5 Ber., 1911, 44, 2010. 


The terpene showed a great tendency to resinify, and readily 
combined with four atoms of bromine. On reduction with sodium 
and alcohol it was converted into a compound having D” 0°7860, 
a value which agrees well with those recorded for dihydromyrcene, 
namely, 0°7802 and 0°7852, by Semmler (loc. cit.) and Enklaar 
(loc. cit.) respectively. This reduction product furnished a tetra- 
bromide, melting at 91°, which crystallised from methyl alcohol in 
hard, white needles. The melting point of dihydromyrcene tetra- 
bromide has been given as 87° by Semmler and Mayer (loc. cit.) 
and 88° by Enklaar (loc. cit.). By the action of a mixture of 
glacial acetic acid and sulphuric acid on the original terpene, an 
acetate was obtained which resembled linalyl acetate in odour, and, 
on hydrolysis, yielded an alcohol. This alcohol, when oxidised with 
chromic acid, did not furnish citral, but the odour of the product 
suggested the presence of some other aldehyde. These observations 
accord with those of Barbier (Compt. rend., 1901, 182, 1048) on 
the oxidation of myrcenol. The existence of myrcene in the oil is 
therefore established. 


Aldehydes: Identification of Anisaldehyde. 


A portion of the oil was shaken with solution of sodium hydrogen 
sulphite. After the aqueous liquid had been separated and washed 
with ether, it was rendered alkaline by the addition of sodium 
hydroxide, and extracted by repeated agitation with ether. The 
ethereal solution was dried with anhydrous sodium sulphate, and 
the ether was removed by distillation, The residue, amounting to 
about 0°5 per cent. of the original oil, appeared from its taste and 
odour to consist chiefly of anisaldehyde, and, on oxidation with 
potassium permanganate, was readily converted into anisic acid, 
which after recrystallisation melted at 183—184° (anisic acid has 
m. p. 184°). 
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Alcohols: Indication of the Presence of Linalool. 


The fraction boiling at 190—205° under atmospheric pressure 
consisted largely of alcohols, and had a sweet odour resembling 
that of linalool; on oxidation it yielded citral, which was charac- 
terised by its odour and by the preparation of a-citryl-8-naphtha- 
cinchoninic acid, melting at 199°. It is therefore probable that the 
alcohols consist in part of linalool. 


Phenols: Absence of Diosphenol. 


When the original oil, after being washed successively with 
sodium carbonate solution and sodium hydrogen sulphite solution 
to remove acids and aldehydes, was treated with 5 per cent. 
solution of sodium hydroxide, an absorption amounting to only 
0°2 per cent. took place. On acidifying the solution and extracting 
with ether, a phenolic substance was obtained, but in too small a 
quantity to admit of investigation; this product did not give any 
distinctive coloration with ferric chloride. No evidence could be 
obtained of the presence of diosphenol. 


Ethers: Identification of Methylehavicol. 


A fraction of the oil, boiling at 213—218°, was found to consist 
of methylchavicol, which was identified in the following way. 

The fraction was heated with 20 per cent. alcoholic potassium 
hydroxide solution for two days in a sealed tube at 200°. The 
contents of the tube were diluted with water and extracted with 
ether. After drying the ethereal solution with anhydrous sodium 
sulphate, and removing the ether by evaporation, it was found 
that the oil had been converted almost quantitatively into anethole, 
which boiled at 232—-234°, and solidified on cooling to a mass of 
crystals, melting at 22°. The product possessed the odour and 
sweet taste characteristic of anethole. Determinations of methoxyl 
in the original oil gave results indicating the presence of 21°4 per 
cent. of methyl ethers (calculated as methylchavicol) : 
0°2770 gave 0°0947 AgIl. OMe=4'51 or CyH,;OMe=21'5 per cent. 
0°2895 ,, 0°0980 Agl. OMe=4°46 ,, C,HyOMe=21°3 ,,_,, 


Constituents of High Boiling Point. 


The fraction which distilled at 230—245° was brownish-yellow, 
viscous, and had a somewhat empyreumatic odour; it probably 
contained sesquiterpenes, together with polymerides and decom- 
position products of myrcene, due to the high temperature to which 
it had been heated. 
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Summary of Results, 


The results of this investigation indicate that the volatile oil of 
Barosma venusta leaves has approximately the following com- 
position : 


Hydrocarbons, chiefly or entirely myrcene 
Aldehydes, anisaldehyde 


Phenol ethers, methylchavicol 

a iow inalool (calculated as C,,H,,"OH) 
Esters (calculated as C,,H,,"OAc) 

Sesquiterpenes, loss, etc. (by difference) 

In conclusion, reference may be made to an examination of 
this oil by Jensen (Pharm. J., 1913, [iv], 36, 60). Although the 
leaves from which he distilled the oil were obtained from the same 
source as those used in the present investigation, the results show 
certain differences, of which the most remarkable is that he found 
16 per cent. of chavicol, whereas the authors have not been able 


to detect the presence of even a trace of this phenol. 


The authors desire to express their thanks to Mr. J. C. Earl 
for much valuable assistance in the preliminary stages of this 
investigation. 


ScIENTIFIC AND TECHNICAL DEPARTMENT, 
IMPERIAL INSTITUTE, S.W. 


CCXLV.—Sodium Amalgams: Specific Volumes and 
Electrical Conductivities. 


By Ernest VANSTONE. 


An account has already been given of the investigation of the 
thermal diagram and the determination of the specific volumes of 
solid and liquid sodium amalgams (Trans. Faraday Soc., 1911, 7, 
42). 

It was shown that when specific volume was plotted against 
concentration of amalgam expressed in atomic percentages, smooth 
curves were obtained, although the corresponding thermal diagram 
showed many discontinuities. 

Since the publication of the first paper, the specific volumes have 
been plotted against concentrations expressed in percentages by 
weight. It was shown by Maey (Zeitsch. physikal. Chem., 1899, 
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diagram. 
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29, 119) that the specific volume of alloys is a linear function of 
the concentration expressed in percentages by weight, hence the 
new volume-concentration diagram (Fig. 1) consists of a number 
of straight lines, having nearly the same obliquity, and confirms the 
existence of inter-metallic compounds shown by the thermal 


The concentrations (in atomic percentages of sodium) where the 
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method are given for comparison. 


Concentrations. 


Weight per cent. Atoms per cent. 
36-0 83-0 
23-6 73-5 
16-4 63-0 
9-4 47-5 
5-2 32-5 
2-8 20-0 


discontinuities occur are given below ; those obtained by the thermal 


Atoms per cent. 
(thermal). 

85-2 and 83-4 
73-5 

63-3 

47-5 and 51-5 
33-3 

17-9 


When the comparative slope of the lines in Fig. 1 is considered, 
and the fact that the concentrations have to be read from the 
diagram in percentages by weight and then transformed into 
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atomic percentages, the agreement between columns (2) and (3) in 
the above table is as satisfactory as can be expected. 


The Constitution of Liquid Amalgams. 


Many researches have been carried out on liquid amalgams, 
having for their object the determination of the molecular com- 
plexity of metals in amalgams rich in mercury. 

Measurements of (1) vapour pressure, (2) #.M.F., and (3) lower- 
ing of freezing point show that the metal is present as a single 
atom, yet they cannot prove that that atom is not combined with 
a certain number of atoms of mercury. 

Two other researches may be mentioned. (1) The rates of diffu- 
sion of metals in mercury have been found, and when atomic 
diffusivities are plotted against atomic weights, two curves are 
obtained; metals which do not form compounds with mercury 
have higher diffusivities and lie on one curve, whereas metals 
which are known to form compounds lie on a second curve with 
lower diffusivities. It has been suggested that compounds MHg,, 
are formed in which the attached mercury retards the process of 
diffusion. 

(2) Bornemann and Miiller (Metallurgie, 1910, 7, 396) deter- 
mined the electrical conductivity of liquid sodium amalgams, and 
obtained a marked discontinuity at a concentration of 33°3 atoms 
per cent. of sodium, showing the existence of the compound NaHg, 
in the liquid condition. , 

The thermal diagram indicates the existence of at least five 
other compounds of sodium and mercury, but their existence in 
the liquid condition was not made manifest by the electrical 
conductivity experiments. 

We are led to inquire why this is so. Bornemann and Miiller’s 
experiments were carried out at very high temperatures, and it is 
possible that all the other intermetallic compounds were disso- 
ciated; the compound NaHg, was stable, since it has a much 
higher melting point, namely, 360°, than the other compounds; 
it lies at the maximum point on the thermal diagram; other com- 
pounds, with the possible exception of Na,Hg, do not show 
maxima. 

It was thought that indications of the existence of the other 
intermetallic sodium—mercury compounds might be obtained if 
physical properties were investigated at temperatures not far 
removed from the melting points of the alloys. 

The specific volumes of liquid alloys at 110°, 184°, and 237° 
have already been determined. 

The concentration-volume diagram for 110° is shown in Fig. 2. 
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It is seen that the specific volume of the liquid alloys is a linear 
function of the concentration when expressed in percentages by 
weight. ; 

The absence of discontinuities shows that the intermetallic com- 
pound Na,Hg does not exist at 110°. 

A consideration of Fig. 1 shows that the property of volume 
does not suffer any profound change when combination takes 
place between the metals sodium and mercury, so further investi- 
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gations were made by means of electrical conductivity measure- 
ments of liquid amalgams. 


The Electrical Conductivities of Liquid Amalgams. 


The method of experiment has already been described in a former 
paper. The amalgams were kept under paraffin, and drawn up 
into a capillary spiral having platinum terminals sealed into the 
glass at convenient points. 
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The spiral was open at the lower end and fitted with a glass 
tap at the top. It was connected to a hydrogen apparatus, and 
before allowing any amalgam to enter, it was dried and filled with 
dry hydrogen. | 

The capillary was 1 mm. in diameter, and the distance between 
the platinum terminals about a metre when unwound. It was 
calibrated by finding the resistance of mercury filling the spiral. 
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Temperatures of approximately 110° and 135° were obtained by 
jacketing with boiling toluene and xylene. 

The results are given in the table below; concentrations are 
expressed in atomic percentages of sodium; the resistances refer 
to a spiral in which the resistance of mercury at 17° is 1 ohm. 

It will be noticed that conductivity measurements have been 
made for each alloy at two temperatures differing by 26°. The 
value for the temperature-ccefficient has thus been obtained. 
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Electrical Conductivities of Liquid Amalgams. 


Concentra- Resistance Conduct- Resistance Conduct- Temperature- 
tion. at 107°. ivity. (133°) ivity. coefficient. 
4 : 
os it 
100 0-2266 4-397 + 0-2449 
0.2260 | 0-2477 
0-4225 2-366 0-4334 2-307 0:00226 
0-5835 1-714 —- : _— 
0-7749 1-2905 0-8139 1-2286 0-00238 
0-9796 1-0208 1-0133 0-9868 0-00130 
1-1569 0-8643 1-1627 0-8600 0-00016 
1-2124 0-8248 1-2248 0-8164 0-00032 
1-2532 0-7979 1-2584 0-7946 0-00013 
—_ — 1-3087 0-7641 — 
1-2921 0-7739 1-3096 0-7635 0-00040 
1-2968 0-7711 1-3208 0-7571 0-00054 


4-065 0-01276 
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140 


Temperature-coeficients of conductivity x 10%. 


$0 
Atoms of sodium per 100. 


The conductivity-concentration curve for 107° is shown in Fig. 3. 
It. is a rectangular hyperbola possessing no discontinuity. The 
results for 135° form a similar curve, which would lie slightly 
below that in Fig. 3. 
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It will be observed that the fall in conductivity is most marked 
from 100 to 85 atoms per cent. of sodium, the conductivity at 
85 per cent. being less than one-fourth the value for pure sodium. 
It may be pointed out that the concentration of 85 per cent. is 
that of the eutectic point in the thermal diagram. 

The differences in conductivity for a temperature range of 26° 
are small, and become much smaller as the mercury content of the 
alloys increases. 

The temperature-coefficient falls with extreme rapidity as we 
pass from pure sodium to alloys containing 5 and 10 atoms per 
cent. of mercury. The coefficient has an extremely small, almost 
constant value for alloys containing more than 20 atoms per cent. 
of mercury. This is shown in Fig. 4. The curve does not give any 
indication of the formation of compounds. 

The conclusion to be drawn from electrical conductivity measure- 
ments for liquid amalgams is thus the same as from specific volume 
determinations, namely, that the intermetallic compounds of 
sodium and mercury are completely dissociated in the liquid 
condition. 

It is possible also from the present and from previous work to 
compare the relative values of the properties specific volume, 
electrical conductivity, and freezing point in determining the 
constitution of alloys, and it is quite evident that the last is far 
superior in the certainty of its indications. 

THE TRAINING COLLEGE, 


CAERLEON, 
MoNnMOUTHSHIRE. 


CCXLVI.—The System Ethyl Ether-Water—Potassium 
Todide—Mercwric TLodide. Part III. Solutions 
Unsaturated with Respect to Solid Phases in the 
Four-component System. 


By ALFRED CHARLES DUNNINGHAM, 


Tue fact that the surfaces of saturation with respect to solid phases 
divide the tetrahedron into two parts has been used as an arbitrary 
division in the consideration of the system. That part representing 
supersaturated solutions, or complexes of solid and solution, has 
already been considered (this vol., p. 724, et seg.). The other 
represents liquid phases only, and extends from the surfaces of 
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saturation with respect to solid to the edge BC of the tetrahedron 
(Fig. 11, Part II). It is therefore bounded by the solid saturation 
surfaces and portions of the side-planes, namely, BFGHJZ on ABD, 
Cabefmgde on ACD, BF NMcC on ABC, and BZQPeC on BDC. It 
has been found experimentally that liquid mixtures unsaturated 
with solid phases can exist as one, two, or three layers respectively. 


Fic. 13. Fie. 14. 
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The above space representing liquids only is therefore divided into 
at least three parts, corresponding with these three cases. 


The Formation of Two Liquid Layers. 


It will be well to consider first the conditions under which liquid 
mixtures, unsaturated with solid phases, can exist as two layers. 
In a four-component system all such mixtures lie inside what may 
be called a “ two liquid volume,” whilst the layers themselves are 
given by points on the surface enclosing this volume. A “two 
liquid volume.” if complete, is more or less egg-shaped, and is 
circled by a critical curve, AK,BK,, as shown in Fig. 13.* This 
critical curve divides the binodal surface into two parts, such that 
any solution a on one part is conjugate with a definite solution } 


* For Fig. 12, see this vol., p. 731. 
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on the other part. The line ab, which lies entirely inside the two- 
liquid space, represents all mixtures of a and b. 

A “two-liquid volume” may be intersected by the side-planes 
of the tetrahedron, or by the solid saturation surfaces of the system, 
so that part of it becomes metastable. In Fig. 13 LARB represents 
such a curve of intersection, so that either the upper or lower 
portion of the two-liquid space is rendered metastable. AZB and 
ARB are conjugate curves, that is, solutions given by points on 
ALB are in equilibrium with definite solutions given by points on 
ARB. That this must be so will be seen at once from the following 
considerations. When ZARB is the curve of intersection of a side- 
plane with the binodal surface, it lies entirely in that side-plane, 
which represents a three-component system. If solutions on ALB 
were not in équilibrium with solutions on ARB, they would there- 
fore be conjugate with solutions given by points somewhere else 
on the right-hand side of the binodal surface; that is, either inside 
or outside the tetrahedron. In the former case a solution on ALB 
in a three-component system would be in equilibrium with a 
solution in a four-component system in the latter with a non- 
existent solution. Neither of these cases is possible. In a similar 
way it can be shown that when the binodal surface is intersected 
by a solid saturation surface, ALB and AFB are conjugate, for if 
they were not, a saturated solution would be in equilibrium with 
either an unsaturated or a supersaturated solution. When, 
however, the binodal surface is intersected by a plane such as ALD 
in Fig. 11 (Part II), ALB and ARB are not necessarily conjugate. 

In Fig. 11 (Part Il) VRSK,TUM and QK,P are curves of inter- 
section of a binodal surface and the solid saturation surfaces, whilst 
NX and MY, QX and PY are curves of intersection of the binodal 
surface and the side-planes XNWRSK,TUMYPK,QZ therefore 
represents the boundary of the stable portion of the binodal 
surface, K, and K, being points on the critical curve, the stable 
part of which therefore extends from XK, to Kg. 

The relation between the stable and metastable portions of the 
two-liquid space is shown in Fig. 14, which is lettered to correspond 
with Fig. 11. The critical curve K,K, divides the stable portion of 
the binodal surface into two parts, VRSK,K,QX and 

MUTK,K,.PY, 
such that all solutions given by points on one part are conjugate 
with solutions given by definite points on the other part. When, 
therefore, all pairs of conjugate points on WRSK,K,QX and 
MUTK,K,PY are joined, a space is formed, inside which lie all 
liquid mixtures existing as two layers. This space is bounded by 
the stable portion of the binodal surface, XVRSK,TUMY PK,QZ, 
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and the surfaces formed by joining all pairs of conjugate points 
on the following pairs of lines: K,Q and K.P, QX and PY, XN 
and YM, WR and MU, RS and UT, SK, and TK,. Outside this 
space lie unsaturated homogeneous liquids, so that the stable 
binodal surface divides the unsaturated space into two parts, one 
of which represents liquid mixtures existing as two layers, the other 
homogeneous liquids. The latter is bounded by the following 
surfaces (see Fig. 11, Part II): 
(1) The binodal surface XVRSK,TUMY PK,QZ. 


Fic. 15. 


Unsaluraled 
Solutions, 


Heteroge neous, 


(2) The saturation surfaces FVNRG, MabU, GRSH, UbcefmnpwT, 
HSK,TwJ, ZI wpnmgdePK,Q. 

(3) The portions of the sideplanes BYGHJZ on ABD, 
Cabcfmgde on ACD, BFNX and CaMY on ABC, and ZQXB and 
CYPe on BDC. 

The conjugate curves cp and fn, ed and fg, gn and dp appear to 
be intersections of saturation surfaces and side-planes with a second 
binodal volume which extends into the tetrahedron, and, as will 
be shown later, intersects the binodal volume, of which 

NRSK,TUMYPK,QX 
is the stable part of the surface. 
As in the case of solutions saturated with solid phases, the reac- 
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tions occurring in the system are best understood by studying the 
intersections of a series of planes with the binodal and saturation 
surfaces. Fig. 15 shows diagrammatically the curves of intersection 
on such a plane as ADL in Fig. 11. As in Fig. 12 (Part II), 
quV xyhk is the curve of intersection of the solid saturation surfaces, 
x and h lying on the critical curves SK,7' and QK,P respectively. 
The intersection of the plane with the stable binodal surface there- 
fore extends from z to h, as shown by the curve zdh in Fig. 15. 
In this figure it is assumed that Z represents a mixture of ether 
and water in which neither component is present in sufficiently 
large proportion to cause complete miscibility. quvryhkL repre- 
sents liquid mixtures. Those lying on zdhy are homogeneous; those 
on gquvzdhkL exist as two layers. If L is joined to x and h, and 
Lz and Lh are produced to meet AD in a and c respectively, the 
line AD, which represents mixtures of potassium and mercuric 
iodides, is divided into three parts. Points on Aa and cD represent 
mixtures which on addition to Z cause saturation without homo- 
geneity. Mixtures on ac, however, on addition to Z cause the 
liquid to become homogeneous before saturation is reached; for 
example, on adding the solid mixture } to the liquid Z, the mixture 
follows the line Zb. From L to d it exists as two layers; at d it 
becomes homogeneous, and then follows df until saturation is 
reached at f. The solid phase is necessarily potassium mercuri- 
iodide, mercuric iodide, or, if Lb passes through y, a mixture of 
the two. 

The position of Z on BC (Fig. 11) determines the positions of 
«x and y on the curves SK,7 and QK,P respectively. In most cases 
the plane ADL cuts the critical curve X,K, in a point e; ve and eh 
lie on opposite sides of this critical curve. When, therefore, Lb 
cuts ze, which represents upper or ethereal layers, the mixture 
becomes homogeneous by the disappearance of the lower layer and 
persistence of the upper. When it cuts eh (as in Fig. 15), which 
represents lower or aqueous layers, homogeneity ensues by the 
disappearance of the upper layer and persistence of the lower. 
When Zé passes through e, the two layers become identical. The 
curve zdh can lie entirely on one or other of the binodal surfaces 
without intersecting the critical curve. When it lies entirely on 
the part representing upper or ethereal layers, all mixtures become 
homogeneous by the disappearance of the lower layer; similarly, 
when it lies entirely on the part representing lower or aqueous 
layers, all mixtures become homogeneous by the disappearance of 
the upper layer. 
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The Formation of Three Inquid Layers, 


In a ternary system three liquid layers, unsaturated with respect 
to solid phases, arise through the intersection of three binodal 
curves (see Roozeboom, “Die Heterogene Gleichgewichte,” III, 
Part 2). In a quaternary system the three layers arise through 
the intersection of three “two-liquid volumes.” Fig. 16 shows the 
simplest case of this, where three liquid layers occur in the two 
ternary systems ACB and ADB. Thus, in the system ACB, aK,b, 
bK,c, cKga are the stable portions of three binodal curves inter- 
secting in a, b, and c. These points of intersection represent the 


Fic. 16. 


three conjugate liquids, the composition of which cannot vary in 4 
ternary system; similarly, in the system ADB, a’K,!/b’, b/K,'c', 
c!K,/A!' are the stable portions of the binodal curves, a’, b/, and c’ 
the three conjugate liquids: We have already seen that a binodal 
curve in a ternary system may be considered as arising from the 
intersection of the side-plane representing the ternary system, with 
the surface of a “two-liquid volume” in the quaternary system. 
It therefore follows that between each pair of binodal curves in the 
ternary systems ACB and ADB a binodal surface extends right 
through the four-component system. There are thus three binodal 
surfaces intersecting along the lines aa’, bb’, and cc’. These lines 
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represent series of three conjugate liquids, such that a solution 
represented by a point a” on the line aa’ is in equilibrium with 
solutions represented by definite points /” and ¢” on the lines bb/ 
and ce’ respectively. a” K,"c"K,"b"K," is a section across the 
space enclosed by the three binodal surfaces, such that a”, 6”, and 
c” are conjugate points. a” Ko"b", b"K,"cl’, and e!’K,!'a!’ are thus 
two-liquid areas, whilst a’b"c" is a three-liquid area. Any point 
in this triangle represents a mixture of the three liquids a”, 6”, and 
ce”, The position of the point shows the relative amounts in which 
these are present. 

From the consideration of a series of such sections it is clear 
that the volume enclosed by the three intersecting surfaces is 
divided into four parts, namely, three two-liquid volumes and a 
three-liquid volume, lying inside the others, of which a’b"c" is a 
section. 

In the system under consideration three liquid layers do not 


Me 
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AB represents boitom layers. BC represents middle layers. 
CD represents top layers. 


occur in any of the ternary systems. The three-liquid volume 
therefore lies entirely inside the tetrahedron. The three curves 
representing a series of three conjugate liquids have been deter- 
mined experimentally, and their form is shown graphically in 
Fig. 17, the same projection being employed as in Fig. 11 (Part II). 
The numbers obtained are given in table VI.* 


* In connexion with the experimental work involved in the three-liquid 
determinations, one point is of particular interest. It was found that three stable 
liquid layers could be ubtained easily when freshly purified ether was used, but that 
ether which has been kept some time, and liberated traces of iodine from 
potassium iodide solution, caused a curious form of metastability, which is best 
illustrated by the following experiments. A liquid mixture was prepared contain- 
ing 6°035 grams of potassium iodide, 11°067 grams of mercuric iodide, 9°447 grams 
of water, and 19°440 grams of freshly purified ether. This gave three liquid layers 
which were perfectly stable at 20°. The same mixture, in the preparation of which 
ordinary ‘‘ pure ” ether was used, gave only two stable layers at 20°. It was found 
possible, however, to prepare three metastable layers by gradually warming the 
mixture without agitation. Thus, the mixture existed as two stable layers at 10°, 
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TaBLE VI. 


The System: Ethyl Ether—Water—Potassium Iodide—Mercuric 
Iodide at 20°. 


Three liquid layers with no solid phase. 


Percentage composition Percentage composition Percentage composition 
of top layer. of middle layer. of bottom layer. 


. ~ F aes A, 
.H,0. KI. Hgl,. Et,O H,O. KI. Hgl.. Et,0.H,0. 


No. KI. Hgl,. Et, 

*57 21 62 883 3-4 16-7 30-8 23-4 29-1 16-7 30-8 23-4 29:1 
T58 2-2 6-2 87-9 3-7 16-6 30-9 23-2 29-3 —— — — — 
59 22 68 87-0 40 15-8 30-6 285 25-1 185 32-4 184 30-7 
160 283 68 86-7 42 143 204 333 230 — — — — 
1 — — — — 132 30-1 37-7 19-0 203 33-0 128 33-9 
62 2-7 7-7 85-4 42 13-1 28-7 38:7 19-5 20-5 32-9 12-9 33-7 
63 27 7-5 85-4 44 125 28-8 39-4 193 20-8 32:6 12-9 33-7 
64 4:1 12-8 77-5 5-6 10-3 26-6 47-7 15-4 21-9 34-2 12-4 31-5 
65 45 11-2 782 61 10:3 25-9 49-1 14-7 22-2 34:5 10-7 32-6 
66 5:8 16-6 68-9 87 88 21-9 580 11-3 22-4 35:9 101 31-6 
67 6-0 16:8 69-2 80 87 21-6 58-6 11-1 23-0 34:7 98 32-5 
§68 7-1 192 64:3 94 7-1 19:2 64-3 91 224 352 10-0 32-4 


* In No. 57, the middle and bottom layers are identical, that is, they form a 
critical solution. 

Tt Nos. 58 and 60 give the solutions left when the bottom layer has just 
disappeared, 

t No. 61 gives the solutions left when the top layer just disappeared. 

§ In No. 68, the top and middle layers are identical, that is, they form a 
critical solution. 


Any solution represented by a point on AB is equilibrium with 
solutions represented by points on BC and CD respectively. AB 
represents bottom, BC middle, and CD top layers. Conjugate 


but gave rise to three layers when placed in the thermostat at 20° without 
agitation. On shaking, however, the three layers, which were clearly metastable, 
immediately gave only two stable layers. It was further found that the relative 
amounts of the three metastable layers depended on the amount by which tlie 
temperature was raised without agitation. The same phenomena were invariably 
observed whenever a three-liquid mixture was prepared with ether which had not 
been freshly purified. 

It has not been found possible to investigate the matter further, so that the 
nature of the action of impure ether on the equilibrium existing between the three 
layers is still in doubt. The effects observed, however, were undoubtedly due to 
traces of impurity amounting to an almost negligible percentage of the total 
mixture, and it appears probable that these traces of impurity affected the surface 
ten-ion existing between two of the layers (the upper two in all cases investigated) 
to such an extent as to render equilibrium between them impossible. 

The ether ysed in the determinations was purified as follows: It was first shaken 
with dilute permanganate solution, slightly acidified with sulphuric acid, until the 
permapganate was no longer decolorised. It was then distilled and kept over 
anhydrous sodium carbonate for some days, when it was again distilled. A 
third distillation over anhydrous sodium carbonate completed the purification, aad 
the final product never produced metastability between three liquid layers. 
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solutions are lettered alike; thus 16, 2b, and 36 are in equilibrium 
with one another. A and C represent two conjugate liquids, such 
that when A (the lower layer) moves along AB, C (the upper layer) 
gives rise to two layers, which move along CB and CD respectively, 
as indicated by the arrows. When the top layer (No. 3) reaches D, 


ia the bottom (No. 1) and middle (No. 2) layers both reach B, where 
the they become identical, thus leaving only two layers, B and D, in 
over equilibrium. This reaction is reversible. Starting with B and D, 
when D, the upper layer, moves along DC, B, the lower layer, gives 
rise to two layers which move along BA and BC respectively. 


812 
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When the bottom layer (No. 1) reaches A, the middle (No. 2) and 
top (No. 3) layers reach C, and become identical, leaving only 
A and C in equilibrium. The changes may be represented thus: f 


Ly+L, —> 1,+1,+1, —> 1L,+h,+L, —» Int+Ly 


“¢ B 
and 
Lytly —> 1,4+L1,+L, > L,+1,+L, > In+k. 


—— —- 


Fig. 18 shows a type of equilibrium in which the intersection of 
three binodal surfaces gives rise to three-liquid curves similar to 


of 
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those shown in Fig. 17. The three surfaces, the critical curves of 
which are lettered K,, Ky, and K, respectively, intersect along 4B, 
BC, and CD, which are lettered to correspond with Fig. 17. The 
equilibrium is best understood by studying a series of sections 
across the figure, which are shown in detail in Figs. 19a, 19b, 19e, 
19d, 19e, 19f, and 19g. With regard to these, the following points 


Fic. 20. 


may be mentioned. In Fig. 18 BA,43D is the curve of intersection 
of two binodal surfaces, the critical curves of which meet at K,,.. 
Fig. 19a is a section of the space enclosed by these two surfaces. 
Any point on »K,pKy, represents a mixture of two conjugate 
liquids. Points on nXK,p represent mixtures of liquids on nA, and 
pK, respectively, lying on binodal surface 1, whilst those on nA gp 
represent mixtures of liquids on wy and py, respectively, lying 
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on binodal surface 3. Section (0) differs from (a) in that B is a 
critical solution, from which arise liquids s and ¢ of section (c). 
Sections c, d, end e show three-liquid areas, namely, stu, wyv, and 
xzhm respectively. In section (f) C is a critical solution formed 


from m and h of (e), which have become identical. (g) is the same 
as (a), with the difference that binodal surface 3 has been replaced 
by binodal surface 2. The three-liquid volume terminates in the 
lines BD and AC, and its general form is elear from sections (c), 


(d), and (e). 
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In the system under consideration two of the intersecting ‘“ two- 
liquid” volumes” are also intersected by side-planes of the tetra- 
hedron or by solid saturation surfaces. The curves formed by 
these intersections have already been considered. There is no indi- 
cation that the third “two-liquid volume” intersects either side- 
planes or solid saturation surfaces. Figs. 20 and 21 show modifica- 
tions of Figs. 18 and 19, which agree more closely with the facts 
just mentioned. Only a portion of binodal surface 1 is shown, this 
corresponding with the surface XVRSK,TUMYPK,Q of Figs. 11 
and 14. The critical curve of this surface, lettered K,, terminates 
in the points K, and K, of Fig. il. One of the other surfaces 


a” 


dal Surface — 


—— _ 


gives rise to the curves cpd and fng of Fig. 11, which show that the 
surface is not intersected across its critical curve. These inter- 
sections are not shown in Figs. 20 and 21, the significance of which 
will be readily understood by reference to Figs. 18 and 19, to which 
they bear a close resemblance. 

Fig. 22 shows the three binodal surfaces in positions which give 
rise to curves of intersection having the same relative positions 
as those of Fig. 17, and since it represents the actual equilibrium 
most nearly it will be well to consider it in some detail. The letters 
correspond with those of the preceding figures, AB, BC, and C) 
again representing the three curves of conjugate liquids. Surface 1, 
of which part only is shown, corresponds with 

XNRSK,TUMYPK,Q 
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of Figs. 11 and 14, and can be considered as lying in the plane 
of the paver. The stable portions of the two binodal surfaces inter- 
secting it are shown by AX,,.CB (No. 2) and BCDK,+, (No. 3). 
AB is the curve of intersection of surfaces 1 and 2, BC that of 
surfaces 2 and 3, CD that of surfaces 3 and 1. AB and CD there- 
fore lie.on surface 1, that is, in the plane of the paper, whilst BC 
only touches it at its end-points, B and C. AKj,1,C is the curve 
along which only surfaces 1 and 2 intersect, BK,,D that along 
which only surfaces 1 and 3 intersect. They therefore lie on 
surface 1, and are both critical curves. 

‘The parts into which the space enclosed by the binodal surfaces 
is divided are four in number, as follows: 

(1) The two-liquid space representing mixtures of two conjugate 
liquids lying on surface 1. This is bounded by the binodal surface 
itself, and the surface ABCD, formed by joining all pairs of 
conjugate points on AB and DC. It has already been defined as 
the space formed by joining all pairs of conjugate points on the 
binodal surface. 

(2) The two-liquid space representing mixtures of two conjugate 
liquids lying on surface 2. This is bounded by the binodal surface 
itself, ABCK,4 2, the surface AK,,,C formed by joining all pairs 
of conjugate points on AK,,,. and CK,+»., and the surface ABC, 
formed by joining all pairs of conjugate points on AB and CB. 
The space is thus formed by joining all pairs of conjugate points 
on the binodal surface. 

(3) The two-liquid space representing mixtures of two conjugate 
liquids lying on surface 3. This again is formed by joining all 
pairs of conjugate points on the binodal surface. It is bounded 
by the binodal surface itself, together with the surface BK,, 3D, 
formed by joining all pairs of conjugate points on BK,;, and 
DKy+3, and the surface BCD formed by joining all pairs of 
conjugate points on BC and DC. 

(4) The three-liquid space, representing mixtures of three con- 
jugate liquids lying on AB, BC, and CD respectively. This is 
bounded by the surface ABCD, formed by joining all pairs of 
conjugate points on AB and DC; the surface BCD formed by 
joining all pairs of conjugate points on BC and DC; and the 
surface ABC, formed by joining all pairs of conjugate points on 
AB and CB. The three-liquid space thus lies inside the surfaces 
formed by joining all sets of conjugate points on AB, BC, and 
CD. 

A consideration of Fig. 22 shows that the triangular planes 
formed by joining three conjugate points on AB, BC, and C/)) 
respectively are not parallel to one another. If a plane is drawn 
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so as to intersect the three-liquid space, it may cut the three 
conjugate curves in points which are either conjugate or not con- 
jugate with one another. The intersecting planes to be considered 
are those, representing mixtures in which ether and water bear a 
constant ratio to one another, such as ADZ in Fig. 11, and those 
drawn parallel to one side of the tetrahedron, representing mixtures 
with a constant percentage of one particular component. 

Fig. 23 is a section formed by a plane such as ADZ in Fig. 11, 
cutting through the three-liquid space and across the three conju- 


Fic, 23, 


A(KD) 


gate curves at a, b, and c respectively. The section of the three 
liquid space is shown on a larger scale in Fig. 24. 

We will first consider the case in which a, }, and ¢ are conjugate 
with one another. The significance of the areas into which 
RaK,bK.cG is divided will be clear from what has already been 
said with regard to the sections in Figs. 19 and 21. When a definite 
mixture of the two solid components is added little by little to the 
liquid mixture Z, the mixture so formed follows a straight line on 
the plane ADL, such as rvsyw in Fig. 24. As it moves along rv 
the two layers into which it separates follow Ra and Gc respec- 
tively, so that when the mixture is represented by v the layers are 
represented by a and c¢, When the mixture moves from v along 
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vs it enters the three-liquid area, and a third liquid, 6, begins to 
separate, a and ¢ remaining unchanged in composition. As s is 
approached 6 increases in amount, whilst ¢ decreases, until at s 
layer c entirely disappears, leaving a and 6. As the mixture then 
follows sy, the two layers follow aK, and 6K, respectively, until 
only solution y is left, the other quite disappearing. The homo- 
geneous liquid then follows yw, eventually, of course, becoming 
saturated. It is obvious that either the layer on aX, or that on 
bK, can disappear, or they can become identical, according to the 
position of the point y, at which rvsyw cuts the curve aK,b. When 
the mixture follows the line efghk the phenomena occurring are 


similar. Of the three-liquid layers, a, b, and c, however, a disap- 
pears, leaving only 6 and ¢ when the mixture reaches g. 

When the mixture follows a line such as pmbgq, passing through 
b, a slightly different behaviour occurs. At m, a and c represent 
the two layers, and as the mixture follows mb, the third layer 6 
separates, and increases in amount whilst a and ¢ decrease. At 
b, a and ¢ disappear simultaneously, leaving only 6, which then 
traverses the homogeneous area along the line bg. 

When the plane intersects the three-liquid space in such a way 
that a, b, and ¢ are not conjugate points, the section, although 
similar in form to that shown in Fig. 24, is no longer capable of a 
quantitative interpretation. Thus, a point inside the triangle 
abe represents a mixture of three layers, but these are not repre- 
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sented by the points a, 6, and c. The plane cuts across a number 
of conjugation triangles, so that as the mixture follows the line vs 
or fg the three layers change, not only in amount, but in composi- 
tion. Similarly, the compositions of the layers composing mixtures 
on the two-liquid areas are not given by points on the bounding 
curves. 

A plane can intersect the three-liquid space in a variety of ways, 
giving rise to various special forms of sectional curves, such as those 
formed when the plane intersects the three-liquid space without 
cutting all three conjugate curves (AB, BC, and CD). The forms 
of these various sections can be readily determined, and will not 
be considered here. 


The author desires to acknowledge a grant from the Chemical 
Society towards the expenses of this research. 
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CCXLVII.—Resolution of trans-cycloPentane-1 : 2-di- 
carboxylic Acid. 


By Leonarp James GoLDswortHy and WILLIAM Henry 
PERKIN, jun. 


In accordance with the theory of Le Bel and van’t Hoff, many 
of the dicarboxylic acids of the cyclic hydrocarbons should be 
capable of resolution into optically active modifications. Hitherto, 
only two acids of this type have been investigated in this respect, 
and the first to be resolved was trans-hexahydrophthalic acid: 
CO,H 1} 
™~\ Fs 
CH,"CH,-O 
CH,°CH,°C 
H CO,H 
In 1899, Werner and Conrad (Ber., 32, 3050) showed that this 
externally compensated acid may be resolved into its active 
modifications by the fractional crystallisation of the quinine salts, 
and the active acids were found to have a, +18°2° and —18°5° 
respectively. These investigators also showed that, whilst the ex- 
ternally compensated acid is almost insoluble in water and melts 
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at 215°, the d- and /-modifications melt at 179—183°, and are 
much more soluble; again, the anhydrides of the active acids melt 
at 164°, or considerably higher than that of the dl-acid, which 
melts at 140°. Furthermore, the conversion of the acids into 
their anhydrides is attended by a reversal and at the same time 
considerable increase of the rotation, since the d-acid (a, +18°2°) 
yields an anhydride with a, —76°7°; the dimethyl esters have the 
same sign as their acids and the rotations a, + 28°6° and —29°6° 
respectively. At a later date (Ber., 1905, 38, 3112), Buchner 
and von der Heide investigated trans-cyclopropane-1 : 2-dicarb- 
oxylic acid, 

/-CH-CO,H 
*<H-00,H 
and showed that this acid can be resolved into its active com- 
ponents by the fractional crystallisation of the salts with brucine, 
quinine, or cinchonidine. The active acids melt at 175°, that is, 
at the same temperature as the di-acid, and have a, +84°5°; all 
attempts to prepare the anhydrides of these acids have been un- 
successful, since they distil unchanged and are not acted on by 
acetyl chloride. 

Some years ago, a series of experiments was commenced in 


CH 


the Laboratories of Manchester University by one of us in con- 
junction with Mr. H. D. Gardner with the object of effecting 
the resolution of trans-cyclopentane-1 :2-dicarboxylic acid, 
Oe’ *CH-CO,H 

"oe, -CH: CO,H 


CH 


(Perkin, T., 1887, 51, 244), but the investigation was not 
completed. 

We have now taken up the subject again and find that resolution 
may be readily and completely brought about with the aid of 
brucine. 

When the dl-acid is combined with brucine and the mixed salts 
are recrystallised from water, the salt of the d-acid separates first 
and is readily obtained pure by repeated recrystallisation. The 
lacid may then be recovered from the mother liquors in the 
manner described on p. 2643. The observed rotations of the d-and 
modifications were a, +87°6 and ~—85°9 respectively, and those 
of the corresponding ethyl esters, a, +70°31° and —69°76°. The 
d- and I-modifications of cyclopentane-1:2-dicarboxylic acid melt 
at 181° or 21° higher than the melting point of the dl-modifica- 
tion (m. p. 160°). For the sake of ready comparison, the rotations 
and melting points of the frans-cyclopropane-, -pentane-, and 
-hexane-1 :2-dicarboxylic acids are appended in tabular form: 
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M. p. of 
ites ie d- and /- 
d-acid. l-acid. acids. 


trans-cycloPropane- 
1 : 2-dicarboxylic acid “5° 175° 
trans-cycloPentane- 
1 : 2-dicarboxylic acid — 85-9° 181° 
trans-cycloHexane- 
1 ; 2-dicarboxylic acid +18-2° — 18-5° 178—183° 
It would be interesting to fill up the gap between trans-cyclo- 
propane-1 :2-dicarboxylic acid and the corresponding cyclopentane- 
dicarboxylic acid by the resolution of trans-cyclobutane-1 : 2-di- 
carboxylic acid, 
CH,-CH-CO,H 
CH,°CH'CO,H ° 
but, unfortunately, the preparation of this acid (T., 1894, 65, 585) 
in quantity sufficient for resolution is most troublesome and, 
although experiments with this object have been commenced, we 
have not yet been able to separate the active modifications in a 
pure state. 


EXPERIMENTAL. 
d-trans-cycloPentane-1 :2-dicarboxylic Acid. 


The dl-trans-cyclopentane-1:2-dicarboxylic acid employed in 
these experiments was prepared by the method described by Perkin 
(T., 1887, 51, 240; compare T., 1894, 75, 586). The pure acid, 
in quantities of 15 grams, dissolved in hot water, was mechanically 
stirred, and brucine (90 grams) gradually added, when the alkaloid 
readily dissolved. The excess of brucine was filtered off, well 
washed with hot water, and the filtrate and washings were con- 
centrated on the water-bath until crystals just commenced to form 
on the surface. When the liquid was cooled and vigorously stirred, 
a copious crystallisation took place, and the whole became semi- 
solid ; the crystals were then collected and repeatedly recrystallised 
from hot water. During this operation, the progress of the separa- 
tion of the brucine salt of the d-acid from that of the /modi- 
fication was followed with the polarimeter, and the table given 
below shows that the separation is nearly complete after six crys- 
tallisations, since the difference between the rotation of this crop 
and of that obtained as the result of the twelfth crystallisation 


is very small, 
Weight of 
No. of substance. Observed Specific 
crystallisation. Gram. rotation. rotation. 
Ist crop 0-5250 — 1-68° —32-1° 
3rd_,, 0-4566 —1-14° — 25-0° 
6th ,, 0-5050 —1-15° — 22-8° 
12th ,, 0-2612 —0-51° —19-9° 
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A specimen of the pure brucine salt was subsequently prepared 
by adding excess of brucine to the hot dilute aqueous solution of 
the pure d-acid (see below), and, after filtering, the solution was 
allowed to ‘crystallise slowly over sulphuric acid, when large, 
brilliant, tabular crystals separated. As these crystals effloresce 
in a vacuum desiccator, they were dried by exposure to air, and 
then analysed : 


0°1314 gave 0°2782 CO, and 0°0859 H,O. C=57°7; H=7°3. 
05079 ,, 22°6 c.c. Ny at 19°8° and 753 mm. N=5'l. 
2Co3Hog0,No,C7H,,0,,9H,O requires C=574; H=7'2; N=5'l 
per cent. 


That the salt has this composition was confirmed by the fact 
that 0°2316 gram, heated for one hour at 125°, lost 0°0336 H,O, 
whereas the calculated loss for 9H,O is 0°0339 gram. 

In order to obtain the pure d-acid, the brucine salt from the 
twelfth crystallisation was dissolved in hot water, the brucine 
precipitated by ammonia and, after filtering and washing, the 
solution of the ammonium salt was concentrated and acidified 
with hydrochloric acid when, on cooling, the d-acid separated 
in plates, and melted at 178—180°. After completely decolorising 
with the aid of animal charcoal, and twice crystallising from 
water, the acid melted at 181°, and 0°1752 dissolved in water 
(20 c.c.) gave, in a 2-dem. tube, a rotation of +1°535°, whence 
a, +87°6°. On titration, 0°1778 required 0°0898 NaOH for 
neutralisation, whereas this amount of an acid, C;H,(CO,H),, 
should neutralise 0°0900 NaOH 

The d-ethyl ester, C;H,(CO,Et),, was prepared by boiling the 
d-acid with five times its weight of 10 per cent. alcoholic sulphuric 
acid for six hours; water was then added, the ester extracted with 
ether, and, after washing with water and dilute sodium carbonate, 
the ethereal solution was dried, evaporated, and the ester distilled 
under diminished pressure. 

It boiled constantly at 170°/100 mm., and 0°2596, dissolved in 
acetone (20 c.c.), gave, in a 2-dem. tube, a rotation of + 1°825°, 
whence a, + 70°31°. 

The d-Anilide, C;H,(CO-NH-C,H;)..—-In order to prepare this 
derivative, the d-acid was heated with thionyl chloride in a sealed 
tube in boiling water for an hour, the clear liquid evaporated on 
the water-bath, and the residual acid chloride dissolved in benzene 
and mixed with excess of aniline. The benzene was removed by 
evaporation, the residue stirred with dilute hydrochloric acid, and 
the crystalline precipitate collected and recrystallised twice from 
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methyl alcohol, in which it is sparingly soluble, separating as a 
voluminous mass of needles melting at 245—247° (uncorr.): 


0°2756 gave 21°7 c.c, N, at 18°4° and 762 mm. N=9'l. 
C9H.O,N. requires N=9'1 per cent. 

01708, dissolved in acetone (20 c.c.), gave, in a 2-dem. tube, 
the rotation +1°880°, whence a, +110°1°. 

Attempts which were miade with the object of preparing the 
anhydride of the d-trans-acid were not successful and the results 
obtained seem to throw some doubt on the existence of this 
anhydride. Since, however, trans-cyclohexane-1 : 2-dicarboxylic acid 
(trans-hexahydrophthalic acid) yields an anhydride without diffi- 
culty (Baeyer, Annalen, 1890, 258, 179), there is every reason 
to suppose that the anhydride of trans-cyclopentane-1 : 2-dicarb- 
oxylic acid should also be capable of existence, but it is doubtful 
whether the substance described by Haworth and Perkin (T., 1894, 
65. 985) can be accepted as this anhydride. 


l-trans-cycloPentane-1 : 2-dicarboaylic Acid. 


In order to obtain this acid, the mother liquors from the first 
six crystallisations of the brucine salt of the dl-acid (p. 2641) were 
concentrated until crystals began to appear on the surface of the 
brown liquid. The salt, which separated in quantity on cooling, 
was dissolved in hot water, the solution decolorised with animal 
charcoal, and the crude /-acid isolated in the manner described 
in the case of the d-acid 

This acid is readily obtained pure simply by recrystallising four 
times from water, it then melted sharply at 180—181°, and 0°2363, 
dissolved in water (20 c.c.), gave, in a 2-dem. tube, a rotation of 
—2°03°, whence a, —85°9°. On titration, 0°3110 required 0°1568 
NaOH for neutralisation, whereas this amount of an acid, 
C;H,(CO,H)., should neutralise 0°1575 NaOH. 

The l-ethyl ester, C;Hg(CO,Et),, obtained in the manner described 
in detail in the case of the ester of the d-acid,. distilled at 
170°/100 mm., and 0°3326, dissolved in acetone (20 c.c.), gave, 
in a 2-dem. tube, a rotation of —2°32°, whence a, — 69°76°. 

Tur UNIvEerRsITY Museum, 

OXFORD. 


I 


2644 KENYON AND PICKARD: INVESTIGATIONS ON DEPENDENCE 


CCXLVIII.—Investigations on the Dependence of 
Rotatory Power on Chemical Constitution. Part 
IX. The Rotatory Powers of 1-Naphthyl-n-heayl- 
carbinol and its Esters. 

By JosrepH Kenyon and Rosert Howson Pickarp. 


THIRTY-EIGHT optically active carbinols of the formula 
R,CH(OH)-R, 

have been descriked so far in this series of investigations, and with 
one exception have been shown to possess certain characteristics as 
regards dispersive power. Thus their rotatory powers for light of 
wave-length ranging from that of sodium yellow to that of mercury 
violet not only increase continuously with decreasing wave-length 
(that is, the compounds exhibit what is commonly spoken of as 
normal dispersive power), but also conform to the law of simple 
dispersion expressed by Drude’s equation with one term, 
a=k/A?—AS (compare Lowry, Pickard, and Kenyon, this vol., 
p. 94). Further, a dispersion ratio, such as, for example, 
Hg, is in the cases of many of the carbinols approximately 
constant over a range of temperature extending up to their boiling 
points, and even in the others varies only to a very slight extent, 
whilst the dispersion ratio is only affected to a very slight extent 
by solvents. It is probable, however, that this is a special property 
of this class of compounds, the rotatory powers of which are not 
affected to any large extent by increase of temperature or solution. 
Indeed, on reference to the “ characteristic diagrams ” (for example, 
see Part V., this vol., p. 847) for a homologous series of such 
carbinols these properties appear as an obvious arithmetical fact, 
since the violet and green lines of the diagrams intersect so close 
to the zero. It should, however, be borne in mind that the method 
of plotting rotation data known as “characteristic diagrams’”’ as 
developed by the piesent authors for the correlation of the rota- 
tion data of many compounds of allied structure—whilst proving 
extremely useful in several directions—is, however, largely empiri- 
cal, having been devised originally on theoretical grounds by 
Armstrong and Walker (Proc. Roy. Soc., 1913, [A], 88, 388) to 
aid in the explanation of the anomalous dispersion of a compound 
by assuming the presence in it of two dynamic isomerides of 
different optical properties. 

It also seems desirable to suggest that inferences drawn from 
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variations in the magnitude of a dispersion ratio are likely to prove 
misleading, whilst the use of negative and positive signs for such 
ratios in the region of what is commonly known as anomalous 
dispersion has apparently no meaning whatever. 

Among the carbinols referred to above the conspicuous excep- 
tion is /-l-naphthylmethylearbinol (Part VI., this vol., p. 1116). 
The rotations of this compound appear to obey the law of simple 
dispersion only at temperatures above 160°, whilst in the super- 
cooled state the carbinol exhibits the phenomenon known as anoma- 
lous dispersion at and below a temperature of about 10°. So 
extraordinary, then, are the optical properties of this carbinol that 
it seemed desirable to investigate some of its homologues, but owing 
to the many experimental difficulties only d-1-naphthyl-n-hexyl- 
carbinel has been prepared. 

The properties of the new carbinol are quite analogous to those 
of the corresponding methyl compound. Thus in the homogeneous 
state (see Fig. 1 and table I) the dispersion is “anomalous” (for 
yellow to violet light) at temperatures between about 22° and 38°, 
but the rotations conform to the law of simple dispersion at about 
and above a temperature of 180°. The regular character of the 
rotation curves seems to negative any suggestion that the anoma- 
lous dispersion is due specially to polymerisation in the neighbour- 
hood of the melting point of the carbinol, although they show that 
the cause of the “anomaly” is gradually removed by increase of 
temperature. 

The majority of chemists appear to favour the explanation of 
anomalous dispersion in compounds of simple constitution by the 
assumption of the presence in what is otherwise the homogeneous 
compound of two dynamic isomerides differing in optical sign and 
dispersive power. It has been suggested already (Part VI., oc. cit.) 
that in the case of these naphthylcarbinols such isomerides are 
caused by a difference in the disposition of the valencies in the 
naphthyl radicle. An alternative suggestion made by Patterson 
(T., 1913, 108, 145) that this phenomenon is due to a succession 
of maxima and minima on the rotation curves occurring at different 
temperatures for light of various refrangibilities, whilst very diffi- 
cult of direct experimental test, is nevertheless rendered very 
doubtful in the authors’ opinion by the accumulation of data 
recorded in these investigations. 

It has now been shown that the presence in an optically active 
compound of a naphthyl group attached at the ‘“a”-position or 
of an esterified carboxylic group is associated very frequently with 
the phenomenon of anomalous dispersion. In each case tempera- 
VOL. CV. 8K 
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ture has a great effect on the phenomenon, increase of temperature 
destroying it in the case of naphthyl compounds, but bringing it 
to view in the case of the esters. It is desirable, however, that the 
term “anomalous” dispersion should no longer be used. Portions 


Fia. 1. 


influence of ‘Temperature 
on the Specific Rotatory Powers (<]5 
of 


@-1-Naphthy!-n-Hexyicarbinol 


+60° 


x +40° 
3 
S 
QR 
> 
S 
8 
= 1420 
= 1+20° | 
ss 
8 
oy 
| 0° 
Enlarged portion 
af the other 
curves between 
+3° and +16° 
I-20 
|! . 
Q° 4° 60° go°__ 35° 45 


Temperature. 


of the rotation curves on either side of the region of ‘‘ anomalous” 
dispersion have dispersion ratios which rapidly increase or decrease. 
“ Anomalous” dispersion as commonly understood refers as a rule 
merely to portions of the rotation curves artificially selected accord- 
ing to the wave-lengths of light under consideration. In view of 
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Lowry’s work (T., 1913, 108, 1067 e¢ seg.) it is much better to 
use only the terms simple and complex as applied to dispersive 
power according as the rotations conform to Drude’s equation with 
one or more terms. 

Among the large number of compounds studied in these investi- 
gations the 1-naphthylcarbinols at low temperatures and the esters 
described in the authors’ previous communications at high tem- 
peratures tend, then, to exhibit complex dispersive power, the 
dispersive power becoming simple in each case if the conditions of 
temperature are reversed. 

These generalisations* are confirmed by the optical properties of 
the esters of the two naphthyl carbinols with normal fatty acids, 
since it has been found that the acetate of /-l-naphthylmethyl- 
carbinol and a homologous series of esters (ranging from the acetate 
to the n-undecoate) of d-1-naphthyl-n-hexylcarbinol each exhibits 
complex dispersive power at all temperatures from 20° to 200°, the 
limits of the experimental conditions. The dispersion ratios for 
these esters are not affected much by temperature, and are nearly 
identical throughout the series. This is noteworthy, not only 
for the exceptions, but also as occurring in a series all members 
of which have complex dispersions. The dispersion ratios of each 
ester, however, are about 5 per cent. greater in carbon disulphide 
solutions than in the homogeneous state. 

The configurations ascribed to /-l-naphthylmethylcarbinol and 
d-\-naphthyl-n-hexylearbinol, although these compounds and some 
of their derivatives are under certain conditions dextro- and levo- 
rotatory respectively, are justified by drawing the characteristic 
diagram for each carbinol, when it will be found that the two 
diagrams form exact mirror images of one another. As has been 
already mentioned, such diagrams are based on the assumption 
of the presence in the carbinols of two dynamic isomerides differing 
in optical sign and dispersive power, but in the case of the esters 
of these carbinols there may be assumed to be present four dynamic 
isomerides in each ester. It is therefore not surprising that the 
rotation data for the esters recorded in the experimental part 
cannot be correlated on the characteristic diagrams of the carbinols, 
although these four dynamic isomerides would in pairs have the 


same optical sign. 


* The authors are aware that many of the generalisations stated in this and 
previous papers of the series are open to the criticism that the same are based on 
polarimetric readings of small magnitude. However, they feel that the concordant 
results which have now been obtained for a very large number of compounds justify 


their generalisations. 
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The trend of the values of the molecular rotatory powers of the 
members of this series of esters is dissimilar to those of the other 
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series of esters described in these investigations. Thus it will be 
seen from Fig. 2 that the curves connecting molecular weight and 
molecular rotatory power determined under several conditions of 
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hexoate (or valerate). 
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temperature and solution show maxima at the propionate and 
octoate in addition to the maximum so commonly exhibited at the 


Fig. 3. 
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This somewhat irregular result is perhaps 
not surprising in a series of esters of such complexity, that is, as 
compared to the esters previously described, which have been those 
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of carbinols of simple structure (compare, however, Part III., T., 
1912, 101, 1430). To explain this is difficult, but it is significant 
that the maxima at the propionate and octoate follow one another 
at points in the series in the interval between which the chain has 
grown by five carbon atoms, that is to say, at the octoate the 
growing chain may be assumed to have all but returned on the 
position occupied by it in the propionate. It is, however, possible 
that the mass of the growing chain as it approaches (or just exceeds) 
that of one of the other groups (for example, the hexyl or naphthyl 
group) may have an additional effect on the molecular rotatory 
power and cause some special exaltation. 

In Fig. 3 the effect of temperature on the rotatory powers of the 
esters is illustrated. In general this effect (within the experimental 
limits) is a commor one on all the members of the series, although 
there is a significant change of slope in the curve for the octoate. 


Tasie I. 
d-1-Naphthyl-n-hexylcarbinol. 
Dis- 
Temper- persion 
ature. Di. [aj [ale [a]vie [M].. (Ml. ([M]i. He. 


10° =: 11-0310 —11-26° —14-89° —40-25° —27-24° —36-03° —97-40° 2-704 
20 1-0232 —1-51 —2-05 —12-75 —3-66 —4-97 —30-85 6-213 
40 1-:0075 +12-46 +13-85 +1692 +30-:15 +33-52 +40-96 1-222 
60 0-9911 23-29 26-89 40-41 56-35 65-07 97-79 1-503 
80 0-:9754 31-22 37-47 58-95 75-54 90-67 142-7 1-573 
100 0-9600 37:50 44-37 72-95 90-74 107-4 176-5 1-644 
120 0-:9444 41-03 48-78 82-58 99-28 118-0 199-8 1-692 
140 0-9285 42-71 51-34 87-26 103-4 124-3 211-2 ~=1-700 
160 0-9129 43-82 52-86 89-82 106-0 127-9 217-4 1-699 
180 0-8970 44-13 53-67 90-86 106-8 129-9 219-9 1-693 
0-8813 42-62 51-06 86-26 103-0 123-6 208-6 1-689 
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EXPERIMENTAL. 


dl-1-Naphthyl-n-hexylcarbinol, 
C,,>H,-CH(OH)-CH,°CH,°CH,CH,°CH,°CHsg. 


The reaction between magnesium l-naphthyl bromide and n-hept- 
aldehyde proceeds smoothly only under certain conditions. The 
naphthyl bromide should be free from the dibromide commonly 
present in the commercial product, and the aldehyde should be 
freshly distilled. The aldehyde, dissolved in ten times its volume 
of ether, should be added very slowly to an excess of a dilute 
ethereal solution of the bromide, which -is at the time reacting 
with slightly less than the calculated amount of magnesium, the 
temperature of the whole being kept at that of a mixture of ice 
and salt. The products of the reaction should be poured on to a 
mixture of ice and dilute sulphuric acid as soon as the addition 
of the aldehyde solution is complete, and then immediately extracted 
with ether. Much naphthalene being formed in the reaction it is 
preferable to remove it along with the ether and unchanged 
aldehyde by distillation in a current of steam. The residue is 
again dissolved in ether, carefully dried, and fractionally distilled 
under a pressure of 3 mm. All the carbinol is in the portion 
boiling above 160°, whilst the lower fractions contain the corre- 
sponding unsaturated hydrocarbon and the unchanged naphthyl 
bromide. In one series of operations, working with 620 grams of 
the bromide and 228 grams of n-heptaldehyde, the yield of carbinol 
was 370 grams. 

dl-1-Naphthyl-n-hezylearbinol boils at 184°/4 mm., and on keep- 
ing sets to a crystalline mass, which crystallises from light petroleum 
in feathery needles melting at 41—42°. When guarded from the 
accidental access of crystal nuclei, it will remain for some time in 
the supercooled condition, but solidifies rapidly when seeded. 

The hydrogen phthalate, prepared by the method described in 
Part IV. (loc. cit., p. 1126), is only sparingly soluble in light 
petroleum, and is best crystallised from a mixture of this and 
benzene, from which it separates in slender needles melting at 
102—104°: 


0°2245 neutralised 0°0226 NaOH. M.W.=397. Cale. M.W.=390. 


Resolution of Hydrogen Phthalate. 


The fractional crystallisation from acetone of the brucine salts 
of the (d+) phthalic ester yields readily the salt of the d-ester, 
the process being carried out in the manner previously described 
in detail (see inter alia, T., 1912, 101, 634). The ester (514 grams) 
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was dissolved in warm acetcne (14 litres), digested with brucine 
(614 grams), and set aside to crystallise. The first crop weighed 
300 grams, and was then recrystallised six times. The seventh 
crop weighed 160 grams, and was the pure /BdA salt, which melts 
and decomposes at 124—-125°. Two successive series of operations 
with the mother liquors comprising respectively eight and nine 
crystallisations yielded further lots of the salt amounting to 54 and 
15 grams respectively. Samples of the salt from the fifth and 
seventh crops of the first series of crystallisations and from the 
final crops of the second and third series yielded hydrogen phthal- 
ates which had respectively [a],, —23°01°, —22°46°, —22°42°, and 
—22°62° respectively in (approximately) 5 per cent. ethyl-alcoholic 
solution. 

d-1-Naphthyl-n-hexylcarbinol boils at 178°/3 mm., solidifies in 
stellate nodules, and melts at 41°5°. 

The corresponding d-hydrogen phthalate solidifies in crystalline 
nodules, melts at 91°, and is soluble in all the common organic 
media. The crystalline sodiwm salt, which was obtained by the 
neutralisation of a solution of the ester in methyl alcohol with 
sodium methoxide and subsequent removal of the solvent in a desic- 
cator, is decomposed by water. 

Normal Esters of the Carbinol.—Of the esters prepared (see 
table IV) the acetate, propionate, and n-butyrate were obtained by 
the interaction of the carbinol and the respective anhydrides, whilst 
the others were prepared by the action of the respective acid 
chlorides on solutions of the carbinol in pyridine. They are all 
viscous liquids at the ordinary temperature, and have no odour, but 
the higher members of the series often develop a faint yellow 
bloom, which is difficult to remove by redistillation, thus render- 
ing uncertain any polarimetric readings in the green, and par- 
ticularly in the violet portions of the spectrum. 


TaBieE IV. 
Esters of d-1-Naphthyl-n-hexylcarbmol. 


B. p. D?. n?, (n—1)/d.M. [a]. [M]>- 
Acetate ......... 167°/2-5 mm. 1-0262 1-5471 151-3 +23-85° +67-74° 
Propionate ... 169°/2 ,, 1:0147 1-5403 158-7 28-59 85-17 
n-Butyrate ... 1849/3 ,, 1:0050 1-5365 166-6 27-02 84-29 
n-Valerate ... 187°/25 ,, 09974 1-5332 174-3 22-23 72-47 
n-Hexoate ... 198°/2-5 ,, 0-9894 1-5289 181-8 21-12 71-81 
n-Heptoate ... 207°/3 ,, 0-9830 1-5271 189-8 19-63 69-50 
n-Octoate ...... 214°7/3 = ,, «20-9797 «15249 197-1 21-13 77-75 
n-Nonoate...... 222°/4 ,, 0-9726 1-5225 205-2 19-06 72-85 
n-Decoate ... 224°/2-5 ,, 0-9693 1-5208 213-0 17-13. 67-82 


n-Undecoate... 232°/25 ,, 0-9614 1:5188 221-0 16-44 67-39 
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Determinations of Density (D{) and Rotatory Power (a mm.) of 
the Carbinol and Esters in the Homogeneous State. 


The procedure in the determinations of rotatory power and 
density was the same as described in Part VIII. (this vol., p. 2270). 


d-1-Naphthyl-n-hexylearbinol., 


NNN eciccesnnssss- 31° 63° 9° 146° 
Oe | ipitsicddign dies 10147 0-9890 0-9668 0-9234 
Temp. 15° 24° 26-5° 28° 36° 38° 425° 44° 49° 
a, ...—6-O4° +3-26 3-88° 4-36° 10-12° 11-40° 13-60° 14-94° 17-50° 
53° s«8°«G4 7628 s«d104®-—s«1:19° 145° 169° 194° 
+-20-00° 22-00° 25-14° 29-10° 35-72° 36-52° 38-80° 39-60° 40-10° 38-20° 


Temp. 15° 24 25 26-5° 28° 32-5° 39° 43° 
Rasrecans —8-12° +2-30° 2-48° 3-54° 4-78° 8-20° 12-90° 16-52° 
49° 55° 58 69° 103-5° 125° 145° 168° 199° 
20-32° 23-70° 25-34° 31-86° 43-34° 46-80° 47-90° 48-30° 45-16° 
Temp. 15° 24° 25°: 26-5° ss 28° 32° 39° 43° 50° 
@yi .--—24-82° —6-00° —5-06° —3-34° —0-76° +5-10° 14-24° 21-48° 29.20° 
56° 58° 69° 73° 104° 125° 143° 169° 199° 


36-42° 37-48° 49-42° 50-90° 72-20° 79-20° 81-04° 81-90° 76-10° 


Acetate of d-1-Naphthyl-n-hexylcarbinol. 


MN, ic5sGpasadeces 19-5° 54° 90° 132° 

ER 1-:0266 1-0001 0-9699 0-9371 

ee 21° 47° 83° 104° 123° 154° 185° 

A REO ie Be +24-56° 29-90° 34:58° 36-68° 37-58° 38-64°  38-60° 

ORI. ciiereses 21° 49° 83° 104° 123° 158° 195° 

iii “wscsiasns +25-96° 31:54° 36-50°  38-26° 39-68° 40-58°  39-70° 
BI. siciidicos 21° 49° 83° 104° 123° 153° 190° 

iy acanmisaduie’ 29-72° 36-50° 42-00° 44-10° 45-66° 46-90°  46-00° 
nan 21° 49-5° 83° 104° 123° 158° 190° 

Sept ETS -+54-88° 67-42° 78-30° 2-18° 85-00° 87-20° 86-70° 


Propionate. 


a 20-5° 56° 94° 134° 
D dsnsknien tee 10144 0-9885 0-9574 0-9208 
Team. ...:...:; 24° 54° 68° 97° 123° 153° 190° 

+ ice RC 4-29-96° 35-32° 37-08° 39-88° 41-00° 41-40° 41-22° 
Temp. ......... 24° 2° 75° 96° 123° 152° 190° 
Cie ssrscsees 4+31-42° 36-56° 39-30° 41-80° 42-70° 43-34° 42-94° j 
a 24° 52° 76° 96° 123° 152° 190° 


poceussoeseceres +36-26° 42-46° 45-86° 48-04° 49-46° 50-24°  49-80° 


24° 51° 76° 96° 
b canneiowncsntes +67-80° 79-00° 86-10° 90:30° 92-96° 94-16°  93-48° 


i ee 


TEE ‘sccsisess 18° 61° 97° 134-5° 

apres 10066 0-9739 0-9459 0-9155 

DN ssenisccs 20° 30° 60° 85° 105° 121° 163° 195° 

ie rake bii 4+27-12° 28-94° 32-78° 34-86° 35-92° 36-28° 36-76° 36-42° 

TOE 6ccseces 20° 57° 85° 105° 121° 163° 195° 

ettin winnie 1 28-30° 34:26° 36-60° 37-78° 38-18°  38-56° 38-18° 

air - seahiuntinaes 1 32-70° 39-54° 42-50° 43-60° 44:34° 44-60° 44-02° 

ee 20° 56° 84° 105° 121° 163° 195° 

We acosdauanenurat -.60:50° 73-:70° 79-20° 81-90° 82-78° 83-66° 82-46° 
n-Valerate. 

BMI ssccncccs 20-5° — 56-5° 93° 132° 

Secor 0:9956 0-9694 0-9410 0-9088 

Temp. ......... 23° 45° 65° 7° 119° 138° 182° 

eae 1-22-58° 25-68° 27-68° 29-38° 30-72° 31-10° 30-90° 

DE csiisscts 23° 47° 87° 120° 138° 182° 

ails. — aocinenen 1. 23-68° 27-01° 30-74° 32-26° 32-56° 32-32° 

TRO. dsiscins 23° 47° 87° 121° 138° 182° 

idcmaitgnasoniiegee 4+27-28° 31-22° 35-48° 37-26° 37-66°  37-38° 

DO vniscces 23° 47° 87° 122° 138° 182° 

tc 1 50-70° 58-80° 66-42° 69-84° 70-58° 70-08° 
n-Hezoate. 

Temp. ...... 19° 57° 97° 146° 

Be decekxhs 0:9897 0-9636 0-9285 0-891] 

Temp. ...... 20° 48° 60° 72° 107° «6180° 152° 8170° 

id 4+20-90° 24-36° 25-30° 25-90° 27-40° 27-80° 28-14° 28-16° 

Temp. ...... 20° 49° 58° 76° 109° 129° 153 170° 

eile ipekes .22-12° 25-80° 26-46° 27-68° 29-16° 29-38° 29-70° 29-74° 
n-Heptoate. 

| 18° 53-5° 97° 141° 

iiasaaiieas sede voided 0-9825 0-9584 0-9220 0-8874 

I ceiiiacciintess 20° 56° 82° 114° 148° 

a ed RR Rat eo +19-30° 22-66° 24-18° 24-84° 24-92° 

MI icsiesiteuctnimass 20° 53° 87° 116° 148° 

Midkad  snsckoccesammmide +. 20-24° 23-66° 25-40° 26-04° 26-14° 

I se vinniididicmeeonn 20° 52° 86° 117° 148° 

hs. saccsanictacemitasas 423-28 26-76 28-88 29-82° 30-00° 
n-Octoate. 

MN scnitsintnibeaiinininn 18° 55° 92° 144-5° 

aii thitaie canta de 0-9806 0-9549 


n-Butyrate. 


OF ROTATORY POWER ON CHEMICAL CONSTITUTION. 
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n-Octoate (cont inued). 


ae 20° 44° 58° 69° 88° 120° 143° 172° 
ek -+20-70° 22-94° 23-84° 24-36° 24-80° 25-50° 25-34° 25°04° 
MED. caccssscse 20° 45° 68° 91° 118° 143° ep 
Gecliow <sc00ess |. 21-66° 24-24°  25-80° 26-:00° 26-76° 26-62° 26-26° 
Mie” -wbnccedexeed |. 24-94° 27-88° 29-84° 29-96° 30-74° 30-68° 30-36° 
Ps s:ccdsanes 20° 45° 67° 90° 117° 143° 
il <ichactacdecane +46-60° 52-28° 55-74° 56-48° 57-60° 57-60° bi 
n-Nonoate. 
Temp 1 be 59° 95° 144-5° 
RIES 0-9734 0-9442 0-9157 0-8800 
Temp 18° 35° 72: 98° 136° 163° " 
a Geeks + 18-30° 20-20° 21-92 22-40° 22-60° 22-44° } 
Temp. ... 18° 58° eh 101° 136° 164° ] 
PI +18-92° — 22-00° 22.605 23-24° 23-64° 23-40° 
Temp. 18° 60° 74° 101° 136° 164° 
he vincoeund 22-00 25-60 26-26° 27-00° 27-38° 27-10° 
n-Decoate. 
: er 20-5° 58° 94° 132° P 
ER 0-9674 0-9410 0-9137 0:8832 
BD. oceans 20° 56° 95° 133° 
i “asusasavnnns + 16-60° 19-00° 20-40° 20-78° 
Teme. ....... 20° 49° 95° 133° 
ik <<enensess +17-54° 19-38° 21-18° 21-60° 
Me cicieseagasas 20-16° 22-46° 24-44° 25-00° 
n-U ndecoate. 
cae 20-5° 58° 94° 133° 
Tr csibniiaies 0-9605 09341  0-9075 0-8792 
re 20° 61° 94° 
Wis ‘ebuddsnsenca +15-80° 18-36° 19-22° 
Ayellow ceecceers |. 16-42° 18-94° 19-84° 
eivéccttcccctsess + 19-00° 21-74° 22-54° 
Acetate of 1-1-Naphthylmethylcarbinol. 
SOO... dccces 16° 64° 99° 138° 
I sitmtdadacnns 1/1071 1-0699 1-0380 1-0019 
, are > 36° 56° 100° 136° 160° 
ie Gi ccomindwen —38-66° 41-84° 46-90° 54-80° 56-70° 57-00° 
es Seer: 19° 27° 36° g4° yo 101° 136° 162° 
Wig sccserciness —42-70° 47-02° 50-10° 58-32° 62-26° 66-84° 68-60° 69-00° 
OM. kccces 37° 34° 62° 76° 100° 136° 164° 
ererierediioa —87-30° 91-:90° 110-30° 115-30° 126-00° 129-66° 130-30° 


ci ecemaiid 
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In every case these esters were found to have undergone no 
racemisation during the heating in the polarimeter tube, whilst all 
of them when hydrolysed yielded samples of the carbinols of 
rotatory power identical with that of the original preparations. 


The authors have much pleasure in acknowledging the able 
assistance given to them by Mr. John Ranson, and desire to express 
their thanks to the Government Grant Committee of the Royal 
Society for grants which have defrayed some of the expense of this 
investigation. 


MuNICIPAL TECHNICAL SCHOOL, 
BLACKBURN. 


CCXLIX .—Carboaylic Acids Derived from cyclo Butane, 


cycloPentane, cycloHexane, and cyclolleptane. 


By Leonarp James GoLpswortTHy and 
Witiiam Henry PERKIN, jun. 


THE present investigation is one of a series which has been insti- 
tuted with the object of obtaining further evidence relating to the 
comparative readiness of formation and stability of cyclic struc- 
tures containing varying numbers of carbon atoms. Judging by the 
yields produced in analogous reactions, experience is roughly in 
accordance with Baeyer’s ‘“Spannungstheorie,” and seems to indi- 
cate that, in the cyclopropane, cyclobutane, cyclopentane, and 
cyclohexane series, derivatives of cyclopropane are produced with 
the greatest difficulty, and that, whilst derivatives of cyclobutane 
and cyclohexane are much more readily obtained, the tendency to 
form cyclopentane derivatives is so pronounced that these are 
often produced in quantitative yields, and not infrequently during 
reactions which might be expected to lead to the formation of 
other ring complexes: The evidence on this point, however, is often 
conflicting, since it has frequently been observed that, although 
some cyclic derivatives are obtained in very small yields, other 
derivatives of the same ring seem to be produced under very similar 
conditions with great readiness. Thus the yield of ethyl cyelo- 
propane-] :1-dicarboxylate (I) obtained when ethylene dibromide 
reacts with the sodium derivative of ethyl malonate is very small, 
whereas ethyl cyclopropane-1:2-dicarboxylate (II) is readily pre- 


i 
l 
if 
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pared in good yield when ethylene dibromide is replaced by ethyl 
sar i i“ in this interaction: 


Q(CO,Et), CH-CO,Et 
r( 
CHs<Gn, CHs<dH-co, Et 
L ) (TI.) 


Other similar cases have been observed, and one of the chief 
difficulties which arises is to distinguish between the effect: on the 
yield of the reactivity of the interacting substances on the one 
hand and of the readiness of formation of the closed ring on the 
other. 

It is clear that a useful generalisation cannot be formulated 
until a much larger number of cyclic carboxylic acids and other 
derivatives have been prepared and investigated, and, in the present 
communication, we describe some new carboxylic acids derived 
from cyclo-butane, -pentane, -hexane, and -heptane. In the first 
place, we have prepared the cis- and trans-modifications of cyclo- 
butane-1 :2:3-tricarborylic acid, 

CH(CO,H ' 
CH, <oH(co" HoH CO,H, 
by causing ethyl a8-dibromopropionate to react with the disodium 
derivative of ethyl ethanetetracarboxylate, when the reaction pro- 
ceeds to the extent of about 50 per cent. in the required direction : 


CO, Et-CH Br NaQ(CO,Et), _ CO,E'-CH—O(CO, Et), + QNaBr 
CH, Br NaC(CO,Et), CH,°C(CO,_Et), 

The product, after hydrolysis and elimination of carbon dioxide 
by heating at 190°, yields cis-cyclobwtane-1 :2:3-tricarborylic acid 
(m. p. 141—143°), and this, when heated with hydrochloric acid at 
180°, is converted into the trans-acid, which melts at 168—170°. 

In the cyclopentane series the cis- and trans-modifications of the 
1:2:4-tricarboxylic acid have already been prepared from the 
disodium derivative of ethyl pentane-aayyee-hexacarboxylate by the 
action of iodine and subsequent hydrolysis and elimination of 
carbon dioxide: 

CH,°CNa(CO, Et), : CH, "C(CO, Et), 

C\CO, Et) oH? “CNA(CO" Et), — > Ci CO, Et), <n. -C(CO, Et), —> 

CH, ‘CH: CO,H 


er CA< orc *CH-CO,H 


(Bottomley and Perkin, T., 1900, a7 296). We have now suc- 
ceeded in obtaining the same acids much more conveniently and in 
a much better yield by the action of ethyl a8-dibromopropionate on 
the disodium derivative of ethyl propane-aayy-tetracarboxylate 
(ethyl methylenedimalonate) : 
CNa(CO,Et),-CH,°CNa(CO,Et), 
CH,Br-CHBr-CO,Et 


CH,-C(CO,Et), 


—> CCO;Bt) son -CH-CO,Et 
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When the product of this interaction is hydrolysed, simultaneous 
elimination of one molecule of carbon dioxide takes place and a 
crystalline cyclopentanetetracarboxylic acid is formed. The crude 
acid decomposes at 180°, and yields a syrupy mass, from which 
trans-cyclopentane-1 :2:4-iricarboxylic acid is obtained by the 
action of hydrochloric acid at 190°. It melts at 127—130°, and is 
converted, by heating with acetic anhydride and subsequent distil- 
lation, into the anhydro-eis-acid : 


CH,-CH-CO 
— aoa co?” 


a highly characteristic derivative, which melts at 215—217°, and 
furnishes the cis-acid (m. p. 146—148°) on hydrolysis, 

We next attempted the synthesis of cyclohexane-1 :2:4-tricarb- 
oxylie acid (hexahydrotrimellitic acid), 


oo CH, 1 
CO,H: cH<oR’. -CH(CO, 1) 2>CH-CO0,H, 


an acid which does not appear to have been previously described, 
and we ultimately succeeded in the following manner. The disodium 
derivative of ethyl butanetetracarboxylate was caused to react with 
ethyl a8-dibromopropionate, when decomposition takes place in the 
following manner: 


CNa(CO,Et),*CH,*CH,°CNa(CO, Kt), sil 
CH, Br°CH Br-CO, Et 
wen we CH,———CH. 
C(COLFL) CH (CO, Bt}> COE) 

The ester thus produced yields, on hydrolysis and elimination of 
carben dioxide, a mixture of stereocisomeric acids, from which, by 
heating with hydrochloric acid at 190°, trans-cyclohexane-1 :2:4- 
tricarboxylic acid was isolated, melting at 220—-222°. When this 
acid was digested with acetic anhydride and the product distilled, 
most of it decomposed, but a small quantity of a distillate was 
obtained, which, on hydrolysis, yielded the c’s-acid as a crystalline 
crust melting at 225°. It is remarkable that the cis- and trans- 
modifications of this acid should have almost identical melting 
points, and be so very similar in other properties that it was at 
first thought that they were identical. 

However, a mixture of equal parts of the two preparations was 
found to soften at 198—-200°, and to be almost completely melted 
at 208°, so that they cannot be identical, and there can be little 
doubt that they are the cis- and trans-modifications of cyclohexane- 
1:2:4-tricarboxylic acid. 
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Finally, we have succeeded in synthesising trans-cycloheptane- 
1:2:4-tricarboxylic acid: 
OR CH,—-CH,—-CH 
CO,B-CH<, Hi. CH (Go,Hj>C HCO, 8 
one of the few derivatives of cycloheptane which have, so far, been 
obtained. For the purpose of this synthesis, the disodium deriv- 
ative of ethyl pentane-aace-tetracarboxylate was digested with ethyl 
a8-dibromopropionate when a complicated reaction took place, but 
an ester, evidently ethyl cyclopentane-1 :1:2:4:4-pentacarboxylate, 
was produced in small quantity according to the equation: 
CNa(CO,Et),-CH,-CH,-CH,-CNa(CO,Et), 
CH,Br°CHB.-CO,Et 


aie CH,—CH,—CH,x,, ; 
C(CO, Et), GR. CH Go, kOe O,Et), 


When the product of this interaction was hydrolysed, the syrupy 
acid mixture heated at 200° and then esterified, it yielded a small 
quantity of ethyl cycloheptane-1:2:4-tricarborylate (b._ p. 
212—215°/30 mm.). 

On hydrolysis a syrupy mixture of stereoisomeric modifications 
was obtained, from which, by heating with hydrochloric acid at 
190°, trans-cycloheptane-1 :2:4-tricarboxylie acid was isolated, melt- 
ing at 198—200°. 

Apparently there is little tendency in the direction of the forma- 
tion of the cycloheptane ring, since the yield of the above acid was 
so small that we were unable to examine it at all completely. 
Further experiments, which are in progress, will show whether this 
ring and also the cyclo-octane and still larger rings are always 
produced with more difficulty than the simpler rings containing 
three, four, five, and six carbon atoms. 


EXPERIMENTAL. 
Preparation of Ethyl aB-Dibromopromonate, CH,Brr-CHBr-CO,Et. 


During the course of this and other investigations, large quanti- 
ties of ethyl a8-dibromopropionate were required, and, as the price 
charged for this ester is prohibitive, we have made a series of 
comparative experiments on the best conditions for its preparation, 
and find that the following process works well. Allyl alcohol * 
(180 grams or 210 c.c.) is mixed with an equal volume of chloro- 
form (or carbon disulphide), the solution cooled in ice and salt, 


* Crude commercial aliyl alcohol contains a large amount of water, and, if this is 
used as the starting-point, it is shaken with potassium carbonate as long as this 
dissolved, the aqueous layer run off and the alcohol dehydrate! with a further 
quantity of potassium carbonate. It is then fractionated with an ¢ fficient column ; 
the portion distilling at 95—98° was collected for use in the above preparation. 


CARBOXYLIC ACIDS DERIVED FROM CYCLOBUTANE, ETC. 2669 


and then bromine (496 grams or 156 c.c.) is gradually added, care 
being taken that the temperature remains below 5°. The chloro- 
form is then removed by distillation from the water-bath under 
diminished pressure, and the residual crude dibromopropy! alcohol 
need not be fractionated, but can be directly oxidised to aB-dibromo- 
propionic acid. The crude dibromo-alcohol (150 grams) is mixed 
with ordinary concentrated nitric acid (210 grams or 150 c.c.) and 
fuming nitric acid (90 grams or 60 c.c. of D 1°5) in a capacious 
flask provided with a ground-in condenser and placed in water, and 
the water is then very gradually heated. As soon as the initial 
violent reaction has subsided, the water is raised to the boiling 
point and maintained at that for seven hours; the product is then 
left overnight in the ice-chest to cool, when the dibromopropionic 
acid usually crystallises, but, if not, the heating is continued and 
the mass seeded. The acid is collected on a Biichner funnel without 
filter paper, drained on porous porcelain, and a further quantity 
may be obtained by concentrating the mother liquors, so that the 
total yield is about 75 per cent. of that theoretically possible. In 
order to obtain the ethyl ester, the acid is dissolved in one and 
a-half times its own weight of a 10 per cent. solution of sulphuric 
acid in alcohol and heated on the water-bath for six hours. Water 
is then added, the heavy ester extracted with ether, the ethereal 
solution washed first with dilute sodium carbonate, then with 
water, dried, and the ether distilled off. The residual ethyl af-di- 
bromopropionate distils almost completely at 140—150°/100 mm., 
and this was the material used in the following experiments. 


The cis- and traus-cycloButane-1 : 2 :3-tricarboxylic Acids, 


CH(CO,H) 

CH CHICO Bon CO,H. 

In order to obtain these acids, the first step was the synthesis of 
ethyl cyclobutane-1 :1:2:2:3-pentacarboxylate (p. 2666), and this 
was accomplished in the following way: Ethyl ethanetetracarb- 
oxylate (31 grams) was mixed with a little alcohol,* and then with 
a solution of sodium (4°6 grams) in alcohol (100 c.c.). and, after 
keeping for a few minutes until the whole of the ester had passed 
into solution, ethy! a8-dibromopropionate (27 grams) was gradually 
added. In a short time the mixture became warm, copious pre- 
cipitation of sodium bromide took place, and the process was com- 
pleted by heating in a soda-water bottle in boiling water for four 
hours. ‘The product was mixed with water, extracted with ether, 
the ethereal solution washed well, dried, and the ether distilled off. 


* The alcohol u-ed in all these experiments was carefully dehydrated by distillation 
first over lime and then over calcium. 
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The crude ester which appears to distil at about 230°/20 mm. need 
not be purified before conversion into cyclobutanetricarboxylic acid, 
but is at once hydrolysed by boiling with 50 per cent. excess of 
25 per cent. methyl-alcoholic potassium hydroxide for four hours. 

Water is then added, the product evaporated until quite free 
from methyl alcohol, the solution is then acidified with excess of 
concentrated hydrochloric acid, evaporated to dryness, and the 
residu2 extracted with ether in a Soxhlet apparatus. After distil- 
ling off the ether, crude cyclobutanepentacarboxylic acid remains as 
a slightly brown, viscid syrup, and this is heated in an oil-bath at 
190° for one hour. when the evolution of carbon dioxide will have 
ceased. The acid which remains does not readily crystallise, and is 
therefore purified by conversion into the ester which is obtained by 
boiling the acid with ten times its weight of 10 per cent. alcoholic 
sulphuric acid in a reflux apparatus for seven hours. The product 
is diluted with water, extracted with ether, the ethereal solution 
washed well with sodium carbonate, dried, and evaporated, and the 
residue fractionated under 40 mm. pressure. A small quantity of 
oil passes over below 190°, and probably contains ethyl succinate ; 
then almost the whole of the remainder distils at 190-—205°, and on 
refractionation, pure ethyl cis-cyclobutane-1 :2:3-tricarbozylate is 
obtained as a colourless oil boiling at 195—197°/40 mm.: 

0°2246 gave 0°4714 CO, and 0°1540 H,O. C=57'2; H=7°6. 

C,3HoO, requires C=57°3; H=7'3 per cent. 

In the preparation of the tricarboxylic acid, the ester distilling 
at 190—205°/40 mm. was hydrolysed by boiling with excess of 
25 per cent. methyl-alcoholic potassium hydroxide for four hours. 
Water was then added, the solution evaporated until quite free 
from methyl alcohol, mixed with excess of hydrochloric acid, eva- 
porated, and the dry residue extracted with ether in a Soxhlet 
apparatus. The ethereal solution deposited, after boiling off the 
ether, a solid acid, which was left in contact with porous porcelain, 
and then recrystallised from concentrated hydrochloric acid: 

0°1410 gave 0°2332 CO, and 0°0592 H,O. C=45'1; H=4°6. 

C,H,O, requires C=44°7; H=4°3 per cent. 

On titration, 0°1226 required 0°0772 NaOH for neutralisation, 
whereas this amount of a tribasic acid, C,;H,O,, should neutralise 
0°0782 NaOH. 

cis-cycloButane-1 :2:3-tricarbozxylic acid melts at 141—143°, and 
is readily soluble-in water or alcohol, but rather sparingly so in 
cold concentrated hydrochloric acid. 

In order to obtain the trans-modification, the cis-acid (2 grams) 
was heated with concentrated hydrochloric acid (15 c.c.) in a sealed 
tube at 180° for two hours. After diluting with water and filtering 
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from a trace of carbonaceous matter, the solution was concentrated, 
when, on standing over solid potassium hydroxide, a hard, glassy, 
crystalline mass, consisting of flat, glistening plates, gradually 
separated : 

0°1031 gave 0°1699 CO, and 0°0411 H,O. C=44:9; H=4°4. 

C,H,O, requires C=44'7 ; H=4°2 per cent. 

On titration, 0°3500 neutralised 0°2236 NaOH, whereas this 
amceunt of a tribasic acid, C,H,O,, should neutralise 0°2234 NaOH. 

trans-cycloButane-1 :2:3-tricarboxylic acid melts at 168—170°, 
and is readily soluble in water, but sparingly so in concentrated 
hydrochloric acid. The solution of the acid in excess of ammonia 
gives, when boiled with barium chloride, a very sparingly soluble 
barium salt, and the cis-acid behaves in a similar manner. Both 
acids are oxidised with difficulty, even when their alkaline solutions 
are boiled with permanganate. 

The Trianilide of the trans-A cid.—In order to prepare this deriv- 
ative, the pure trans-acid was heated with thionyl chloride in a 
sealed tube at 100° for an hour; the product was then evaporated, 
and the residual syrup dissolved in benzene. Aniline was added 
in excess, and, as soon as the vigorous action had subsided, the 
benzene was evaporated, the mass treated with dilute hydrochloric 
acid, and the precipitate collected and drained on porous porcelain. 

The triantlide of trans-cyclobutane-1 : 2 :3-tricarborylic acid melts 
at 252°, and separates from alcohol, in which it is sparingly soluble, 
as a voluminous, almost gelatinous, mass of needles. For analysis 
it was recrystallised by dissolving in acetone and adding benzene; 
the acetone was then distilled off, and the solution set aside, when 
the substance separated as a crystalline crust of needles: 

0°2449 gave 21°5 c.c. N, at 17° and 763 mm. N=10°2. 

C,;H.30,N, requires N=10°2 per cent. 

In order to make sure that transformation of the trans-acid into 
the cis-modification had not taken place during the heating with 
thionyl chloride, some of the syrupy product of this action was 
decomposed by boiling with water and the acid recrystallised, when 
it melted at 168—170°. 


The cis- and trans-cycloPentane-1 :2:4-tricarborylic Acids, 


CH,°CH:CO,H 
. 
—_— CH <on,-CH-CO,H’ 
The ethyl cyclopentane-1 :1:2:4:4-pentacarboxylate employed in 
this synthesis of these acids was obtained under the following 
conditions. 


Ethyl methylenedimalonate, (CO,Et),CH*CH,°CH(CO,Et), (33°2 
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grams), dissolved ir alcohol (50 c.c.) was added to a cold solution of 
sodium (4°6 grams) in alcohol (100 c.c.), and, after a few minutes, 
the disodium derivative was mixed with ethyl a8-dibromopropionate 
(26 grams), when gradual rise of temperature, followed by a vigor- 
ous action, set in, and sodium bromide separated. The action 
was completed by heating for three hours in a soda-water bottle, 
the product was diluted with water, extracted with ether, and after 
washing well, drying, and evaporating off the ether, the residual oil 
was distilled, when almost the whole quantity passed over at 
226—240°/15 mm., and, on redistillation, the boiling point of the 
ethyl cyclopentanepentacarboxylate was observed to be about 
234—236°/15 mm. The ester was hydrolysed in the usual manner 
by boiling with excess of 25 per cent. methyl-alcoholic potassium 
hydroxide for four hours, the product was diluted with water, 
evaporated until free from methyl alcohol, acidified, again evapor- 
ated, and the mass extracted with ether in a Soxhlet apparatus. 
When the ethereal solution was evaporated, a syrupy mass 
remained, which became partly solid while still on the water-bath. 
This was stirred with concentrated hydrochloric acid, and the sandy 
powder which separated was collected, washed with hydrochloric 
acid, left in contact with porous porcelain in a vacuum desiccator, 
and then analysed: 


0°1670 gave 0°2768 CO, and 0°0644 H,O. C=43'7; H=4°3. 
C,H,,O, requires C=:43°9; H=4:0 per paar 


It is obvious that during the hydrolysis under the above condi- 
tions one molecule of carbon dieaite had been eliminated, and that 


CH, (00, 4), 
CH, -CH: ‘CO,H” 

Ethyl cycloPentane-1 :2:4-tricarboxylate, C;H-(CO,H).. — In 
order to prepare this ester the crude product of the hydrolysis of 
ethyl cyclopentanepentacarboxylate was heated at 190° for half-an- 
hour, when a glassy mass remained, which did not crystallise. This 
was converted into the ester by heating with alcohol and sulphuric 
acid in the usual manner (p. 2670), and the pure substance distilled 
at 205—210°/40 mm. : 

0°1938 gave 0°4186 CO, and 071360 H,O. C=58°9; H=7°8. 

C,4H.,0, requires C=58'7; H=7°8 per cent. 


CO,H-CH< 


The corresponding trimethyl ester, C;H;(CO,Me),, had been pre- 
viously obtained (T., 1900, 77, 303), and distilled at 164—166°/ 
12 mm. The pure triethyl ester was hydrolysed with methyl- 
alcoholic potassium hydroxide in the usual manner, and, after 
removal of the methyl alcohol, acidifying and evaporating to 
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dryness, the mass was extracted with ether in a Soxhlet apparatus. 
On evaporation, the ethereal solution deposited a syrup, which, 
when rubbed with concentrated hydrochloric acid, crystallised, and 
the solid mass, after washing with hydrochloric acid and drying on 
porous porcelain, melted indefinitely at 115—-125°, and was appa- 
rently a mixture of the cis- and trans-modifications of cyclopentane- 
1:2:4-tricarboxylic acid. In order to demonstrate this, half of the 
substance was heated with hydrochloric acid in a sealed tube at 
18C° for four hours. The product was diluted with water, filtered 
from a small amount of carbonaceous matter, and evaporated to 
dryness; it was then dissolved in water, digested with animal 
charcoal, and again evaporated. When the syrupy residue was 
rubbed with concentrated hydrochloric acid, it crystallised with 
difficulty (compare T., 1900, 77, 304), and the solid mass, after 
contact with porous porcelain and recrystallisation from hydro- 
chloric acid, melted at 129—130°, and consisted of trans-cyclo- 
pentane-1 : 2 :4-tricarboxylic acid : 


0°1264 gave 0°2224 CO, and 0°0568 H,O. C=47°9; H=5'0. 
Cy3H,)0, requires C=47°5; H=4'9 per cent. 

On titration 0°1528 neutralised 0°0880 NaOH, whereas this 
amount of a tribasic acid, CgH,,O,, should neutralise 0°0907 NaOH. 

cis-cycloPentane-1:2:4-tricarboxylic Acid.—This modification 
was obtained by heating the crude mixture of acids melting at 
115—125° (see above) with acetic anhydride for an hour, and then 
distilling the product, when anhydro-cis-cyclopentanetricarboxylic 
acid solidified in the neck of the retort. After recrystallisation from 
a mixture of acetone and chloroform, this substance melted at 
215—217°, as stated by Bottomley and Perkin (loc. cit., p. 305). 
The solution of the anhydro-acid in water deposited, on concentra- 
tion, colourless crystals of cis-cyclopentane-1 :2:4-tricarboxylic acid, 
melting at 146—148°. 


The cis- and trans-cycloHexane-l :2:4-tricarboxylic Acids 
(Hexahydrotrimellitic Acids), 
on.-———0iZ,, 
CO,H-CH< og. GH(CO,H)> OH OOH. 
The ethyl butanetetracarboxylate, 

CH(CO,Et),*CH,*CH,*CH(CO,Et),, 
required for these experiments was prepared by the process 
described by Perkin (T., 1894, 65, 578). This ester (34°6 grams), 
dissolved in an equal weight of alcohol, was mixed with a solution 
of sodium (4°6 grams) in alcohol (100 c.c.) and then with ethyl 
a8-dibromopropionate (26 grams), when, on setting aside, the 
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mixture gradually became quite hot. After heating for four hours 
in a soda-water bottle in boiling water, water was added, the crude 
ester extracted with ether, and, since it decomposed on distillation, 
it was at once hydrolysed by boiling with excess of 25 per cent. 
methyl-alcoholic potassium hydroxide in the usual manner. 

Water was then added, the methyl alcohol carefully removed on 
the water-bath, the product acidified with excess of hydrochloric 
acid, evaporated to dryness, and extracted in a Soxhlet apparatus 
with ether. 

On evaporation, the ethereal extract deposited a syrup which 
partly solidified, and this was heated at 190° for half-an-hour, the 
syrupy residue being then esterified by boiling with alcoholic 
sulphuric acid and the ester fractionated (compare p. 2670). Ethyl 
cyclohezane-1 :2:4-tricarbozylate was thus obtained as a colourless 
oil, which distilled at about 207°/30 mm.: - 

0°1898 gave 0°4142 CO, and 0°1374 H,O. C=59'5; H=8°0. 

C,;H.,0, requires C=60°0; H=8'0 per cent. 

This ester was hydrolysed by boiling with excess of 25 per cent. 
methyl-alcoholic potassium hydroxide for four hours, and, after 
the methyl alcohol had been completely removed, hydrochloric acid 
was added, the whole evaporated to dryness, and extracted with 
ether in a Soxhlet apparatus. 

The syrup which remained on distilling off the ether, only partly 
solidified when it was rubbed with hydrochloric acid, and the solid 
had an indefinite melting point, obviously consisting of two or more 
stereoisomeric modifications. In order to isolate one definite modi- 
fication (trans-), the whole was heated with concentrated hydro- 
chlorie acid in a sealed tube at 190° for four hours, the product 
was diluted with water, filtered from a small amount of carbon- 
aceous matter, Cecolorised with animal charcoal, and evaporated 
to dryness, during which the acid commenced to separate in colour- 
less crystals. After remaining in the ice-chest for two days the 
crystals were collected, dissolved in ether, filtered from a trace of 
inorganic matter, and the ether removed, when a solid remained 
which was crystallised from hydrochloric acid : 

0°1786 gave 0°3304 CO, and 0°0948 H,O. C=50°4; H=5'9. 

CyH,,0, requires C=50°0; H=5'6 per cent. 

On titration 0°1526 required for neutralisation 0°0840 NaOH, 
whereas this amount of a tribasic acid, CgH,,0,, neutralises 0°0847 
NaOH. 

trans-cycloHexane-1:2:4-tricarbozylic acid is rather sparingly 
soluble in cold, but readily so in hot water, and has a marked 
tendency to form supersaturated solutions, which only gradually 
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deposit the acid as a hard, opaque, crystalline crust. It melts at 
about 220—-222° to a colourless, viscid syrup, but the exact point is 
difficult to observe. 

cis-cycloHexane-1:2:4-tricarborylic Acid.—In order to obtain 
this acid, the pure trans-acid (2 grams) was mixed with acetic 
anhydride (5 c.c.) in a test-tube, and gently boiled by means of a 
sulphuric-acid bath for one hour; the temperature was then raised, 
and the excess of acetic anhydride distilled off. The test-tube was 
drawn out, and the whole heated as rapidly as possible over a 
free flame, when there was much decomposition and a voluminous 
carbonaceous mass remained. 

The small quantity of brown distillate, which partly solidified 
on keeping, was boiled with much water, filtered from a little tar, 
decolorised with animal charcoal, and then evaporated to a small 
bulk and mixed with an equal volume of concentrated hydrochloric 
acid. On remaining in the ice-chest a crystalline crust gradually 
formed, and this was collected and crystallised from water, in 
which it is rather sparingly soluble in the cold, and from which 
the cis-acid separated as a crust of colourless, warty masses, which 
had a quite different appearance from the crystals of the trans- 
acid : 

0°1432 gave 0°2630 CO, and 0°0752 H,O. C=50°2; H=5'8. 

C,H,,0, requires C=50°0; H=5'6 per cent. 

On titration 0°1405 required 0°0764 NaOH for neutralisation, 
whereas this amount of a tribasic acid, CyH,,.O,, neutralises 0°0780 
NaOH. 

cis-cycloH exane-1:2:4-tricarboxylic acid softens at 218°, melts 
at 225°, and, when it is mixed with an equal amount of the 
trans-modification, the mixture softens very much at 198—200°, 
and is almost completely melted at 208° (compare p. 2667). 


trans-cycloH eptane-1 : 2 :4-tricarboxylice Acid, 


CS -O Ci... nn 
CO,H-CH< Gy. cH(G0,H)> CH COLE. 

The investigation of this interesting acid has been rendered diffi- 
cult owing to the small yield which is produced by the following 
process, and it has not been found possible to obtain better results 
by varying these conditions. Ethyl cycloheptane-1:1:2:4:4-penta- 
carboxylate (p. 2668) was first prepared by mixing 36 grams of 
ethyl pentanetetracarboxylate, 

CH(CO,Et),*CH,*CH,*CH,°CH(CO,Et), 
(Perkin, T., 1887, 41, 240), first with a solution of sodium ethoxide 
made by dissolving sodium (4°6 grams) in alcohol (100 c.c.), and 
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then with. ethyl a8-dibromopropionate (26 grams), and, after the 
initial somewhat vigorous action had subsided, the whole was heated 
in a soda-water bottle in boiling water for four hours. The product 
was isclated by adding water and extracting with ether, and was 
hydrolysed in the usual manner (p. 2670), the crude, dark brown, 
syrupy polybasic acid being heated at 200° for an hour, and the 
residue esterified by boiling with alcohol and sulphuric acid. On 
distillation a considerable amount of ethyl pimelate, 
CO,Et-[CH,|,-CO,Et, 
passed over at about 190—195°/100 mm., and then crude ethyl 
cycloheptanetricarboxylate distilled at 200—230°/30 mm., leaving 
a considerable dark-coloured residue in the distilling flask. The 
crude tricarboxylic ester was redistilled, and the fraction distilling 
at 212—215°/30 mm. analysed, but the yield obtained was only 
7 grams, or 8 per cent. of that theoretically possible: 
0°1960 gave 0°4390 CO, and 0°1504 H,O. C=61:1; H=85. 
CygHg0, requires C=61'1; H=8'3 per cent. 

This ester was hydrolysed by boiling with methyl-alcoholic 
potassium hydroxide in the usual manner, and, after removal of the 
alcohol, excess of hydrochloric acid was added, the whole evaporated 
to dryness, and extracted with ether in a Soxhlet apparatus. The 
residue from the ether was a syrup, which could not be induced to 
crystallise, and was doubtless a mixture of stereoisomerides. It 
was heated with hydrochloric acid in a sealed tube at 190° for 
four hours, the product diluted with water, filtered from a small 
amount of carbonaceous matter, and the hydrochloric acid removed 
by evaporation. The residue was dissolved in water, boiled with 
animal charcoal, and again evaporated, when a viscid, colourless 
syrup was obtained, which, on rubbing, almost completely solidified. 
After contact with porous porcelain, the acid separated from hydro- 
chloric acid in hard, nodular masses: 

0°1100 gave 0°2106 CO, and 0°0623 H,O. C=52°2; H=6'l. 

C,9H,,0, requires C=52°2; H=6'1 per cent. 

On titration 0°0488 required 0°0250 NaOH for neutralisation, 
whereas this amount of a tribasic acid, C,)H,,0,, should neutralise 
0°0254 NaOH. 

trans-cycloH eptane-1 :2:4-tricarbozylic acid melts at 198—200°, 
and is readily soluble in water. Unfortunately the amount of 
material available was not sufficient for the preparation of the 
cis-acid. 

THe UNIVERSITY Museum, 
OXFORD. 
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CCL.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part X. The 
Optical Dispersive Power of Tetrahydro-2-naphthol 
and its Esters. 


By Josepu Kenyon and Rosert Howson Pickarp. 


Ir has been shown in Parts VI and IX (this vol., pp. 1117 and 
2644) that the optically active l-naphthylalkylearbinols of the 
general formula C,yH,-CH(OH):-R have complex dispersive powers 
at all temperatures up to those far removed from their melting 
points. Thus the methyl member of the series has a complex dis- 
persive power at all temperatures up to about 160° and the corre- 
sponding n-hexyl homologue up to about 180°, above which limiting 
temperatures the rotations of each obey the law of simple dispersive 
power as expressed by the Drude equation with one term, 
a=k/A°—A,?. It is further of interest to note that in the super- 
cooled state at a few degrees below the melting points of these 
compounds their temperature-rotation curves for sodium-yellow to 
mercury-violet light, which are perfectly regular throughout, exhibit 
a region of so-called anomalous dispersion. 

It has been suggested (loc. cit.) that below these limiting tem- 
peratures the apparently homogeneous carbinols are really mixtures 
of two isomerides having rotatory powers of opposite sign, and 
differing in dispersive power. The further suggestion that the 
isomerism is due to a different disposition of the valencies in the 
naphthyl radicle (the two forms being of the nature of ar- and 
ac-derivatives) makes it desirable to consider the dispersive power 
of other compounds containing either the naphthyl radicle or other 
radicle closely related to it. 

Already in Part III (T., 1912, 101, 1427) the preparation and 
some of the optical properties of both dextro- and levo-rotatory 
ac-tetrahydro-2-naphthol have been described, but unfortunately 
the optical measurements were confined to light of one wave-length 
only. Accordingly, the work described there has been partly 
repeated, and the results confirmed and extended. It has now been 
found that the temperaturerotation curves of ac-tetrahydro-2- 
naphthol in the fused state from a temperature of about 120° down 
to its melting point at 50°, and beyond in the supercooled state to 
(at least) 15°, are perfectly regular and smooth. The rotations 
observed in the homogeneous state up to 120°, as also in various 
solvents, obey the law of simple dispersive power, but above 120° 
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CHARACTERISTIC DIAGRAM 


Points marked 1 to 4 correspond with the rotations of the hydrogen phthalate 
at 5 per cent. concentration in ethyl alcohol, chloroform, pyridine and benzene 
respectively, points 5 and 6 with ethyl-alcoholic solutions of the sodium and 
potassium salts, points 7, 9 ard 10 with the rotations of the valerate in tne 
homogenecus state at 200°, 100° and 20° respectively, and points 8 and 11 with 
solutions of the valerate in chloroform and carbon disulphide. 
to 17 refer to the rotations of the tetrahydronaphthol in the homogeneous state at 
200°, at 140°, dissolved in carbon disulphide and in chloroform, and in the 
homogeneous state at 60° and 20° respectively. 
marked 1, 3, 5, 6, 7 and 12 do not fit on the lines of the diagrem. 


Points marked 12 


It will be noticed that points 
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the dispersive power becomes complex. Of this phenomenon there 
does not seem to be any simple explanation, but the properties of 
the reduced compound are in marked contrast to those of the 
1-naphthylalkylcarbinols. The n-valeric ester in the homogeneous 
state at 20° and in solution and the hydrogen phthalate when 
dissolved in benzene or chloroform also exhibit rotations, which 
appear to conform to the law of simple dispersive power. The 
valerate, however, in the homogeneous state at higher temperatures, 
solutions of hydrogen phthalate in alcohol or pyridine, and aqueous 
or alcoholic solutions of the sodium or potassium salt of the latter 
ester all show complex dispersive power. 

The alternative method of plotting such rotations by means of a 
“characteristic diagram” brings out these relations in a striking 
manner. Thus the diagram (Fig. 1), which is constructed in the 
usual manner, using the rotations for mercury-green light as a 
reference line, only correlates those rotations of the substances just 
mentioned, which conform to the law of simple dispersive power. 
It is not surprising that the diagram fails to correlate the rotations 
of the valerate in the homogeneous state at higher temperatures, 
for not only has the ac-tetrahydro-2-naphthol then a complex dis- 
persive power, but also, as has been repeatedly shown, an esterified 
carboxylic group exhibits complex dispersive power at high tem- 
peratures. Assuming that dynamic isomerism is the underlying 
cause of the complex dispersive power exhibited by a colourless 
compound of simple chemical constitution (containing only one 
asymmetric carbon atom), it may be stated generally that in cases 
where complex dispersive power is exhibited at all temperatures the 
compound will contain more than one possible centre of dynamic 
isomerism. [Illustrations of this general statement can be seen in 
the esters of the naphthylalkylearbinols and of ac-tetrahydro-2- 
naphthol, whilst each of the substances mentioned above as showing 
complex dispersive power when dissolved in certain solvents con- 
tains, when so dissolved, two possible centres of dynamic isomerism, 
and the observed rotations cannot be correlated on the characteristic 
diagram (Fig. 1). However, the rotations shown by aqueous solu- 
tions at various concentrations of sodium ac-tetrahydro-2-naphthy]l 
phthalate can be correlated on another diagram (Fig. 2) specially 
drawn for these, and permit the inference that there is some relation 
between them. 

Attention has already been drawn in this series of investigations 
to the danger of basing conclusions on the values of any one disper- 
sion ratio. A good example of this danger is to be seen in the 
dispersion ratios of the substances named in tables I and II. It 
will be noted that in the homogeneous state the ratio for mercury- 
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violet/green remains constant, but that for mercury-violet/sodium- 
yellow tends constantly to increase. This is well brought out in 
the diagram (Fig. 1), where the lines for violet, green and yellow 


Fig. 2. 


CHARACTERISTIC DIAGRAM 
for 


Sodium __[-ac-tetrahydro-2-naphthyl 
phthalate in aqueous solutions. 
(1) 2‘0 per cent. solution 
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intersect at zero. When the green is used as a reference line the 
rotation values for violet and green all lie approximately on the 
two lines, so that the dispersion ratio is constant, but in the cases 
where complex dispersive power (see, for example, points marked 
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7 and 12) is exhibited the rotations for sodium-yellow light do not 
fall on the line. so that the ratio violet/ yellow is not constant. 


EXPERIMENTAL.* 
ac-T'etrahydro-2-naphthol. 


The preparation of this compound from f-naphthol by Bamberger 
and Lodter’s method (Ber., 1880, 23, 205) gives only poor yields. 
One cause of this is the loss occasioned when the ethereal solution 
of the reduced naphthol is washed repeatedly with the aqueous 
solution of sodium diazobenzenesulphonate to remove the corre- 
sponding ar-cou pound. This operation, however, can be omitted, 
and the product converted into hydrogen phthalic esters. The 
sodium salt of the hydrogen phthalate of d/-ac-tetrahydro-2-naphthol 
crystallises with great readiness from water, and its preparation 
affords a much better method of purifying the ac-compound than 
the older one. 

This sodiwm salt crystallises from water in long needles, or from 
aqueous alcohol in large tablets, has the composition 

CO,Na°C,H,°CO,°C,,H,,,4H,0, 
effloresces at about 60°, does not melt below 200°, and is very 
soluble in ethyl alcohol : 


0°3218 lost 0°0582 H,O and gave 0°0584 Na,SO, H,O=18'23; 
Na=5'88. 
C,gH,;0,Na,4H,O requires H,O=18'23; Na=5°88 per cent. 
The resolution of the dl-hydrogen phthalate was carried out in 
the manner already described (loc. cit.), and the results were con- 
firmed. The d- and /-esters form sodium salts, which have similar 
properties to that of the dl-ester. 


Determinations of Rotatory Power (a!°™™-) of the Carbinol and 
l-ac-T'etrahydro-2-naphthyl n-Valerate in the Homogeneous State. 


d-ac-T'etrahydro-2-naphthol. 


65° 
71-20° (see also Part III., loc. cit.). 
59° 82° 126° 136° 156° 180° 
88-54° 82-00° 71-72° 70-58° 66-88°  62-26° 
58° 84° 126° 137° 157° 180° 
+173-60° 158-80° 146-:04° 129-64° 126-30° 119-70° 111-80° 


* When not otherwise stated, the experimental procedure is similar to that 
previously described (oc. cit.). 
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l-ac-Tetrahydro-2-naphthyl n-Valerate.* 
20° 44° 54° 110° 135° 161° 
—48-12° 46-24° 45-64° 40-16° 38-36° 35-80° 


20° 43° 59° 110° 138° 160° 
—57-80° 55-86° 54-44° 50-22° 47-84° —46-00° 


20° 41° 59° 110° —: 136° 162° 
—102-78° —99-90° —96-52° —89-60° —85-00° —81-20° 


The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society for a grant, which has 
defrayed some of the expense of this investigation. 


MUNICIPAL TECHNICAL SCHOOL, 
BLACKBURN. 


CCLI.-——The Reduction Products of Ethyl Hydrindene- 
2: 2-dicarboxylate. 


By James KENNER. 


In a previous communication it was suggested that the ease with 
which cyclic condensation occurs should be modified by the presence 
in a chain of certain carbon atoms which, being already members 
of a closed ring, have the directions of their valencies to some 
extent determined (Kenner and Turner, T., 1911, 99, 2102). The 
investigation now to be described was undertaken with the object 
of studying ring-formation from compounds, the molecules of 
which contain one carbon atom fulfilling this condition; in other 
words, the preparation of spiro-compounds was to be attempted. 
Since substituent groups are also known to be important factors 
in determining the facility of formation, and stability, of cyclic 
compounds it appeared that, among spiro-compounds, the hydro- 
carbons would furnish the most decisive evidence of the influences 
referred to in the preceding paragraph. These and other considera- 
tions suggested the application to ethyl hydrindene-2 : 2-dicarboxy- 
late of Bouveault and Blanc’s method of reduction by means of 


* These rotations are somewhat lower than those previously published. It has 
not been thought necessary to investigate the cause of the discrepancy, as this paper 
deals mainly with optical dispersive power, which is only very slightly affected by 
the small discrepancy. 
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sodium and ethyl alcohol, in the hope of preparing wo/-dthydrozy- 
2:2-dimethylhydrindene (1), from which the hydrocarbon (II) 
; CH, CO, Et ;, CH CH,°OH 
CH ou C<core > Coon? >C<cu-on 
(I.) 
, CH, CH, 
CoH on OOS bu, 
(II.) 
might subsequently be obtained. 

It had previously been shown by Bouveault and Blanc that ethyl 
diisobutylmalonate, whilst furnishing a certain amount of the 
expected glycol, was to a considerable extent decomposed in the 
following way under the influence of sodium ethoxide formed 
during the reaction : 

(C,H,),C(CO,Et), + C,H;-OH —> (C,H,),CH-CO,Et + CO(OEt),, 
the ethyl tsovalerate being then reduced in the normal manner 
(Buli. Sce. chim., 1904, [iii], $1, 1203). Ethyl hydrindenedicarb- 
oxylate had, however, been shown by Thole and Thorpe to be 
quite stable towards sodium ethoxide at the ordinary temperature 
(T., 1911, 99, 2186), and the hope was therefore entertained that 
even at the higher temperature to be used in these experiments the 
type of decomposition observed by Bouveault and Blanc might not 
assert itself in a marked degree. This expectation, however, was 
not realised, for the yield of the glycol (I) was disappointingly 
small, being less than 3 per cent. of the calculated. More than 
40 per cent. of the ethyl hydrindenedicarboxylate was converted 
into 2-hydroxymethylhydrindene (III), the remainder being re- 
covered in the form of a mixture of hydrindene-mono- and di-carb- 
oxylic acids, in which the former largely predominated : 


CH, <p? >CH-CH, OH. 
({III.) 


Initially, therefore, the dicarboxylic ester was almost entirely 
converted into the monocarboxylic ester, and, in the author’s 
opinion, this reaction must be ascribed to spatial causes, which 
will be discussed later. It is probable that such influences also play 
a part, although possibly a subordinate one, in promoting the 
decompositions discussed by Thole and Thorpe (loc. cit.). 

2-Hydroxymethylhydrindene was readily converted by the usual 
means into 2-bromomethylhydrindene (IV), the reactions of which 


) SS 
CH.-cHL> CH CH,B: 


CoH, Cye>CH-CH, Br CH,-CH< 
2 
(IV,) (v.) 
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invited investigation, because it has frequently been observed that 
the bromine atom in derivatives of this type is remarkably inert. 
Thus Perkin and Pope found that 1-methyl-4-bromomethyleyclo- 
hexane (V) was converted into the cyanide only with considerable 
difficulty (T., 1908, 93, 1079). Similar relationships were dis- 
covered in tho present instance. The bromo-compound was un- 
changed after prolonged boiling with amalgamated zinc and hydro- 
chloric acid, in spite of the efficiency of this reducing agent (Clem- 
mensen, Ber., 1913, 46, 1837; 1914, 47, 51, 681). Interaction of 
the bromo-compound and ethyl sodiomalonate in alcoholic solution 
after ten hours at the boiling point resulted in the production of 
only about 65 per cent. of the calculated amount of ethyl 2- rhydrin- 
dylmethylmalonate (V1): 


Cg <5 >CH-CH, Br + CHNa(CO,Et), —> 


OH .< (py >CH-CH, CH (CO, Et), 
(VI.) 
The formation of 2-phthaliminomethylhydrindene (VII) by heat- 
ing the bromo-derivative with potassium phthalimide at 180—200° 
for nine ho.irs was similarly incomplete: 


CH < oy >CH-CH, Be +059, <CO>NK —> 


C,H <on?> CH: CHy Noo >UsH, 
(VIL) 


The contrast between the inertia of the bromine atom in such 
compounds and its activity in, for instance, benzyl bromide, is 
worthy of some comment, and is obviously in some way connected 
with the difference between the saturated and the unsaturated 
conditions of the cyclic structures present in the two types of 
compounds. If, however, benzyl bromide be represented by the 
formula (VIII), in Fliirscheim’s notation, it would appear to follow 
as a striking consequence that Perkin and Pope’s 1-methyl-4-bromo- 
methyleyclohexane is to be represented by the formula IX: 


( \=—CH,—Br 


| | , 
ws CH, CH<ou'. CH 
(VIIL.) (IX). 


The similar inertia of the bromine atoms in tetrabromotetra- 
methylmethane (Perkin and Simonsen, T., 1905, 87, 161; Fecht, 
Ber., 1907, 40, 3884) would then find expression in the formula X: 

Br—CH, CH,—Br 
Br—CH.> °S\cH —Br 
(x. ) 


CH,°CH, H!>CH—CH, oui 
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The facts symbolised by these formule are illustrative of the 
influences referred to at the commencement of this paper, and, in 
the author’s opinion, they are all explicable by a thorough appli- 
cation of Baeyer’s strain theory. For it is at once clear that the 
normal relative positions of substituents known to exert steric 
hindrance, such as methyl (or bromomethyl) and carboxyl groups, 
may, when they are attached to the same carbon atom, be compar- 
able, in regard to this atom, with those of the carbon atoms in, 
for instance, a cyclohexane or a cycloheptane ring. Then, adopting 
Werner’s conception of the uniform spherical distribution of affinity 
round a carbon atom (“Beitrage zur Theorie der Affinitét und 
Valenz,” Zurich, 1891), we see that, if aa’ in XI represent in 
section the zones of affinity appropriated by two univalent group- 
ings in the plane of the paper when “the angle between their 
valencies is 109°28/,”’ an increase in this angle will cause an altera- 
tion in the relative position of the zones, which will now be repre- 
sented by XII: 


(XI.) (XII.) 


In this manner a certain amount of affinity, corresponding with 
the region (4), will be left unsatisfied, and the extent of this region 
is a measure of the “strain,” in Baeyer’s terminology. If the other 
groups attached to the carbon atoms be free to move, they will 
probably so adjust themselves as partly to engage the valency thus 
left free because the change in position of the zones aa’ involves 
an incursion into the zones of affinity previously available for them. 

In the following paragraphs, the attempt is made to apply these 
considerations to the cases in which (a) two of the groups attached 
to a carbon atom are components of the same cyclic system, whilst 
the other two are groups of large molecular volume. In this case, 
the motion of the former groups is restricted, and the affinity repre- 
sented by 6 will then remain free and available to a greater or less 
extent as partial valency to an atom situated above or below the 
plane of the paper and, for example, coplanar with the groups 
appropriating aa’. 

Thus, in the case of ethyl hydrindenedicarboxylate there will be 
residual affinity on the quaternary carbon atom, and, owing to the 
encroachment of the carbethoxy-groups on the zones of affinity 
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normally available for the two carbon atoms of the hydrindene ring, 
one or more of these groups will obtain less than its proper share 
of affinity. This deduction is in agreement with the experimental 
evidence just advanced, according to which we may conclude that 
the ester is more adequately represented by the formula XIII: 


a CH 00, Et 
CH on? > Coo Rt 


(XIV.) 


Similar considerations probably supply an explanation of a 
number of reactions met with in the chemistry of cyclic compounds. 
In illustration of this may be cited the change of carone into 
carvenone by distillation (Baeyer, Ber., 1894, 27, 1917), and into 
bromo- and hydroxy-menthanone by absorption of the elements 
of hydrogen bromide or water (ibid., p. 1920); the isomerisation 
of carylamine hydrochloride into vestrylamine hydrochloride 
(Baeyer, Ber., 1894, 27, 3486); the disruption of the bridge 
in dimethyldicyclopentanonecarboxylic acid by reduction (Perkin, 
Thorpe, and Walker, T., 1901, 79, 729); the addition of the 
elements of hydrogen bromide to a-camphylic acid (Perkin, T., 
1903, 88, 842); and the various reactions by which the bridge in 
the camphor molecule is broken between two quaternary carbon 
atoms (see Aschan, “‘ Konstitution des Kamphers,” Braunschweig, 
1903, p. 79). 

The reactions of certain other compounds are illustrative of 
another mode of relieving the stress on the quaternary carbon atom, 
namely, the replacement of two single bonds by a double bond. 
This results in a smaller demand being made on the affinity of the 
central carbon atom. Thus Wallach has shown that ethyl cyclo- 
hexan-l-ol-l-acetate on hydrolysis is partly converted into cyclo- 
hexanone, accompanied by some cyclohexanol (a hydrogen atom 
having displaced a group of large molecular volume). Further, 
dehydration of the ester or of the acid is easily carried out, and 
results in the formation of A!-cyclohexeneacetic acid or of carboxy- 
methylenecyclohexane, according to the agent employed. Indeed, 
the initial condensation product of 1 :5-dimethyl-A-cyclohexen-3- 
one cannot be isolated, but passes over at once into 1 :5-dimethyl- 
Al:3-eyclohexadienyl-3-acetic acid (Annalen, 1900, 314, 147; 1902, 
323, 135; 1905, 348, 40, 347, 316; 1908, 360, 26). That these 
reactions are not due to the presence of the hydroxyl group as 
such is shown by a remarkable instance of an analogous kind, com- 
municated to the author by Prof. J. F. Thorpe. Ethyl cyelo- 
hexane-aa/-dibromodiacetate (XIV) when boiled with dilute potass- 
ium hydroxide solution is converted into carboxymethylenecyclo- 
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hexane (XV), although when it is dropped into concentrated 
aqueous potassium hydroxide at 130° the acid (XVI) is produced : 


on, <CHs CH: 9. <CHBr-00, Bt _, 


CH,"CH, CHBr*CO,Et 
* (xI V.) 
CH,-CH, wu _-CH,'CH, G(OH)-CO,H 
CH,<oR? ‘CH CCH-CO,H ; CHL<on, .CH,>° to CO,H 
(XV.) (XVL) 


It is obvious that similar conditions will prevail when, as in the 
instances quoted above, three or four separate groups of large 
molecular volume are attached to a single carbon atom. 

When, as in the molecule of cyclopropane-l : 1-dicarboxylic acid, 
the cyclic structure is such that the “angle between two valencies ” 
of the quaternary carbon atom is less than 109°28’, the effects 
just discussed will be intensified. Hence this acid and 1:1-di- 
methyleyclopropane are almost comparable with unsaturated 
compounds in the readiness with which they take part in addi- 
tive reactions, and the general conclusions of Kotz (J. pr. Chem., 
1903, [ii], 68, 174) in regard to the derivatives of cyclopropane 
are in agreement with the statement just made. Further, 
Radulescu’s observation that the acid (XVII) is stable towards 
halogen hydrides (Ber., 1909, 42, 2771; 1911, 44, 1018) 
appears to be direct evidence in favour of the suggestion that its 
carbonyl groups are differently situated with regard to the central 
carbon atom from a in cyclopropane-l : 1-dicarboxylic acid: 

H, CC-CH-CO,H 
pn <co:¢ *CH:CO,H 
(XVII.) 

The rearrangement of derivatives of ethylene oxide into those of 
acetaldehyde are instances of a similar nature among heterocyclic 
compounds (Fourneau and Tiffeneau, Compt. rend., 1905, 141, 
662; Klages, Ber., 1905, 38, 1969; Klages and Kessler, Ber., 1906, 
39, 1753): 


P CHPh, CPhMe CH PhMe 


hy 
g-° ~~ dno? do —° > duo 
any ile of valencies attached to the carbon atom (b) are 
inclined to one another at angles less than 109°28’, when similar 
instability of the molecule may be expected. Thus the following 
table shows in the case of the central carbon atom of the spiro- 
compound, (CH,),C(CH,),, the angle between a valency of the 
(«+1)-membered ring and one of the (y+1)-membered ring: 
y+1 
z+1 2 3 4 
2 180 150? 135° 
3 139 128 
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The magnitude of these angles indicates that considerable 
amounts of unsatisfied affinity will exist between the zones corre- 
sponding with the valencies in question. Consequently, compounds 
of this type may be very difficult to isolate, and, when obtained, 
very liable to undergo change. Thus Dimroth and Feuchter were 
unable to prepare an allene derivative from the compounds XVIII 
and XIX (Ber., 1903, 36, 2238; compare Ipatiev, J. pr. Chem., 
1899, [ii], 59, 517): 
C,H C,H , 
co, oni >C:CCl-CH, CH, CO, 6 n> CH: CCi:CH-CH, 
(XVIIL.) (XIX.) 


Similarly, ethyl allenetetracarboxylate (XX), which is only 
obtained by heating the initial product (X XI) of the action of 
ethyl sodiomalonate on carbon tetrachloride, absorbs two molecular 
proportions of water when exposed in a moist atmosphere (Zelinski 
and Doroschevski, Ber., 1894, 27, 3376) : 
CCl, + 2Na,C(CO,Et),+0,H,OH —> OH on G0.E:), 
(XXL) 


mae 


C(CO, Et 
<c(co%t) 
(XX.). 

The action of alcoholic potassium hydroxide on iodomethyleyclo- 
propane leads to the production of erythrene, presumably owing to 
the rearrangement of methylenecyclopropane (Demjanov, J. Russ. 
Phys. Chem. Soc., 1903, 35, 375): 

H, CH- , 
gy >CH-CHL > b= 0: H, | — Gy, CH:CH,. 

Also, Favorski and Batalin Sane recently shown (Ber., 1914, 
47, 1648) that Gustavson was mistaken in attributing the consti- 
tution of an ethylidenecyclopropane to a compound he had prepared 
in an analogous manner (Compt. rend., 1896, 123, 242). Further, 
the sole product of dehydration of cyclopropyldimethylearbinol is 
B-cyclopropylisopropylene (XXII), notwithstanding the fact that 


OH-O(CH,) CHI? —> OH,:C(CH,)-CH< 122 

2 CH, 
(XXII.) 

dimethylisopropylearbinol furnished the isomeric olefines (XXIII 

and XXIV) in the proportion of three to one (Henry, Compt. rend., 

1908, 147, 557): 

OH-C(CH,),*CH(CH,), —> C(CH,),:C(CH,). and 


(XXIII.) 
CH,:C(CH,):CH(CH,),. 
(XXIV.) 
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The production of methylenecyclobutane (XXV), in place of 
spiropentane (XXVI), from tetrabromotetramethylmethane is 
doubtless to be ascribed to similar causes (Demjanov, Ber., 1908, 
41, 915; Favorski and Batalin, loc. cit.; compare Gustavson 
and Bulatov, J. pr. Chem., 1896, [ii], 54, 97; 56, 93; Fecht, 
loc. cit.; Zelinski, Ber., 1913, 46, 170): 

CH,B CH,Br Cil,-C:CH, 

CH;Br>°ScH;Br > du,cu, © a,>C<dn, 

(XXV.) (XXVI.) 

Neither this hydrocarbon nor cyclobutanone (Kishner, J. Russ. 
Phys. Chem. Soc., 1905, 37, 106; 1907, 39, 922) exhibits any 
tendency towards the breaking down of the four-membered ring, 
but it is significant that cyclobutane-1 :3-dione behaves as though 
it were represented by the formula XXVII (Chick and Wilsmore, 
T., 1910, 97, 1982) : 


CH, C—O 


O:U-CH,- 
(XXVII.) 

The illustrations thus brought forward are not intended to be 
exhaustive, but suffice to indicate the aspect from which, in the 
author’s opinion, the study of siro-compounds should be 
approached, The quaternary carbon atom is not per se a source 
of weakness, this being conditioned by the distortion of its valencies 
from their normal positions. 


Finally, it may be mentioned that experiments have also been 
initiated with a view, on the one hand, to the synthesis of the 
compound (XXVIII) by the condensation of the chloride of hydrin- 
dene-2 : 2- agg acid with benzene, and, on the other, to the 


aoe 1 >C< oct + C,H, —> CHG >C< Gg > OH, 
(XXVIIL) 
preparation of reduction products of ethyl cyclohexanediacetate, 
from which spiro-compounds might be prepared. The investigation 
in this direction has, however, only just been commenced, and the 
measure of success attained is indicated in the experimental portion 
of this paper. 
EXPERIMENTAL. 


Reduction of Ethyl Hydrindene-2 : 2-dicarbozylate. 


Sodium (30 grams), cut into pieces the size of a pea, was placed 
in a large flask, fitted with a long, upright condenser and a tap- 
funnel, and the flask was heated to 80° in an oil-bath. A solution 
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in absolute alcohol of ethyl hydrindenedicarboxylate (23 grams), 
previously purified by distillation under diminished pressure 
(100 c.c.), was then run from the tap-funnel on to the sodium as 
rapidly as possible, consistent with efficient action of the condenser. 
The temperature of the oil-bath was then raised to 130°, and a 
further quantity of alcohol (100 c.c.) gradually added in the course 
of two hours. At the end of five hours from the experiment any 
unreduced ester was hydrolysed by the gradual addition of water 
to the mixture. The product was then cooled, considerably diluted, 
and treated with sufficient sulphuric acid to leave the solution 
weakly alkaline. By exhaustive extraction with ether the mixture 
of reduction products was removed, whilst hydrindenemonocarb- 
oxylic acid (5°5 grams) could be recovered by subsequent acidifica- 
tion of the aqueous solution. 

The ethereal extracts, after treatment in the usual manner, 
furnished an oil, which was distilled under diminished pressure. 
In this manner a large fraction (5°5 grams) was obtained, which 
boiled at about 140°/11 mm. and solidified at the ordinary tem- 
perature. 

2-Hydroxymethylhydrindene (III), obtained in this way, has a 
characteristic agreeable odour, and consists of prismatic crystals, 
which melt at 33° and boil at 139—140°/11 mm. It is readily 
soluble in most organic solvents, but only sparingly so in light 
petroleum (b. p. 40—50°), and may be crystallised from this 
solvent : 
0°1490 gave 0°4424 CO, and 0°1078 H,O. C=80°98; H=8°04. 

C,,H,,0 requires C=81°07; H=8'1l per cent. 


The phenylurethane, OHy<p42>CH-CH,-O-CO-NH-C,H,, was 
2 


prepared by heating a solution of molecular proportions of the 
carbinol and phenylcarbimide in light petroleum (b. p. 90—110°). 
After crystallisation, it melted at 99°5°: 

0°2188 gave 10°2 c.c. Ng at 11° and 755 mm. N=5°59. 

C,,H,;,0,N requires N=5°24 per cent. 

ww!-Dihydroxy-2 :2-dimethylhydrindene (I) was obtained by dis- 
tilling the united residues from four of the above preparations of 
2-hydroxymethylhydrindene. A colourless oil passed over at about 
200°/15 mm., and rapidly solidified. On the addition of light 
petroleum (b. p. 90-—110°) to its solution in ethyl alcohol, small, 
hexagonal prisms, melting at 112°5°, separated. The yield was 
15 grams: 

0°1568 gave 0°4266 CO, and 0°1090 H,O. C=74:20; H=7°73. 
C,,H,,0, requires C=74'16; H=7°86 per cent. 
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Reduction of Ethyl Hydrindene-2-carboxylate. _ 


A solution of the ester (20 grams) in alcohol (100 c.c.) was added 
to sodium (18 grams) in precisely the same manner as already 
described for the previous case, alcohol (20 ¢.c.) being subsequently 
added. The yield of carbinol was 8°5 grams. 


2-Aldehydohydrindene, C,H, <CH>cH-CHO. 


2-Hydroxymethylhydrindene (10 grams), having been added to 
a solution of chromic acid (4°2 grams) in 10 per cent. sulphuric 
acid (75 grams), the mixture was heated on the water-bath for two 
hours. The ethereal extract of the cooled solution was washed with 
sodium carbonate solution, and then shaken with concentrated 
sodium hydrogen sulphite solution. The aldehyde, isolated in poor 
yield from this solution in the usual manner by decomposition 
with sodium hydrogen carbonate, was a fairly mobile oil, boiling 
at 122°/12 mm., which did not solidify. It readily underwent 
oxidation on exposure, and its odour also characterised it as an 


aliphatic aldehyde : 


0°1440 gave 0°4325 CO, and 0°0878 H,O. C=81:91; H=6°77. 
C,9H,)O requires C=82°19; H=6°85 per cent. 


The semicarbazone, prepared in the usual manner, readily dis- 
solved in alcohol, and separated from this solvent in radiate masses 
of small needles melting at 174°: 


0°1120 gave 20°6 c.c. N, at 17° and 730 mm. N=20°90. 
C,,H,,ON, requires N = 20°69 per cent. 


2-Bromomethylhydrindene (IV). 


This compound was easily prepared by heating a solution of 
2-hydroxymethylhydrindene (35 grams) in glacial acetic acid, 
saturated at 0° with hydrogen bromide (50 c.c.), at 100—120° for 
three and a-half hours. 

The compound boiled at 132°/11 mm., and solidified at low 
temperatures to masses of magnificent prisms, melting at 21°. Its 
odour was characteristic and reminiscent of aniseed: 


0°1742 gave 0°3646 CO, and 0°0812 H,O. C=57:08; H=5-19. 
C,,H,,Br requires C=56°87 ; H=5'21 per cent. 
It was recovered unchanged after being boiled for ten hours with 
amalgamated zinc and dilute hydrochloric acid. 
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Condensation of 2-Bromomethylhydrindene with Ethyl Malonate. 


Ethyl malonate (6°4 grams) and the bromo-compound (8°4 grams) 
were successively added to a solution of sodium (0°9 gram) in alcohol 
(14 c.c.). At the temperature of the water-bath a separation of 
sodium bromide soon commenced, and after ten hours the product 
was worked up in the usual manner. By distillation under 
diminished pressure, well-defined fractions of ethyl malonate, 
bromomethylhydrindene, and finally of the desired ester (7°5 grams) 
were obtained. 

Ethyl 2-hydrindylmethylmalonate (V1) is a colourless liquid, 
which boils at 211°/15 mm., and does not solidify even when cooled 
in a freezing mixture: 

0°1594 gave 0°4092 CO, and 0°1074 H,O. C=70°00; H=7°48. 

C,,H_.0, requires C=70°35 ; H=7°'59 per cent. 

The corresponding acid was prepared by hydrolysis with alcoholic 
potassium hydroxide, and separated from its solution in alcohol in 
clusters of small, transparent plates, melting at 174°: 

0°1746 gave 0°4285 CO, and 0°0965 H,O. C=66:°93; H=6'14. 

C,3H,,0, requires C=66°66; H=6°00 per cent. 

Its barium, calcium, lead, tin, and ferric salts are insoluble in 
hot water, whilst its magnesium, copper, and cobalt salts are soluble 
in cold water. 


The dihydrazide, CH,<G4?>CH-CH,-CH(CO-NH-NH,),, crys 
2 
tallises from alcoholic solution in silky needles melting at 177°: 


0°1868 gave 35°6 c.c. Ny at 23° and 747 mm. N=21'6. 
C,3H,,0,N, requires N=21°4 per cent. 


B-2-Hydrindylpropionie acid, CpH <6 f]2>CH-CH,*CH,*CO,H, 
2 


was prepared by heating the above acid at 190° until the evolution 
of carbon dioxide had ceased. It was readily soluble in benzene, 
but sparingly so in hot light petroleum (b. p. 90—110°), and 
separated from a mixture of these solvents in small plates melting 
at 120°: 
0°1758 gave 0°4902 CO, and 0°1166 H,O. C=76:05; H=7°37. 
0°2474 required 14°6 c.c. V/10-NaOH. Equivalent =189°7. 
C,,H,,0, requires C=75°79; H=7°37 per cent. M.W.=190. 
Its barium and magnesium salts are soluble in cold water, whilst 
its calcium salt is sparingly soluble, and separates from its solution 
in hot water in needles. Its ferric, copper, and cobalt salts are 
insoluble in hot water, its Jead and tin salts sparingly so, and its 
mercuric salt turns yellow when boiled with water. 
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2-Phthaliminomethylhydrindene (VII). 


An intimate mixture of 2-bromomethylhydrindene (10 grams) 
with potassium phthalimide (9 grams) was heated at 180—200° for 
nine hours in an apparatus provided with a reflux tube. The 
mixture solidified on cooling, and required to be finely powdered 
before adherent oily matter could be removed by repeated diges- 
tion with hot light petroleum (b. p. 90—110°). Potassium bromide 
having then been removed by extraction with hot water, the residue 
was crystallised from glacial acetic acid. The compound separated 
in small, slender prisms, which were usually somewhat discoloured, 
and melted at 174°. The yield was 57 per cent. of the theoretical, 
and was not improved by carrying out the condensation in the 
presence of sodium iodide: 

0°1984 gave 9°0 c.c. Ny at 16° and 752 mm. N=5'30. 

C,,H,,O,.N requires N=5°05 per cent. 


2-H ydrindylmethylamine, Ode CH-CH,°NHsg. 
2 


Phthaliminomethylhydrindene (8 grams) was heated with con- 
centrated hydrochloric acid (35 c.c.) at 180—200° for six hours, 
and the product was then treated in the usual manner. A large 
proportion of the ¢ hthalimino-derivative remained unchanged, but 
four such experiments furnished a sufficient quantity of the base, 
boiling at 248°, to permit of its characterisation. 

The hydrochloride separated from its solution in dilute hydro- 
chloric acid in thin plates with a satiny lustre, melting and decom- 
posing at 258—260°: 

0°1890 gave 12°4 c.c. No at 15° and 751 mm. N=7°68. 

C,jH,3N,HCl requires N=7°'63 per cent. 

The platinichloride was obtained as a yellow powder, which 
decomposed at 233°: 

0°3614 gave 0°1008 Pt. Pt=27°89. 

(CioHi3N )o,H,PtCl, requires Pt=27°70 per cent. 

The iodide, sulphate, oxalate, and phosphate are readily soluble 
in water, whilst the carbonate (prismatic needles) and the 
dichromate (orange, prismatic needles) are soluble in hot water. 

2-Phenylthiocarbamidomethylhydrindene, 


CyH,<o 2 >CHCH,-NH-OS-NH-C,H,, 
2 
erystallises from alcohol in hexagonal plates melting at 145°: 


0°1760 gave 15°5 c.c. N, at 16° and 745 mm. N=10°20. 
C,,H,gN.S requires N=9°93 per cent. 
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The Chloride of Hydrindene-2 :2-dicarbozylic Acid, 
/H 
CH <Gy?>C(COC!),. 
2 


This compound was prepared by the interaction of the calculated 
amounts of hydrindenedicarboxylic acid and phosphorus penta- 
chloride. It boiled at 173—175°/20 mm., and solidified at the 
ordinary temperature. It crystallised from light petroleum (b. p. 
60—80°) in clusters of rectangular plates, which melted at 45°, 
and did not exhibit any marked tendency towards decomposition 
in contact with the atmosphere : 

0°2516 gave 0°2952 AgCl. Cl=29°02. 

C,,H,O,Cl, requires Cl= 29°22 per cent. 

An attempt was made to condense this compound with benzene 
under the conditions employed by Freund (Annalen, 1910, 378, 
310) in the case of diethylmalony] chloride. It was found that, as 
in the latter case, the liquor obtained by steam distillation of the 
product was coloured green, and a small quantity of golden-yellow 
crystals was obtained by extraction with ether. There can, there- 
fore, be no doubt that the reaction took the desired course. 


Reduction of Ethyl cycloH exanediacetate. 


This operation was carried out in the manner already described 
in the case of ethyl hydrindenedicarboxylate. The oil obtained 
boiled indefinitely, but small quantities of solid matter separated 
from the later fractions, boiling at 195—-200°/21 mm. This product 
was sparingly soluble in light petroleum (b. p. 60—80°), and 
moderately so in benzene. By crystallisation from this solvent 
leaflets, melting at 123°, were obtained : 

0°1106 gave 0°2848 CO, and 0°1046 H,O. C=70°23; H=10°51. 

C.)»H,,0, requires C=70°06 ; H=10°06 per cent. 


The author hopes to prosecute his investigations in the direction 
indicated as soon as circumstances permit a resumption of the 


experiments. 


THE UNIVERSITY, 
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CCLII.—Studies in the Sucecinic Acid Series. Part II. 
Anilides and Anilic Acids, and the Effect of 


Steric Hindrance on the Formation of the Amides. 
By Grorce Francis Morre tt. 


Tue method of Bouveault and Blanc (Bull. Soc. chim., 1905, 
[iii], 38, 879) for the conversion of acids into the corresponding 
alcohols by reduction of their esters in alcoholic solution with 
sodium frequently gives very unsatisfactory results with the di- 
basic acids of the aliphatic series (compare Harries, Annalen, 1911, 
388, 167). The original intention of studying the reduction of 
other open-chain derivatives of dibasic acids was hindered by the 
lack of suitable methods for preparing them in quantity. This is 
especially the case with the derivatives of the succinic acids, where 
ring-formation takes place so readily, and the open-chain deriv- 
ative forms either a small fraction of the product, or is entirely 
absent. 

The present communication deals with an investigation of the 
methods and conditions requisite for the production of a maximum 
yield of certain of the open-chain aniline and ammonia derivatives 
of succinic acid and its homologues. Whilst with substituted 
succinic acids the neutral anilides were, under all conditions, pro- 
duced only in traces by the action of aniline on the acids, and the 
anil was generally the sole product, in the case of succinic acid 
the aniline could, by repeated treatment of the succinanil obtained 
as a by-product, be prepared in excellent yield by this method 
under specified conditions. The formation of the five-membered 
ring is, therefore, apparently facilitated by the presence of methyl 
substituents in the succinic acid. Where the “direct” method 
of preparation failed, good results were obtained by the action 
of aniline on the acid chlorides. 

The anilic acids are of importance on account of their use for 
the characterisation of the dibasic acid by Auwers’ method, but 
the investigation has here been limited to methylsuccinanilic acid, 
as the others have already been fully described by other workers. 
From an unsymmetrically substituted succinic acid, two isomeric 
anilic acids can theoretically be derived, but although methyl- 
succinanilic acid has been prepared in different ways by many 
investigators, cnly one of these possible isomerides has ever been 
isolated. Arppe and Biffi (Annalen, 1854, 90, 141; 91, 106) 
obtained an anilic acid, melting at 147°, from the anil by opening 
the ring with alkali. Anschiitz (Annalen. 1888, 246, 122; 248, 
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273) likewise prepared the anilic acid both by Arppe’s method 
and by two methods of his own, namely, the reduction of mesacon- 
anilic acid, and the action of aniline on methylsuccinic anhydride. 
In all cases the acid obtained melted at 143°. Later, Bone and 
Sprankling (T., 1899, 75, 860) give 148—149° as the melting 
point, and specifically state that they were unable to isolate any 
isomeric acid. Auwers (Annalen, 1896, 292, 195) ascribes the 
formation of only one anilic acid to the influence of the un- 
symmetric molecule, which thus determines the sense in which 
tiis aniline is added to the anhydride, or sodium hydroxide to 
the anil. Thus, for example, reaction (1) might proceed to the 
entire exclusion of reaction (2): 


(1) CHyCH-CO. _ | OH, -CH-CO,H 
CH,°CO“* CH,-CO-NH-C,H, 

(2) CH, GH-CO,; CH,-CH-CO-NH-C,H, 
CH,-CO* CH,-CO,H 


In support of this idea, he states that in the case of methyl- 
ethylsuccinic acid, where the lack of symmetry is not so pronounced, 
two isomeric anilic acids were isolated. 

In preparing methylsuccinanilic acid, whether from the anil, 
or from the anhydride, two points of interest were noted which 
seemed to indicate the incorrectness of Auwers’ and Bone’s assump- 
tion, and the existence of two isomerides in the product. It was 
observed that the anilic acid was always precipitated as an oil, 
which solidified slowly on keeping, and that never more than 
about 40 per cent. of the theoretical yield of the acid, melting 
at 149°, could be isolated. Both of these observations were quite 
at variance with those made in the otherwise perfectly analogous 
case of succinanilic acid. It seemed scarcely possible that the 
presence of an isomeric acid could have been overlooked by so 
many investigators, and, indeed, the evaporation of the aqueous 
mother liquors to dryness yielded only a very soluble, viscid 
residue, which, however, was sufficient in amount to account for 
the deficient yield. It was not until it was discovered that both 
the acids in question were, in aqueous solution, extremely sensitive 
to heat, being converted into the above-mentioned viscid products, 
that an explanation was forthcoming. So quickly does this trans- 
formation occur that the acids cannot even be crystallised un- 
changed from hot aqueous solution, as has hitherto been the 
custom. On attempting to recrystallise a quantity of the pure 
substance from water, only 40 per cent. was recovered, and, more- 
over, its melting point was 10° lower than when crystallised from 
other solvents. 
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By carefully avoiding anything more than the slightest warming 
when dealing with aqueous solutions of the acids, the two struc- 
tural isomerides were satisfactorily isolated. They were purified 
by taking advantage of their different solubilities in water and 
in chloroform. The less soluble methylsuccinanilic acid melts at 
159°, and is the main constituent of Anschiitz’s acid (m. p. 143°). 
Its isomeride is much more soluble both in water and in chloro- 
form, and melts at 123°. Both acids, on being heated above their 
melting points, lose water, and are converted into methylsuccinanil. 

No solution has been arrived at of the problem as to which of 
the acids the constitution 

CH;°CH(CH,°CO,H)-CO-NH-C,H, 
must be assigned, and to which the alternative 

CH,°CH(CO,H)-CH,°CO-NH-C,H.,. 
The matter is closely dependent on the constitution of the mes- 
aconanilic acid which, on reduction, yields the methylsuccinanilic 
acid melting at 159° (Anschiitz, Ber., 1890, 28, 891). Basing his 
argument on an erroneous observation of Reissert (Ber., 1888, 21, 
1370) on the oxidation products of mesaconanilie acid, Anschiitz 
ascribed the constitution (I) to this acid, and, consequently, the 
constitution (II) to his methylsuccinanilic acid melting at 143° 
(Annalen, 1888, 246, 117): 

CH,°C-CO-NH-C,H, CH,*CH-CO-NH-C,H, 
CH-CO,H CH,°CO,H 

(L.) (II.) 

Nevertheless, after revising Reissert’s work, he convinced him- 
self that no light whatever could be thrown on the constitution 
of mesaconanilic acid, or of methylsuccinanilic acid, as the result 
of oxidation experiments (Ber., 1889, 22, 747; and Annalen, 1889, 
254, 137). 

It is noteworthy that during the whole of the controversy over 
these anilic acids between Reissert and Anschiitz, the melting point, 
143°, of methylsuccinanilic acid was not challenged by either of 
them. During this present investigation specimens of this sub- 
stance, crystallised from water, have been obtained, melting at 
143—145°, and having all the appearance of individual substances. 
In the first place, many of Anschiitz’s melting points are some- 
what low, as has been pointed out by Auwers, owing to the slow 
method of heating which he employed, whereby an incipient de- 
composition of the anilic acid sets in at temperatures below the 
true melting point. Secondly, these anilic acids should not be 
crystallised from water, for although succinanilic acid itself seems 
to be but little affected, yet others are rapidly attacked. Methyl- 
succinanilic acid (m. p. 159°), for example, has never been obtained 
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after crystallisation from water with a melting point higher than 
149—150°. 

The only way open for the preparation of the neutral amides 
of succinic acid and its homologues is by the action of ammonia 
on the esters. Other methods lead either to the formation of a 
large preponderance of the unsymmetrical amide (this vol., p. 1737) 
or of the imide. The rate of formation of the amides from the 
esters and the percentage yield obtained has been found to depend 
on the ester used and on the extent of substitution in the methylene 
groups adjacent to the carboxyl, on spatial influence in other 
words. The methyl esters react much more quickly than the ethyl 
esters, although the yield is about the same in each case. With 
unsubstituted methylene groups, that is, with succinic ester itself, 
the reaction proceeds the most rapidly, and the introduction of 
methyl groups produces a marked decrease, not only in the velocity 
of formation, but also in the yield. The reaction has been carried 
out in a number of different ways for the sake of comparison, 
using the methyl and ethyl esters at ordinary and at elevated 
temperatures, and the most satisfactory results have invariably 
been obtained by allowing the methyl esters to react at the ordinary 
temperature with concentrated aqueous ammonia, but instead 
of allowing the liquids to remain in two layers, or using a shaking 
machine, just sufficient alcohol was added to bring the ester into 
solution. In the succinic series this method has given better 
results than E. Fischer’s process, devised for the malonic series, 
in which the ethyl esters are heated with alcoholic ammonia in 
a sealed tube at 130°, generally for twenty-six hours (Ber., 1902, 
35, 844). A comparison of the results obtained in the various 
experiments, combined with Fischer’s results in the malonic series, 
is interesting : 

Percentage yield of 
amide using alcoholic Percentage yield of 
ammonia in bomb. amide using aqueous 
— ammonia in cold. 


Methyl Ethyl ~ 
ester. ester. Methyl ester. Ethyl ester. 


Methylmalonic 

Ethylmalonic 

Propylmalonic 

Dimethylmalonic 

Diethylmalonic . 

Succinic 80 (3 days) 
Methylsuccinic ns 52 (5) 
trans-a8-Dimethylsuccinic . 5(30 ss, ) 
cis-a8-Dimethylsuccinic .... - 2(30 ,,) 
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The yield of amide in the case of succinic acid is therefore com- 
parable with that obtained with methylmalonic acid, and the sub- 
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stitution of one only of the four methylene hydrogen atoms by a 
methyl group produces a marked retardation in velocity and 
diminution in yield. Fischer suggested (loc. cit.) that the reaction 
with tetramethylsuccinic acid would probably yield only a trace of 
amide, but it is now evident that this is already the case with the 
dimethylsuccinic acids, the amides of which have now been prepared 
for the first time. These results, whilst quite in harmony with 
Fischer’s hypothesis that the methylene hydrogen is involved in the 
reaction in the formation of a preliminary ammonia additive 
product, or salt, of the type (III) which decomposes into the 
CO,Et-CMe:C(OEt)-ONH, —> CO,Et-CHMe-CO-NH, 
(IIL) (IV.) 

amide (IV), yet show that steric hindrance must be accounted a 
factor in the case, for there are still in the dimethylsuccinic acids 
two methylene hydrogen atoms similar to the one in methylmalonic 
acid, yet the velocity of the amide-formation and the yield of amide 
are enormously greater in the latter case, whereas if the presence 
of an unsubstituted methylene hydrogen atom were the sole condi- 
tioning factor we should expect the acids to behave similarly, or at 
least that more than mere traces of dimethylsuccinamide would be 
produced. Moreover, the results with the constitutionally identical 
cis- and trans-dimethylsuccinic acids are different, the cis- reacting 
more slowly than the trans-acid, as one would expect from con- 
siderations of spatial interference. The conclusion is therefore 
drawn that the accumulation of substituent groups round the 
esterified carboxyl group hinders the reaction with ammonia, even 
although some methylene hydrogen is still unsubstituted. 


ExPERIMENTAL. 
Succinanilide. 


Succinanilide was obtained by Menschutkin (Annalen, 1872, 
162, 187) in 25 per cent. yield by the direct action of aniline on 
succinic acid. It can be obtained in better yield by the action 
of succinyl chloride on a solution of aniline in benzene (compare 
this vol., p. 1736, and Dunlop and Cummer, J. Amer. Chem. Soc., 
1903, 25, 612). Since this method involves the previous prepara- 
tion of succinyl chloride, which is itself obtained at most in 75 per 
cent. yield, the following direct method of preparation from succinic 
acid is preferred. 

Twenty grams of succinic acid were heated for three to four hours 
at 200° (thermometer in the liquid) with 40 grams of aniline. A 
very short reflux air-condenser was used, so that only the aniline 
was condensed, the water generated by the reaction being allowed 
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to escape, as it was found that if condensed and returned to the 
flask the temperature of the boiling mixture eventually sank as 
low as 125°, and the unsatisfactory yield described by Menschutkin 
was obtained. The product was poured into dilute acid, and when 
cold the precipitate of anilide and anil was collected and warmed 
with an excess of dilute aqueous sodium hydroxide, whereby the 
anil was dissolved as sodium succinanilate, but the anilide was 
unattacked. The latter was collected, and after one crystallisation 
from alcohol was quite pure. From the aqueous solution of the 
succinanilate dilute hydrochloric acid precipitated succinanilic acid 
in an almost pure condition. The above amount of succinic acid 
gave 10 grams of anilide and 25 grams of anilic acid, an almost 
theoretical yield. 

Succinanilide crystallises from alcohol in short, stout needles, 
melting at 230° (Menschutkin gives 227°). It is quite insoluble in 
water, and is not acted on by boiling dilute alkali hydroxide. It is 
soluble in about 35 parts of boiling alcohol, and 460 parts at 16°, 
and almost insoluble in the other common organic solvents. 


« 4 Ps “7° e ° . *7° 
Conversion of Succinanilic Acid into Succinanilide, 


The anilic acid obtained as a by-product in the above preparation 
may be readily converted into the anilide by heating with 75 per 
cent. of its weight of aniline in sealed tubes at 110—115° for forty- 
eight hours. The product is a mixture of anilide and anil with 
excess of aniline, similar to that obtained in the direct preparation, 
and the arilide is separated by treatment with hydrochloric acid 
and then with sodium hydroxide exactly as there described. From 
25 grams of anilic acid 12 grams of anilide were obtained, and 
11 grams of anilic acid recovered (compare Tingle and Cram, Amer. 
Chem. J., 1907, 37, 597, who obtained only a 25 per cent. yield 
after five days’ heating in an open vessel). By repeating this 
process with the recovered anilic acid it is eventually almost 
entirely transformed, giving a total yield of about 30 grams of 
succinanilide from the 20 grams of succinic acid originally taken. 


Methylsuccinanilide. 


This has been briefly described in a previous paper (this vol., 
p. 1736). Unlike succinanilide, it could be obtained only in traces 
by the actidn of aniline on either the free methylsuccinic acid or 
its anilic acid. Under all experimental conditions tried, ring- 
formation ensued with the almost exclusive production of the anil. 
In contrast with succinanilide it is very readily soluble in alcohol. 
It is fairly soluble in ethyl acetate, sparingly so in chloroform, and 
insoluble in water or benzene. 
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Methylsuccinanil. 


This was obtained in almost theoretical yield by an improvement 
of Kling’s process (Ber., 1897, 30, 3040). Ten grams of methy]l- 
succinic acid were gently boiled for a few minutes with 9 grams 
of aniline in an inverted retort. The retort was then reversed, and 
the mixture distilled as rapidly as possible. No appreciable 
carbonisation occurred, and the distillate solidified to a hard mass 
of the anil, which after one crystallisation from much boiling water 
formed clusters of tiny needles melting at 109—110° (Anschiitz 
gives 104°, and Kling 107°). 

Methylsuccinanil is very readily soluble in alcohol, ethyl acetate, 
chloroform, or benzene. It is soluble in about 40 parts of boiling 
water, and to the extent of 0°28 per cent. in water at 16°. 


Methylsuccinanilie Acids. 


An aqueous solution of the sodium salts of the two isomeric acids 
was prepared either by dissolving the product of the action of 
aniline on methylsuccinic anhydride in cold sodium hydroxide 
solution, or methylsuccinanil in aqueous sodium hydroxide by the 
aid of gentle heat. The isolation of the two isomerides was accom- 
plished by fractional precipitation of the acids from this solution, 
combined with fractional crystallisation from chloroform. In one 
experiment 7°7 grams of methylsuccinanil were dissolved in 30 c.c. 
of 2N-sodium hydroxide, and to the filtered solution hydrochloric 
acid was slowly added with constant agitation. No oil was precipi- 
tated, but a clear solution was obtained, from which in a few 
moments crystals of the anilic acid separated. The following 
fractions were obtained: (1) After the addition of 20 c.c. of 
2N-hydrochloric acid 1°9 grams were deposited, melting at 150°, 
which, when recrystallised twice from ethyl acetate, melted at 
158—159°. (2) On adding a further 10 c.c. of 2N-hydrochloric 
acid, 2°8 grams were deposited, melting at 95—135°, which were 
extracted with cold chloroform. The residue (1°3 grams) consisted 
of the acid melting at 159°, and after crystallisation from ethyl 
acetate melted at this temperature. The solution contained mainly 
the isomeric acid, and it was added to the chloroform solution (see 
below). (3) On keeping overnight, 10 gram of material separated, 
melting at 85—95°. This was the fairly pure isomeric acid, and was 
almost entirely soluble in cold chloroform. 

The united chloroform solutions were precipitated with light 
petroleum, and the precipitate (m. p. 105—108°) was purified by 
a process of alternate precipitation from the aqueous solution of its 
sodium salt, and recrystallisation from chloroform. This process 
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was successful because the difference in the solubility of the iso- 
merides in water was not so great as in chloroform. Eventually a 
product was obtained melting at 123°, which consisted of broad, 
clean-cut, microscopic needles, and further treatment produced no 
alteration in the melting point. 

The less soluble acid appeared to form from 40 to 45 per cent. 
of the total product, but, of course, the more soluble acid could 
never be isolated in a pure condition in quantity anywhere 
approaching the amount (55—60 per cent.) in which it was 
present. 

In order to remove all doubt as to the chemical individuality 
of these two acids, the following data were obtained. 

Methylsuccinanilic acid, m.-p. 159°, crystallises from ethyl 
acetate in fairly broad, flat needles. It is very readily soluble in 
alcohol, moderately so in ethyl acetate, and very sparingly so in 
chloroform (about 0°05 per cent. at 18°) or water (0°09 per cent. 
at 15°). When heated above its melting point it is converted into 
the anil, melting at 109°: 

0°1011 gave 0°2361 CO, and 0°0597 H,O. C=63'°69; H=6°56. 

01566 ,, 92 c.c. N, at 15° and 749 mm. N=6°85. 

C,,H,,0,N requires C=63°76; H=6°28; N=6°76 per cent. 

Methylsuecinanilie acid, m. p. 123°, crystallises from chloroform 
in clear, broad, microscopic needles. It is extremely readily soluble 
in alcohol or ethyl acetate, very readily so in hot chloroform, and 
a chloroform solution contains 1°6 per cent. at 16°. It is fairly 
readily soluble in hot benzene, insoluble in light petroleum, and 
moderately soluble in water (1'2 per cent. at 15°). When heated 
above its melting point it is converted into the anil melting at 109°. 
A mixture with the anilic acid melting at 159° melted at 105—108°, 
and when this mixture was recrystallised fern-like clusters of the 
usual mixture type were obtained : 


0°0957 gave 0°2225 CO, and 0°0554 H,O. C=63°43; H=6°43. 
071204 ,, 7T1lec. N, at 16° and 760 mm. N=6°94. 
C,,H,,0,N requires C=63°76; H=6°28; N=6'76 per cent. 


Succinamide. 


This compound can be obtained only in minute quantity by the 
action of ammonia on succinyl chloride. It was prepared, however, 
in a variety of ways indicated in the introductory portion, and in 
80 per cent. yield by the action of concentrated aqueous ammonia 
on methyl succinate, just sufficient alcohol being added to the 
mixture to bring the ester into solution. After three days the 
reaction was complete, and the precipitated amide was found to be 
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almost pure without further treatment. It crystallises from hot 
water in short, stout needles, melting and decomposing at 260°. 
This is considerably higher than the melting point usually given, 
and if the temperature rises slowly a much lower value is actually 
obtained. One part of the amice dissolves in 15 parts of boiling 
water, and in 300 parts of water at 15°. It is almost insoluble in 


alcohol and other organic solvents. 


Methylsuccinamide. 


This was prepared most readily in the same way as succinamide 
by the action of concentrated aqueous ammonia on a solution of 
the methyl ester of the acid. After remaining for five days at the 
ordinary temperature no more amide was deposited, and the total 
yield then amounted to 52 per cent. of the theoretical. Methyl- 
succinamide crystallises from water in short needles, melting and 
decomposing at 225°. It is almost insoluble in alcohol and organic 
solvents, but soluble in about 50 parts of water at 15°, and very 
soluble in hot water. 


cis- and trans-Dimethylsuccinamide. 
[With Sripney Henry GRoENEWwoup. | 


The only mention of a dimethylsuccinamide in the literature is 
by E. von Meyer (J. pr. Chem., 1882, [ii], 26, 359), who states that 
he prepared it by the action of ammonia on the oily product 
obtained by the bromination of cyanethine. The substance is 
described as crystallising in fine, pyramidal, pointed prisms, which 
did not melt at 260°. That it could really have possessed the 
constitution assigned to it by von Meyer seems impossible since 
these properties agree in no way with those of either the cis- or 
trans-amide obtained by a method which admits of no doubt, 
namely, from the respective esters by the action of ammonia, It 
seems, moreover, improbable that the symmetrical amides could be 
obtained in any appreciable quantity by the action of ammonia on 
the acid bromides, even if such were present in the oil obtained 
from cyanethine. 

cis-Dimethylsuccinamide was obtained by the action of concen- 
trated aqueous ammonia on dimethyl cis-dimethylsuccinate (b. p. 
200°), prepared according to Zelinski’s method (Ber., 1889, 22, 
646), sufficient alcohol being added to make the alcoholic strength 
of the resulting solution about 33 per cent. After being kept for 
one month at the ordinary temperature 0°06 gram of amide had 
separated in well-formed, triclinic prisms from a solution containing 
3 grams of the ester. The mother liquors yielded on evaporation 
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an oil consisting apparently in the main of unchanged ester, but 
on treating this a second time with ammonia no less than 0°6 gram 
of crystals separated in fourteen days. The crystals obtained by 
both operations, after washing with alcohol, were quite pure without 
further treatment. They melted and decomposed at 244°, and were 
almost insoluble in alcohol or cold water, but fairly readily soluble 
in hot water: 

0°0951 gave 16 c.c. N, at 22° and 767 mm. N=19°49. 

C.H,,0.N. requires N=19°44 per cent. 
trans-Dimethylsuccinamide was obtained in a precisely analogous 
manner to the cis-amide by substituting the trans- for the cis- 
dimethyl ester in the experiment described abeve. Under similar 
conditions 3 grams of the trans-ester yielded a larger amount of 
amide in the first treatment, namely, 0°15 gram. It was deposited 
in triclinic prisms of similar appearance, and solubilities in alcohol 
and water, asthe cts-isomeride. It melted and decomposed at 238°: 
0°1098 gave 18°6 c.c. N, at 20° and 760 mm. N=-19°63. 
C,H,,0,N. requires N=19°44 per cent. 

Both amides were decomposed extremely slowly by boiling hydro- 
chloric acid, more rapidly by boiling potassium hydroxide solution. 
Unfortunately the quantities at our disposal were too small for the 
saponification products to be satisfactorily identified, but since the 
esters regenerated their corresponding acids on hydrolysis and it 
is remotely improbable that the action of cold ammonia would 
preduce any change of configuration, it may be confidently assumed 
that the amides, also, yield on hydrolysis the respective acids from 
which they were obtained. 


Tuer Sir JoHN Cass TECHNICAL INSTITUTE, 
Lonpon, E.C. 


CCLIIL—A Magnetic Study of Compounds of Water 
and of Aqueous Solutions. 


By Francis WitLtam Gray and WitiiamM Mine Birsez. 


THE object of the work described in the present paper was to 
ascertain whether magnetic measurements can throw any light on 
the state of combination of water in compounds of different types, 
and especially to measure the magnetic properties of water in 
(1) aqueous salt solutions, (2) hydrated crystals such as those of 
copper sulphate, and (3) organic acids, such as benzoic and 
phthalic acids, which may be regarded as compounds of their 
anhydrides with water. 
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In all these classes instances were found in which the law of 
additivity, in the molecular sense, is obeyed. Thus aqueous solu- 
tions of potassium ferricyanide obey the law of additivity through- 
out the whole range of concentration, and yield a more trustworthy 
value for the susceptibility of potassium ferricyanide than that 
obtained from the solid. 

In the case of copper sulphate, if it is assumed that the suscepti- 
bility of the water is not affected appreciably by the union, then 
it is found that the paramagnetic susceptibility of the anhydrous 
copper sulphate molecule is increased by about 11°5 per cent. when 
it unites with one molecule of water. Further addition of water 
molecules to form the higher hydrate has no marked influence on 
the susceptibility.* 

In the case of organic acids it is found that additivity, in the 
molecular sense, holds for benzoic, phthalic, maleic, and fumaric 
acids, but not for succinic and camphoric acids. 

Aqueous solutions of potassium ferricyanide obey (see table I) 

x y P 
aan “oa 1, where z=the weight of 
potassium ferricyanide in 100 grams of aqueous solution, and 
yx10-® denotes the susceptibility of a solution of percentage z. 
It is not usual for an aqueous solution to follow so closely the addi- 
tive law. Indeed, many of the older determinations of the sus- 
ceptibility of salts are quite valueless, since they were calculated 
from determinations of solutions of single concentrations on the 
basis of additivity, and the value obtained in this way varies 
usually according to the concentration of the solution. Cabrera 
and Moles (Arch, Sct. phys. nat., 1913, [iv], 35, 425) have shown 
how the atomic susceptibility of iron varies with the concentration 
in solutions of ferric chloride, ferric nitrate, and sodium ferric 
pyrophosphate. 

In the magnetic study of solutions the following effects are to be 
looked for: (1) ionisation, (2) union of two or more molecular 
magnets to yield an astatic system not oriented in a magnetic field, 
(3) formation of hydrates and the stability of the same, (4) hydro- 
lysis. In addition, care must be taken to ascertain whether or not 
the susceptibility of a solution changes with time. Instances have 
been found of solutions originally additive which showed a gradual 
departure from additivity. Heydweiller (Ber. Deut. physikal. Ges., 
1913, 15, 112) gives results for solutions of ferric chloride, man- 
ganese sulphate, and nitrate, nickel nitrate, chromic sulphate, 
chromic nitrate, and cobalt nitrate. He observed a maximum in 
the curves for the relation between concentration and molecular 

* It is well known that similar differences have been observed in the specific heats 
and heats of hydration for the different water molecules in polyhydrates. 


very nearly the equation 
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susceptibility. This maximum may be produced by the joint action 
of effect (1), which causes increase of susceptibility, and effect (2), 
which causes diminution of susceptibility. Oxley discusses effect (3) 
(Proc. Camb. Phil, Soc., 1912, 16, 421), and points out that the 
hydrate may be so unstable as not to affect the magnetic properties 
at all. Wiedemann claims from magnetic measurements to be able 
to calculate the degree of hydrolysis of ferric chloride in aqueous 
solutions. In aqueous solutions of potassium ferricyanide which 
seem to obey the additive law none of the above effects can be 
detected by the present method. 

© ae 
gaa” 
ceptibility of potassium ferricyanide the value +6°43x10-* This 
gives 10°97, or very nearly 11 magnetons per molecule. Weiss 
(Compt. rend., 1911, 152, 367) gives 10°41 magnetons. 

The susceptibility of solid potassium ferricyanide (powder) we 
found to be +6°77 x 10-®, the error-range being +0°16, or about 
+2°2 per cent. (when calculated by the average deviation method). 
This figure, 6°77, gives 11:26 magnetons per molecule. 

Thde (Ann, Physik, 1913, [iv], 41, 829) points out, in the case 
of paramagnetic powders, that the molecules at the surface of the 
grains are most easily oriented in the magnetic field. An increase 
in the size of the particles causes a diminution in the total surface, 
and therefore in the number of surface molecules, and thus a fall 
in the susceptibility. This was found to hold for powdered potass- 
ium ferricyanide. 

On the other hand, the increased density which accompanies 
increased size of particles tends to an increased value for the 
susceptibility. 

On the whole, therefore, with potassium ferricyanide, the sus- 
ceptibility obtained from solutions is more trustworthy thau that 
from powders, because with solutions the precision is much better, 
the law of additivity is obeyed throughout the whole range of 
concentrations, and, further, the result implies an integral number 
of magnetons per molecule. 

In order to account for the magnetic difference between copper 
sulphate monohydrate and copper sulphate pentahydrate, we 
suggest the following hypothesis: that the water-molecules are 
arranged in space round the outside of the copper sulphate molecule, 
one in the vicinity of each oxygen atom and one in the vicinity 
of the copper atom. The last-mentioned water-molecule is the only 
one that causes deviation from the additivity of the magnetic 
properties. When two copper atoms of two anhydrous copper 
sulphate molecules are near one another they hamper one another’s 
movement in the magnetic field. Thus the orientation of the copper 
VOL. CV. 8 0 


Using iaaF - 1 and putting «=100, we obtain for the sus- 
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atom is not so free in the anhydride as in the monohydrate or in 
the pentahydrate, in both of which water-molecules intervene 
between the copper atoms, keeping them apart and thus preventing 
the mutual action above referred to. In other words, the para- 
magnetic susceptibility of the copper atom is less in the anhydride 
than in the monohydrate or in the pentahydrate. 

This theory receives support from the fact that similar hypotheses 
have served to explain two observations recently made in the cryo- 
genic laboratory at Leiden. Perrier and Onnes (Compt. rend., 
1914, 158, 941) studied mixtures of liquid oxygen and liquid 
nitrogen, and found that the coefficient of magnetic susceptibility 
of liquid oxygen increases as the concentration diminishes. Again, 
Onnes and Oosterhuis (Proc. K. Akad. Wetensch., Amsterdam, 
1913, 15, 969) in studying paramagnetism at low temperatures 
found for hydrates of salts and anhydrous salts, in the case of 
ferrous sulphate and manganese sulphate, that whilst the hydrate 
obeyed Curie’s law, y7'=constant, down to the temperatures of 
liquid nitrogen, the anhydrous salt followed the law, x(71+4)= 
constant, where x =specific susceptibility, 7 absolute temperature, 
and A=a constant. Thus, at any given temperature within a 
certain range the paramagnetism is increased by the union of 
water with the salt. 

Mile. Feytis (Compt. rend., 1911, 153, 668) about the same time 
as we made our observations obtained similar results for copper 
sulphate (see experimental part). 

Mlle. Feytis (loc. cit. and Compt. rend., 1913, 156, 886) found 
for the salts CuCl,,2H,O, CuCl,,2NH,Cl,2H,O, CuCl,,2KC1,2H,0, 
and NiSO,,6H,O departure from additivity in the same sense as in 
copper sulphate. On the other hand, she observed that additivity 
held for the salts CoSO,,7H,O, Cr.(SO,)3,16°74H,O, and 

K,80,,Cr.(SO,)3,24H,0, 

but not for CrCl,,6H,O, for which the departure was in a direction 
opposite to that for copper sulphate. This last case may be brought 
into line with our hypothesis by supposing that in anhydrous 
chromic chloride the chlorine atoms are arranged symmetrically 
round the chromium atom, chlorine atoms keeping apart the 
chromium atoms of different salt molecules, and thus enhancing the 
paramagnetism, When water unites with the anhydrous molecule 
we suppose that there is no longer the symmetry referred to, and 
that chromium atoms can come nearer one another than before, 
and thus the atomic paramagnetism of the chromium is diminished. 
The hydrates of chromic chloride are represented thus: 

[Cr(H,O),]Cl, (violet) and [CrCl,(H,O),|Cl+2H,O (green). 
The difference between these is not shown in magnetic measure- 
ments. 
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We have observed departure from additivity in the hydrates of 
diamagnetic salts also, and from our own results and those of others 
we have been led to the general rule, that when there is departure 
from additivity a paramagnetic anhydride has its paramagnetism 
increased and a diamagnetic anhydride has its diamagnetism 
diminished by the union with water, on the assumption that the 
susceptibility of the water is not affected appreciably by the union. 
In a paramagnetic substance the always present diamagnetism is 
masked by the larger paramagnetism. According to our general 
rule, the diamagnetism in a paramagnetic substance might be 
diminished by union with water (when there is departure from 
additivity), and thus the apparent, paramagnetism would be 
enhanced. We believe, however, that the departure from additivity 
in paramagnetic salts can be only partly explained by this cause, 
and that the hypothesis suggested under copper sulphate, or a 
substitute, is still required. 

For copper sulphate pentahydrate the theory might be brought 
forward that the water of crystallisation is made up of two dihydrol 
molecules and one monohydrol molccule, or one trihydrol molecule 
and two monohydrol molecules, or one trihydrol molecule and one 
dihydrol molecule, or one dihydrol molecule and three monohydrol 
molecules, or five monohydrol molecules. The first of these five 
possibilities is best suited for explaining how one water-molecule 
differs from the other four. We think, however, that this would 
account for only a very small magnetic difference, judging from 
the results of Piccard (Compt. rend., 1912, 155, 1497), who studied 
the susceptibility of water at various temperatures from 0° to 100°. 
The susceptibility of water is only 0°75 per cent. greater at 100° 
than at 0°; also the decrease on solidification is 2°4 per cent., so 
that variations in the proportions of trihydrol, dihydrol, and mono- 
hydrol has very little effect’ on the susceptibility. 

Similarly the results of Piccard do not encourage us to suppose 
that departure from additivity in a hydrate is due to any appre- 
ciable extent to any change in the magnetic susceptibility of the 
water, that is, to change caused by the union with the anhydride. 

The water which is present in a paramagnetic metallic hydroxide 
is usually regarded as a clear case of water of constitution, and 
when water unites with the oxide to form the hydroxide there is 
often a considerable enhancing of the paramagnetic susceptibility 
of the oxide molecule. Thus, there are hydrates and hydroxides 
in which the magnetic réle of water is identical, and it becomes 
an interesting question whetner we can extend the hypothesis we 
gave for hydrates to the case of metallic hydroxides. 

With regard to the organic acids (see tables III and IV) the 
parallelism between constitutional and magnetic similarities and 
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differences is interesting. In every case except the two acids which 
show decided departure from additivity (succinic and camphoric 
acids), the anhydride is obtained from the interaction of two 
carboxyl groups which are either near one another in the same 
molecule or are in different molecules, so that interaction can take 
place without any great change in the configuration of the atoms 
and their electrons. On the other hand, with succinic acid there is 
a marked change in the relative position of the atoms when the two 
carboxyl groups at the ends of the open chain interact to form a 
cyclic compound, and similarly with camphoric acid when two 
carboxyl groups attached to two non-adjacent carbon atoms in the 
camphoceanic ring interact to give the anhydride. 

In comparing our results with Pascal’s it should be noted that 
we use for the molecular susceptibility of water the experimental 
value —12°96 x 10-®, whilst the sum of Pascal’s atomic values is 
—10°46x10-®. In calculating the molecular susceptibility of an 
organic compound, however, Pascal introduces corrections for con- 
stitution, so that the two methods are not necessarily inconsistent. 
At any rate, our experimental figures and Pascal’s calculated values 
agree for fumaric acid and maleic acid and benzene; also, accord- 
ing to our method, additivity holds for these three substances. 


ExPERIMENTAL. 


The resent concordant results of de Haas and Drapier (1913), 
of Weiss and Piccard (1913), and of Séve (1912) yield for the 
specific susceptibility of water reduced to a vacuum the value 
—0°72x10-®, which we use here in preference to the value 
—0°75x10-® formerly used by Pascal, and the still older value 
of Curie, namely, —0°79 x 10-®. 

All our results were obtained with a Curie-Chéneveau magnetic 
balance except number 8 of table III, for which a Pascal balance 
was used. The permanent magnet of the Curie-Chéneveau balance 
had an average field of 232 gauss per sq. cm. over an area of 
5°6 sq. cm. round and at right angles to the axis. Platinum 
torsion wires were used about 33 cm. long and of diameter 0°15 
mm., 0°10 mm., or 0°07 mm., according to the requirements. The 
scale was placed at a distance of more than 2 metres from the 
mirror. The greatest precision was obtained with a pure liquid, as, 
for example, with benzene, as shown in table III. All the solids 
in table III were in the form of powder, and the precision is 
usually not so great as with benzene. In some cases we improved 
the precision by heating the anhydride both before and after it was 
in the tube, or by leaving the filled tube in a vacuum desiccator for 
some time before the determination. With a glass tube the heating 
might cause volume changes resulting in error, and it occurred to 
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us to try a quartz tube. We found, however, that little, if any- 
thing, was gained by its use, as the susceptibility of the quartz was 
much greater than that of the glass we used, so that a degree of 
uncertainty was introduced which perhaps more than balanced 
any advantage obtained from the constancy of volume of the quartz. 

In the case of the substances in table IV we sometimes found 
that purification improved the precision, even when the method of 
purification produced no change in the melting point. 

Result number 8 in table III was obtained with a Pascal balance, 
the field of the electromagnet having an average of about 9000 
gauss per sq. cm. over an area of 2°21 sq. cm. at right angles to 
and round the axis. 

The determinations were carried out at 15°. 

In the following numerical results we have given as many digits 
as we obtained in our calculation. The precision of the estimation 
indicates how many digits should be retained in each case. 


Magnetic Susceptibility of Aqueous Solutions of Potassiwm 


Ferricyanide. 
TaB_e I. 
Number 
Reference of 
letter or measure- 
number. ments. Le Yy. ie d,. Yoo d,. 
A 3 29-13 +1-394 +1-362 +0-032 +1-354 -+0-040 
B 2 26-22 +1-188 +1-155 +0-033 -+1-148 +0-040 
C 3 23-53 +0-993 +0-962 +0-031 +0-956 -+-0-037 
S 2 20-35 +0-731 +0-735 —0-004 +0-731 0-000 
1 2 17-32 +0513 +0-518 —0-005 +0515 —0-002 
2 2 15-55 +0391 +0-392 —0-001 +0-390 +0-001 
3 3 12-37 +0-162 +0-164 --0-002 +0-163 —0-001 
4 1 11:08 -+0-0675 +-0-0722 —0-0047 +0-0718 —0-0043 
5 2 8-27 —0-123 —0-129 +0006 —0-128 +0-005 
6 1 7-416 —0-178 —0-189 +0011 —0-188 -+0-010 
7 4 6-005 —0-286 —0-291 +0005 —0-289 +0-003 
8 4 4-594 —0-383 —0-392 +0009 —0-390 -+0-007 
9 6 2-976 —0-506 —0-507 +0-001 —0-504 —0-002 


In table I, x denotes the weight of potassium ferricyanide in 
100 grams of aqueous solution, yx 10-® denotes the susceptibility 
found by experiment for a solution of percentage x. y, is the 
value of y as obtained from io07 - Pe z= 1. d, denotes the distance 
in the direction of y that the experimental point is above or below 
this straight line; + means above, — means below. Under y, and 

, . ‘ x y 
dy, are given corresponding values obtained from 100770716 =! 
Neglecting the three solutions A, B, and (, we note that the first 
straight line fits the experimental points very closely, and that the 
second line fits still closer, but does not pass through the water- 


point. However, taking into account the degree of uncertainty of 
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the measurements and seeing how near the lines lie to one another, 
we need not push the refinement of the calculation so far, and may 
be content with the first and simpler equation. 

Of the solutions, A was the most concentrated we could con- 
veniently use, and its composition was found by chemical analysis. 
By adding a weighed amount of 4 to a weighed amount of water, 
B and C were obtained. S was prepared by adding a weighed 
amount of water to a weighed amount of pure potassium ferri- 
cyanide. A stock of S was prepared, from which, by the weighing 
method, the series of solutions 1... . 9 were obtained. Thus 
any error in the determination of the composition of A will affect 
B and C, and any error in the preparation of S will affect the set 
lto....9. Thetwo sets are, of course, independent of one another. 
This explains why the three points obtained with A, B, and C 
deviate further from the straight line than any of the points of the 
set S, 1, .... 9. It is probable that the analysis of A by 
chemical means is not so accurate as the preparation of S by the 
weighing method. 

The degree of the uncertainty of the magnetic measurements 
of the solutions will be seen from solution 9, for which the average 
deviation from the mean was 0°0038 or 0°76 per cent. 


Taste IT. 
Average 
Specific susceptibility deviation 

x 10°. from mean. Molecular Number 
“ ¢ a suscepti- of 

Mile. Feytis’ Our Abso- Per bility measure- 

Substance. values. values. lute. cent. x 10°. ments. 

Napa EA +86 839 0-02 0-2 +1339 3 
CuSO,,H,0 ......... +86 832 0-04 0-5 +1479 3 
CuSO,,5H,O ...... +5-9 5-81 0-03 0-5 -+ 1450 4 
Molecular susceptibility of CuSO,,H,O = +-1479 x 10-° 
Correction for water= —13x10-* 


Susceptibility of the molecule CuSO, in CuSO,,H,O= + 1492 x 10~° 
Molecular susceptibility of anhydrous CuSO,= + 1339 x 10-° 
Difference= 153x10~° 


Thus, the union with one molecule of water has increased the 
paramagnetic susceptibility of the anhydrous copper sulphate mole- 
cule by +153 x 10-° or by about 11°5 per cent. Further addition 
of water molecules to form the higher hydrate has no marked influ- 
ence on the susceptibility. 


Otherwise : 
Deviation from 
Molecular susceptibility x 10°. additivity. 
Substance. Experimental. Calculated. Absolute. Per cent. 
CuSO,,H,O ... +1479 +1326 153 11 


(from CuSO, and H,0) 
1427 


+ 23 1-5 
(from CuSO,,H,O and H,O) 


CuSO,,5H,O ... +1450 


COMPOUNDS OF WATER AND OF AQUEOUS SOLUTIONS. 


Copper Nitroprusside. 


Average deviation 
Specific from mean Number Molecular Deviation 
suscep- - of suscep- from 
tibilit Abso- Per wmeasure- tibility additivity 
x 10°. lute. cent. ments. X10". per cent. 
Cu(NO)Fe(CN),,2H,O +454 0-05 1-0 5 + 1432 8-4 
Cu(NO)Fe(CN), ...... +5-73 0-03 0-5 5 -+ 1593 — 


This would indicate that the deviation is opposite in direction to 
that for copper sulphate. However, any slight decomposition in 
the preparation would make the anhydride too highly paramag- 
netic. A general study of nitroprussides, on which we are at 
present engaged, may throw more light on this question. 


Some Diamagnetic Salts. 


Potassium ferrocyanide: 
Molecular susceptibility of K,Fe(CN),,3H,O=—172-0x 10-° 
Correction for 3H,0=— 38-9 
Susceptibility of the molecule K,Fe(CN), in K,Fe(CN),,3H,0=— 133-1 
Molecular susceptibility of anhydrous K,Fe(CN),= — 145-1 
Difference = 12. 

By union with water the diamagnetism of the molecule 
K,Fe(CN), is diminished by about 9 per cent. 

The following figures were calculated from the results of St. 
Meyer. Loss per cent. means the percentage by which the diamag- 
netic susceptibility of the anhydrous salt molecule is reduced by 
union with water to form the given hydrate. 


TRG ARb® cocccsccgececcoecs MgCl,,6H,O. CaCl,,6H,0. BaCl,,2H,0. 
Loss per cent .......e.06 over 100 over 100 25 
Hydrate ........00. eoseose MgSO,,7H,0. Li,SO,,H,O. Na,CO,,10H,O 
Loss per Cent........se00. over 100 24 over 100 


This would imply that in these salts we have paramagnetism 
masked by the diamagnetism of the water. 


TaBLeE ITT. 
Organic Acids. 


, Average deviation Number 
Specific from mean. of 
. Reference susceptibility . . measure- 
1 number. Substance. x 10°. Absolute. Per cent. ments. 
1. [Benzene] ...... —0-7086 0-0049 0-7 5 
2. Benzoic acid ... —0-5560 0-0123 2-2 6 
3. Benzoic 
anhydride ... —0-5522 0-0060 1-1 6 
4, Phthalic acid ... —0-4878 0-0054 1-1 7 
5. Phthalic 
anhydride ... —0-4460 0-0048 1-1 6 
6. Maleic acid ...... — 0-4269 0-0182 4-0 8 
7. Fumaric acid ... —0-4158 0-0043 1-0 4 
8. Fumaric acid ... —0-4269 0-0095 2-2 5 
9. Maleic 
anhydride ... —0-3654 0-0056 1-5 6 
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TaBLeE IIT. (continued). 


Average deviation Number 
Specific from mean. of 
Reference susceptibility measure- 
number. Substance. « 5. Absolute. Per cent. ments. 
10. Succinie acid ... —0-4615 90-0015 0-3 5 
11. Succinic 
anhydride ... —-0-4753 0-0111 2-3 5 
12. Camphoric 
a —0-7461 0-0054 0-8 4 
13. Camphoric 
anhydride ... —0-6204 0-0172 2-7 6 


TABLE IV. 


Molecular susceptibility x 10°. Deviation 


from 
Reference Experi- For additivity. 
number. Substance. mental. additivity. Per cent. Pascal. 
2. Benzoic acid... -—67-78 — 68-85 1-5 70-53 
3. Benzoic 
anhydride ...  -—62-37x2 oo — — 
4. Phthalic acid... -—81-36 78-97 2-5 86-03 
5. Phthalic 
anhydride ... —66-01 — - — 
6. Maleic acid ... —49-52 — 48-77 1-5 49-67 
7. Fumaricacid... —48-23 — 48°77 1-0 49-67 
8. Fumaricacid .. — 49-52 — 48-77 1-5 49-67 
9. Maleic 
anhydride ... —35-81 — — — 
10. Succinic acid... —54-45 — 60-49 9-9 57-48 
11. Succinice 
anhydride... -—47-5: —_ — ies 
12. Camphoric 
UE ascensecciss — 149-3 — 125-3 19-0 — 
13. Camphoric 
anhydride... —112-3 — os = 
Molecular 
susceptibility Pascal gives 
x 10° cr A 
TIOMRONB. .irsccciscvcccsoeseness — 55-27 — 55-1 (Expt.) — 55-03 (Cale.) 
Phthalic acid ..............000 — 81-36 


TOMES GEE - vosiiescsscccacsxe 


Thus when the molecular susceptibility of benzoic acid is calcu- 
lated from benzene and phthalic acid on the basis of additivity, 
then the experimental result differs from this calculated value by 
less than 1 per cent. 

Under the heading “ Pascal’’ we give the molecular susceptibili- 
ties as calculated from Pascal’s atomic values and his corrections for 


constitution. 
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CCLIV.—The Influence of Nitro-groups on the Re- 
activity of Substituents in the Benzene Nucleus. 


By James KENNER. 


AutHoucH the enhanced reactivity of substituents in the ortho- 
or para-position relatively to a nitro-group has been a familiar 
fact since it was first observed by Pisani in the case of picryl 
chloride (Annalen, 1854, 92, 326), little insight appears to have 
been gained into the nature of the processes which result in the 
displacement of such substituents by others. 

The “activating” influence of the nitro-group is in direct con- 
trast with its retarding, and at times inhibitive, effect on other 
reactions. Whilst, however, the nitro-group shares its power of 
steric hindrance with other substituents of large molecular volume, 
quite irrespective of whether they are meta- or ortho- and -para- 
directive, this is not the case where the opposite effect is concerned. 
In general, only meta-directive groupings can render substituents 
in the ortho-position mobile; for instance, Schépff and his pupils 
showed that the carboxy-, aldehydo-, sulphonic, and cyano-groups 
each conferred mobility on a bromine atom in the ortho- or para- 
position (Ber., 1889, 22, 900, 3281; 1890, 23, 3440, 3445, 3450; 
1891, 24, 3771, 3785, 3808). The presence of a nitro-group was 
not essential, but its influence was much more powerful than that 
of the other groups named, and at least two of these, as compared 
with a single nitro-group in the ortho- or para-position (compare 
Lobry de Bruyn, Rec. trav. chim., 1894, 18, 101), were required 
to render a substituent mobile. Ortho-para-directive substituents 
appear, however, to increase the mobility of substituents in the 
meta-position in some cases. Thus Laubenheimer showed that, 
whilst the conversion of o-dinitrobenzene into o-nitroaniline by 
means of alcoholic ammonia requires ten weeks at the ordinary 
temperature for its completion, the corresponding reaction in the 
case of 5-chloro-1 : 2-dinitrobenzene is complete within five days, and 
leads to the formation of 5-chloro-2-nitroaniline (Ber., 1876, 9, 
1826; 1878, 11, 1156). 

Similarly, Tiemann found that o-chloro-pnitrobenzaldehyde is 
easily converted into o-chloro-p-anisaldehyde by the action of 
sodium methoxide, p-nitrobenzaldehyde being stable in these circum- 
stances (Ber., 1891, 24, 709). Attention has apparently not been 
previously directed to this phase of the problem, and it is therefore 
at present not possible to indicate how far this influence of the 
chlorine atom is general, or shared by other ortho-para-directive 
substituents. 

VOL, CV. 8 P 
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The eviderce as it stands, however, suggests a close connexion 
between the phenomena at present under discussion and those of 
directive substitution ; and, indeed, the various facts just enumer- 
ated find a ready explanation in terms of the views advocated by 
Fliirscheim (J. pr. Chem., 1902, [ii], 66, 321; 1905, 71, 497; 1907, 
76, 165, 185; T., 1909, 95, 718; 1910, 97, 84). Thus it is clear 
from the diagram that a nitro-group in the ortho- or para-position, 
and a chlorine atom in the meta-position, each weaken the attach- 
ment of the substituent X to the nucleus, rendering it more 
mobile : 


and that their influence is cumulative. Conversely, it may be 
expected that the effect of, for instance, a nitro-group in the meta- 
position, or a chlorine atom in the ortho- or para-position, would 
be a detrimental one. Quantitative experiments on the velocities 
of such reactions are therefore desirable, in order to discover 
whether these influences exist, and, if so, whether they are parallel 
with those observed, for example, by Staudinger and Kon (Annalen, 
1912, 384, 38), which are also capable of interpretation in the 
light of Fliirscheim’s views. 

It must be remarked, however, that the attachment of the 
nitro-group to the benzene nucleus has been frequently assumed to 
be a comparatively strong one. Thus Kaufmann (“Die Auxo- 
chrome,” Stuttgart, 1909, p. 76) refers to the aliphatic nature of 
the nitro-compounds, as illustrated by the reactivity of the chloro- 
nitro-compounds, and later (p. 93) attributes the formula I to 
nitrobenzene : 


—— Aux NH, 

) ) \) 
: a 6 ¢: 
\/ ae NV} 


| 
(I.) (II.) (III. ) 
The adoption of this formula, preceded as it is (pp. 80, 85) by the 
formule II and III for benzene with the ‘ideal auxochrome”’ as 


a substituent, and for aniline, involves certain difficulties, Thus 
Kaufmann is at once driven to attribute something in the nature 
of an amphoteric character to the phenyl residue, and to assume 
“dass die Absittigung der Partialvalenzen bei Antiauxochromen 
polar zu der bei Auxochromen statthat.” Further, it is probable 
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that the presence of residual affinity on the ortho- and para-carbon 
atoms, as represented by Kaufmann, would tend to promote the 
substitution in the ortho- and para-positions which actually takes 
place. If, then, Kaufmann’s formula for nitrobenzene be accepted, 
substitution might be expected to take the same course in this case, 
but this is not so. The strongest evidence in favour of Kaufmann’s 
view is probably supplied by the work of Meisenheimer (Annalen, 
1902, 323, 222; 1907, 355, 249), who examined very thoroughly 
the action of potassium methoxide on various nitro-compounds, and 
explained his results in terms of Thiele’s theory of partial valencies, 
making the same assumption in regard to the nitro-group as that 
made by Kaufmann. It will, however, be suggested that these 
results are not irreconcilable with the opposite point of view. Nor 
is Kaufmann’s formula, in the author’s opinion, a necessary conse- 
quence of Thiele’s theory, which is based on a conception of the 
nature of the double bond uniting two atoms of the same element. 
Where a double bond connects two different elements, it is conceiv- 
able that one of these, that of greater residual affinity, may claim 
the whole of the available affinity of the other. This is especially so 
as regards the nitro-group, where the single nitrogen atom is 
attached to two oxygen atoms, and if such were actually the case, 
Fliirscheim’s formula would represent nitrobenzene more accurately. 
Further, Werner’s explanation of the activity and inertia of the 
respective halogen atoms in triphenylmethyl bromide and tribenzoy]l- 
bromomethane (Ber., 1906, 39, 1282), symbolised by the formule: 
(C,H,;).==C—Br, (C,H,--CO),=C—Br, 
appears to Jend support to the following formula for bromotrinitro- 
methane, the bromine atom of which is also inert (Meisenheimer 
and Schwarz, (Ber., 1906, 39, 2544): 
(NO,),—C—Br. 

The evidence supplied by these considerations is therefore also in 
favour of Fliirscheim’s views. 

The following instance appears to show that the activating influ- 
ence of nitro-groups may act through a chain of atoms, which do 
not all form part of an aromatic nucleus. Whilst o-hydrazino- 
benzoic acid only passes over into 3-keto-1 :3-dihydroindazole when 
it is heated alone to 220—230° or with boiling phosphoryl chloride 
(E. Fischer, Ber., 1880, 18, 681; E. Fischer and Seuffert, ¢bid., 
1901, 34, 795), methyl 3 :5-dinitro-2-hydrazinobenzoate cannot be 
isolated as a product of the interaction of methyl 1-chloro-3 :5-di- 
nitrobenzoate and hydrazine hydrate, but is immediately converted 
into 5 :7-dinitro-3-keto-1 :3-dihydroindazole. The following scheme 
shows that this reaction is also in accordance with the views just 
discussed : 

8 P 2 
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It might, however, be objected that, whereas Fliirscheim has 
applied his views to explain the replacement of a hydrogen atom in 
the meta-position with respect to a nitro-group, they are here 
employed to explain the replacement of substituents in the ortho- 
or para-positions. This consideration is of great importance 
because it shows that, whatever the nature of the substitutive 
processes involved in the two cases may be, they must be essentially 
different in character. Such a conclusion is supported by the facts 
that the steric hindrance of the negative groups in the ortho-posi- 
tion is to a large extent, although not completely, overcome, and 
that the nitro-group, which is the substituent most effective in 
exerting this hindrance, is also the most effective in promoting the 
condensations of the type under consideration. It seems clear that 
the activating group is itself concerned in the reaction. In view 
of the increasing favour with which the addition theory of chemical 
reaction is now received, and of the fact that the nitro-group is 
especially prone to take part in the production of molecular com- 
pounds, it seems natural to assume that the formation of such 
a compound is the first step in the process at present under dis- 
cussion: and, indeed, when an aromatic amine, for example, reacts 
with an active chloronitro-compound in alcoholic solution, an intense 
coloration is at once produced which differs from that imparted to 
alcohol by the final condensation product, and is probably to be 
attributed to the formation of an additive compound. This sug- 
gestion is not a novel one, and appears to have been originally 
made by Bamberger (Ber., 1900, 33, 102), who, however, expressed 
no opinion as to the nature of the process by which the intermediate 
product passed over into the final condensation product. Bam- 
berger actually isolated a molecular compound of picryl chloride 
and a-naphthylamine, from which picryl-a-naphthylamine was easily 
formed; whilst Sudborough and Picton isolated similar additive 
compounds of 4:6-dichloro-1 :3-dinitrobenzene and of 2: 4-dichloro- 
1:3:5-trinitrobenzene, each with one molecular proportion of a- or 
B-naphthylamine (T., 1906, 89, 583). Sudborough and Picton 
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suggested the following scheme to explain the mechanism of the 
reaction (compare also Richter, Ber., 1875, 8, 1419): 


whilst Borsche has recently (Annalen, 1911, 386, 356; 1913, 402, 
81; compare also Meisenheimer, zbid., 1902, 323, 218) advocated 
the following expression of the reaction between 4-chloro-1 :3-di- 
nitrobenzene and ethyl sodiomalonate * 
Cl Cl CH(CO,Et), 
bed a a My po CH(CO,Et), 
(\an0" (Sand ps 
( JAK. Sg es oe 
\Z \Z 
NO, Xo, NO, 
Lapworth (P., 1903, 19, 123; compare Meisenheimer and Patzig, 
Ber., 1906, 39, 253; Lobry de Bruyn, Rec. trav. chim., 1904, 28, 
60) suggested the formation of the same type of intermediate 
product, as a result of the passage of the substituting radicle from 
an a- toa y-position (T., 1898, 73, 445): 
Br OH 
be 
‘aa 
me 
VY Ww 
It is obvious that the whole question depends on that of the con- 
stitution of the molecular compounds first formed. The fact that 

* 4:6-Dichloro-1 :3-dinitrobenzene furnishes first ethyl 5-chloro-2 : 4-dinitro- 
phenylmalonate, only reacting with a further molecular proportion of ethyl sodio- 
malonate with much greater difficulty, and this unequal reactivity is considered to 
be ‘‘an experimental proof” of Kekulé’s benzene formula, as against Thiele’s or the 
centric formula. It appears exceedingly doubtful whether this evidence is as 
valuable as that afforded by the work of Marckwald (Annalen, 1894, 279, 5), for it 
is hardly convincing that evidence, which is interpreted with the assistance of 
Thiele’s theory of partial valencies, should be used to disprove a formula which 
follows from an application of this theory to Kekulé’s formula. 

Further, it may be remarked that the formula of ethyl sodiomalonate used by 
Borsche is not the one generally adopted, and to this extent his choice of an 
illustration for his theory is not a happy one. 

Also, according to Borsche, the chlorine atom in the compound under discussion 
is not loosely held. In this case it is difficult to account for the fact that Ullmann’s 
synthesis of diphenyl derivatives by heating the haloid benzenes with copper powder 
is only applicable to chloro-compounds when they contain nitro-groups in the 


77h or para-position to the halogen atom (Ullmann and Bielecki, Ber., 1907, 34, 
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tetranitromethane and other aliphatic nitro-derivatives may form 
such compounds (Werner, Ber., 1909, 42, 4328) appears to be 
decisive evidence against a formula of the type postulated by 
Sudborough and Picton, and by Borsche, whilst Lapworth’s formula 
supplies no explanation of the intense colour phenomena observed. 
The formula (IV) suggested by Werner (loc. cit.) is seen to be 


closely related to that (V) adopted by Hantzsch for the nitro- 
anilines (Ber., 1910, 43, 1669), and is in harmony with the 
observations of Sudborough and Beard (T., 1910, 97, 779), that 
substituents which tend to increase the auxochromic effect of the 
amino-group always tend to increase the depth of colour of the 
additive compounds of trinitrobenzene with amines (compare also 
Green and Rowe, T., 1912, 101, 2446; Meldola and Hewitt, T., 
1913, 108, 884; Meldola and Hollely, this vol., p. 413). No attempt 
appears to have been made to institute a quantitative comparison 
by an examination of the absorption spectra of the two series of 
compounds, but it seems to the present author that this point needs 
attention before the alternative formula (VI), hinted at by Pfeiffer 
(Annalen, 1914, 404, 13), is accepted: 
R:-NO, CEH; NH. 
(VI.) 

Meanwhile, Werner’s formula has been retained in the following 
attempt to depict in outline the course of the reaction by which 
an arylamino-radicle displaces a mobile substituent X : 

H,NR 

x x H,NR OF 


| x, | seen * 
| | No > | | Yo —_> | | No —> 
a 


\7 


NHR 
/™» NHR 


al >o | O 
) Ax 
Ba. “Sra es* 
a WY 


, 


As a consequence of the formation of the molecular compound, a 
certain amount of unsatisfied valency may be expected momentarily 
to exist, as shown, on the carbon atom to which X is attached, and 
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may either be absorbed by X or engage a portion of the residual 
affinity of the spatially proximate nitrogen atom. Of the two 
alternatives, the latter, represented by the third formula in the 
scheme, seems the more probable because it enables the system, by 
a subsequent rearrangement in the manner indicated, to attain a 
condition of smaller potential energy. 

The process by which the nitro-group facilitates the condensation 
is thus considered to consist in rendering it intra- rather than 
inter-molecular by bringing the amine molecule into a position 
favourable to the formation of a five-membered ring (or, if Pfeiffer’s 
formula were adopted, of a six-membered ring). It is this feature 
that differentiates the views now put forward from those of 
Lapworth ; whilst, in the author’s opinion, the supporters of the 
remaining theory are confronted with the dilemma that the steric 
hindrance of groups is probably explicable in a manner substan- 
tially similar to that by which they seek to explain the opposite 
effect. Thus Henry’s theory, that esterification depends on the 
formation of the intermediate compound (VII), has been extended 


HO OR 
OH 
OH 
RoZOH 
NOEt 
(VII.) 


by Wegscheider to the case of the phenols, it being assumed that 
the sterically active group X prevents the formation of the inter- 
mediate additive compound (VIII) (J/onatsh., 1895, 16, 140; com- 
pare also Davies, T., 1900, 77, 33). The theory, that this is the 
usual mode of formation of substitution derivatives of phenol, has 
been current for a considerable time, and is strongly supported 
by experimental evidence recently adduced (Meyer and Lenhardt, 
Annalen, 1913, 398, 51; Meyer, Irschich and Schlosser, Ber., 1914, 
47, 1741; compare Auwers and Michaelis, ibid., p. 1275). 

In this connexion attention may be drawn to the behaviour of 
picramide. This amine furnishes a reddish-brown explosive potass- 
ium salt (Green and Rowe, T., 1913, 103, 513), but is attacked by 
acetic anhydride only in the presence of sulphuric acid * (Witt and 
Witte, Ber., 1908, 41, 3092; compare Paal and Benker, Ber., 1899, 
32, 1251; Paal and Hartel, tbid., p. 2051; Meldola and Hollely, 
this vol., p. 410). Similarly, 5 : 7-dinitro-3-keto-1 : 3-dihydroindazole 


* It is noteworthy that sulphuric acid has also been found to be effective in 
facilitating the esterification of acids which remain unaffected under the usual 
conditions (Wegscheider, Ber., 1895, 28, 3128 ; Kenner and Mathews, this vol., 
p. 2474). 
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furnished a monoacetyl derivative (IX), and a deep brown explo- 
sive disodium salt (X), whereas its 2-phenyl derivative could not be 
acetylated, and only yielded a monosodium salt* (XI). It thus 
appears that the hydrogen atom in position (1) cannot be acetylated 
under ordinary conditions, but can take part in salt-formation. 
Since a diacetyl derivative and a monosodium salt are obtained 
from 3-keto-1 :3-dihydroindazole itself, it is clear that its relation- 
ship in these respects to its dinitro-derivative corresponds exactly 
with that of aniline to picramide: 


NH-NAc N-NNa N-NPh 
| ee | ee | 
O,N/ \-Co Nx0,N:/ CO NaO,N:/ co 


/ \7/ 
NO, NO 
(IX.) (X.) 


2 


These examples illustrate the fact that a nitro-group can protect 
an amino-group by steric hindrance, and yet render its hydrogen 
atoms active towards alkali. In other words, the two processes 
involved, of which one is a particular example of those with which 
this paper is concerned, are fundamentally different. 

A group of large molecular volume occupying the second ortho- 
position to the substituent X may, of course, be expected to 
exercise the steric hindrance usually observed in such cases of ring- 
formation, and we therefore find that 2-chloro-1 :3-dinitrobenzene 
reacts much less rapidly than 4-chloro-1 :3-dinitrobenzene (Borsche 
and Rantscheff, Annalen, 1911, 879, 152). Steric influences 
must further be considered in regard to their effect on the 
formation of the primary additive compound. Thus Sudborough 
and Picton (loc. cit.) showed that the introduction of three methyl 
or two methoxyl groups, or three bromine atoms into the molecule 
of trinitrobenzene completely inhibited the formation of molecular 
compounds with a- or B-naphthylamine, whilst Hofmann and Kirm- 
reuther found that alcoholic solutions of trinitromesitylene and of 
trinitro-m-xylene, in contrast with trinitrobenzene, developed no 
colour when hydrazine hydrate was added (Ber., 1910, 33, 1765). 
Similarly, Jackson and Boos showed that di- and tri-nitromesi- 
tylenes did not give coloured additive products with metallic alkyl- 
oxides (Amer. Chem. J., 1898, 20, 444). The importance of this 
factor is illustrated by the case of 4:6-dibromo-1 : 2-dinitrobenzene, 
from which the Ii-nitro-group is displaced by the amino-group 
(Blanksma, Rec. trav. chim., 1908, 27, 50): 


* The formule given to these salts in the text are of course alternative to para- 
quinonoid ones, or to Hantzsch’s aci-formule. 
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A comparison with the behaviour, already quoted, of 4-chloro- 
(or bromo-)-1:2-dinitrobenzene at once suggests that the nitro- 
group in position 2 would be the more easily displaced were it 
not that the other nitro-group is sterically prevented from forming 
the necessary additive compound. 

The above considerations are applicable in other cases. Thus, 
the reaction between potassium methoxide and trinitrophenetole 
(Meisenheimer, Joc. cit.) may be represented in the following 
manner : 


MeOK MeOK 
Eto os 


The formation of coloured salts of nitrophenols, to which Hantzsch 
has assigned the formula (XII) (Ber., 1912, 45, 90), can be 
expressed in the same manner: 


and it is no longer remarkable that “echte Nitrokérper mit einer 
zweiten negativen Gruppe isomerieren sich als Pseudosauren (durch 
Wasser oder Alkalien) niemals nur zur ersten Stufe der einfachen 
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aci-Nitrokérper, sondern stets sofort zu der zweiten Stufe der kon- 
jugierten aci-Nitrokérper, so dass in dem folgenden Umwandlungs- 
schema das Mittelglied nicht existiert” (Hantzsch, loc. cit.) : 


x x x~ 
CH<No, -> | CH<No,x | —> CHG >H 


The course of the condensation of 2:4-dinitrotoluene with benz- 
aldehyde in presence of secondary bases (Thiele and Escales, Ber., 
1901, 34, 2842) may perhaps be considered to take place in a 
similar manner. This suggestion at once accounts for certain 
observations made by Borsche (Annalen, 1911, 386, 351), which 
he was unable to explain. Whilst 4:6-dinitro-(XIII)- and 
2:4 :6-trinitro-(XIV)-m-xylenes respectively give yields of 35 and 
43 per cent. of the corresponding distiyrylbenzenes when condensed 
with benzaldehyde, 2:4-dinitro(XV) and 2:4:6-trinitro-(XVI)- 
mesitylenes are unchanged. 


Me Me Me Me 
0,N/ ie O,N/ xo, /\No, 0,8/ \NO, 
\ Me \ /Me Me Me Mel Me 

No No, No, No, 

(XIII.) (XIV.) (XV.) (XVI.) 


In the last two cases the nitro-groups are sterically prevented 
from forming the required additive compound, but in the first two 
cases both the 4- and the 6-nitro-groups are free to do so. If, how- 
ever, the condensation took place by direct interaction of the methyl 
groups with the aldehydes, trinitro-m-xylene should be unchanged, 
as trinitromesitylene is, whilst dinitromesitylene should react with 
ease. Also, a comparison of the behaviour of the two reactive com- 
pounds is interesting as illustrating the resultant influence of, on 


OMe 
Meo’ \co 0’ \cHo 
| | O + CH,< ‘WT. , oe 
\ AE: O\ /OH,-CH,NHM 
No, 
Ome 
Co 
Meo/ \” Ny 
Yea 
CH. 
on.<0/ Nyt 


a 
hel \on, 4078 


—— 


i —— 
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the one hand the activating influence, and on the other the steric 
hindrance to the later stages of the reaction, of the 2-nitro-group. 
Further, it may be observed that Hope and Robinson, when con- 
sidering the mechanism of the condensation of nitromeconine with 
cotarnine (shown on p. 2726), attributed two functions to the 
imino-group: “first, in attracting the nitro-compound and in 
forming a loose combination of the type of the compounds obtained 
from amines and trinitrobenzene, and secondly, in effecting the 
condensation between the aldehyde and methylene groups” (T., 
1911, 99, 1153, 2114). The views thus expressed approximate very 


‘closely to those advocated above. 


The reactivity induced by other meta-directive groups may 
possibly be explained in a similar manner. Thus there is abundant 
evidence that the carbonyl group is able to take part in the forma- 
tion of molecular compounds (compare, for example, Pfeiffer, 
Annalen, 1910, 376, 285; 1911, 383, 92; Ber., 1914, 47, 1580), 
and it is probable that the same will be found to be true of the 
sulphonyl and the cyanogen groups. 

It is possible that similar considerations might lead to an 
explanation of the activity of the chlorine atom and the methyl 
group in 2-chloro- and 2-methyl-pyridines. At any rate, these 
examples serve to expose the inaccuracy of Vorlander’s statement 
(Annalen, 1910, 320, 66), according to which the “reactive” un- 
saturated group, *X:Y*, causes mobility of the hydrogen atom in 
system XVII, but not in XVIII or XIX: 

H-A*X-Y: H-X°Y- H:-A°B-X°Y: 
(XVIL.) (XVIIL.) (XIX.) 

Whilst, however, the views just developed suffice to explain a 
number of observed facts, they do not embrace another reaction, 
which was observed during the course of the experiments about 
to be described. Thus it was found that 3-chloro-5 : 7-dinitroindazole 
(XX), formed when 5:7-dinitro-3-keto-1:3-dihydroindazole is 
heated under pressure with phosphory! chloride at 140°, is converted 
into 3:5:7-trichloroindazole (XXI) if the reaction is carried out 
at 180°; and the 2-phenyl derivative showed a similar behaviour: 


NH—NH N—NH N—NH 
| '% | , | 
NO, \ do on NO, Scet aa ci’ cot 
ad bid 
No, No, Ul 
(XX.) (XXI.) 


Analogous observations have been made by Lobry de Bruyn 
(Rec. trav, chim., 1896, 15, 84), who found that, among others, 
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s-trinitrobenzene and the three dinitrobenzenes were converted into 
the corresponding chloro-derivatives when heated with saturated 
hydrogen chloride solution at 200—300°. Similarly Zincke and 
Kuchenbecker (Annalen, 1904, 330, 50) showed that 2 :2/-dinitro- 
azobenzene-4 :4/-disulphonic acid, when heated with concentrated 
hydrochloric acid at 160°, furnished tetrachloroazobenzene: 


NO, NO, Cl Cl 
Pate i. 4 \yww’ Nei 
HOS¢ NIN SO,H —> CK DNINC _ DCL. 


The facts that all the nitro-groups are Patt and that in the 
cases of the dinitrobenzenes the reaction is independent of their 
orientation, would appear to indicate that the cause of the reaction 
is to be sought in the relationship of the nitro-groups to the 
benzene nucleus rather than in any direct mutual influence of these 
groups. Since, however, nitrobenzene itself does not undergo this 
reaction (Lobry de Bruyn and van Leent, loc. cit.), it is evident 
that the second nitro-group does play some part, probably by 
suitably modifying the condition of the benzene nucleus. This 
surmise receives some measure of support from the fact that the 
displacement of nitro-groups by chlorine atoms takes place much 
more readily in the case of naphthalene derivatives (Atterberg, 
Ber., 1876, 9, 1187, 1732; 1877, 10, 1843), in which the condition 
of the nuclei is generally acknowledged to be somewhat different 
from that of the ordinary benzene nucleus. This idea is not novel, 
for it is implied in the term “ negativity,” by which the chapter 
of organic chemistry dealing with such cases of mobility is some- 
times designated. It is therefore also probable that this effect of 
nitro-groups on the benzene nucleus must be taken into account 
in connexion with the reactions to which the main part of the 
present discussion has been devoted. Similarly, the nature of the 
substituent to be replaced also requires consideration. Thus Sud- 
borough and Picton were unable to prepare picryl-a-naphthylamine 
from picrylaniline, although the necessary additive compound was 
isolated (loc. cit., p. 587). The fact that s-trinitrobenzene is con- 
verted into 3:5-dinitroanisole by the action of sodium methoxide, 
but is not affected by ammonia (Lobry de Bruyn, Rec. trav. chim., 
1890, 9, 214, 218; 1894, 18, 148), shows that the nature of the 
entrant group is also of importance. It must, however, be observed 
that these factors operate by predisposing the system to reaction 
rather than by playing any active part in the change. 

Still other influences are noticeable in certain cases. Thus the 
displacement of a nitro-group in the course of the synthesis of 
3:5-dinitro-oxazine from 2:4 :6-trinitro-2/-hydroxydiphenylamine, 
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observed by Turpin (T., 1891, 59, 722; see also Kehrmann, Ber., 


1899, 32, aus: 
Afame \/\ xo ae a ie 


| = 
ee ae Ae 


is comparable with the conversion, just cited, of s-trinitrobenzene 
into 3 :5-dinitroanisole, and is probably a result of the negativity of 
the benzene nucleus. This, however, affords no explanation of the 
fact, observed by Ullmann, that whilst Turpin’s reaction is applic- 
able to 2 :6-dinitro-2/-hydroxydiphenylamine, it fails in the case of 
the 2:4-isomeride (Annalen, 1909, 366, 79). 

Further, the result of the action of potassium cyanide on alcoholic 
solutions of the bromonitrobenzenes and similar compounds at 180°, 
first studied by Richter, is remarkable. Para- and meta-bromo- 
nitrobenzenes are respectively converted into meta- and ortho- 
bromobenzoic acids, but the ortho-isomeride is recovered un- 
changed (Ber., 1871, 4, 21, 461, 553; 1874, 7, 1145; 1875, 8, 
1418; compare Zincke, Ber., 1874, 7, 1503). Whilst these reactions 
are normal in the sense that the hydrogen atom in the ortho-posi- 
tion to the nitro-group is attacked in each case, they disclose a 
strong tendency, not observed in any of the cases previously 
referred to, on the part of the substituting group (in this case 
cyanogen, which is subsequently hydrolysed), to enter the nucleus 
as close to the other negative group as possible. So strong is this 
tendency that it prevents the conversion of o-bromonitrobenzene 
into m-bromobenzoic acid, although both the bromine atom and the 
nitro-group in this case conduce to the mobility of the meta-hydro- 
gen atom ; whilst in the second case quoted above the reaction takes 
place irrespective of considerations of steric hindrance, which would 
suggest the para-hydrogen atom as more likely to be attacked.* If 
due allowance is made for this factor, the action of potassium 
cyanide on various nitro-compounds, apparently so bewildering in 
the variety of results observed (collated by Lobry de Bruyn, Rec. 
trav. chim., 1904, 28, 47), affords an excellent illustration of the 
effect of the influences previously discussed, namely: 

(a) the loosening influence of meta-directive groupings on ortho- 
and para-substituents ; 

(6) the corresponding effect of ortho-para-directive groups on 
meta-substituents ; 

* Probably bromonitrobenzonitriles are first produced in this reaction. For 


evidence of the mobility of the nitro-group in such compounds, compare the cases of 
osnitrobenzonitrile, m-dinitrobenzene, and other compounds referred to later. 
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(c) steric hindrance to the formation of the initial additive 
compound and to the attack of otherwise mobile groups; 

(d) the negative condition of the benzene nucleus: 

(e) the nature of the substituent to be replaced and of the 
entrant group. It will be observed that, in the following instances, 
nitro-groups attached to a negative nucleus and hydrogen atoms 
alone suffer displacement. Halogen atoms are not affected by 
potassium cyanide. 

The following table shows the more notable of the results 
obtained in this direction, accompanied by references to the above 
summary : 


Nitro- 
compound. 


Cunditions 
employed. 


| 


Influences. 


Product. | 


| 


References 
to literature. 


o- Dinitro - 
benzene. 


p - Dinitro - 
benzene. 


m- Dinitro- 
benzene. 


Dinitrated 
6 - nitro- 
2-ethoxy- 
benzo- 
nitrile. 

1;2:4-Tri- 
nitroben- 
zene. 

4-Chloro- 
1:3-di- 
nitro- 
benzene. 


Alcoholic so- 
lution at 
170°. 

Boiling alco- 
holic solu- 
tion. 

Boiling alco- 
holic solu- 
tion. 


Warm alco- 
holic solu- 
tion. 


Boiling alco- 
holic solu- 
tion. 

Boiling alco- 
holic solu- 
tion. 


No change. 
p-Nitroanisole. | (a) + (d). 


[2-6-Dinitro- | (a) +(d). 
benzonitrile] | 
— 6-nitro- | 
2 - methoxy - 
benzonitrile. *| 

A dinitrile, |(a)+(d)+(d). 
the 6-nitro- | 
group being 
displaced. 


2:4-Dinitroani- | (a) + (d).¢ 
sole. | 


5-Chloro-6- |(a)+(b)+(d) 
nitro-2-| +(e). 
methoxy- | 
benzonitrile. | 


Bruyn and van Geuns, 
Rec. trav, chim., 1904, 
28, 32. 

Bruyn and van Geuns, 
loc. cit. 


3ruyn and van Geuns, 
loc. cit.; other refer- 
ences in this paper. 


van Geuns, quoted by 
Biuyn, Ree. trav. 
chim., 1904, 28, 52. 


Bruyn, Rec. trav. chim., 
1890, 9, 193. 


| van Heteren, Pec. trav. 


chim., 1901, 20, 107 ; 
Blanksma, ibid. , 1902, 
21, 424. 


* The cyanogen group renders a nitro-group in the ortho-position mobile 


(influences (a) + (d)). 


Thus o- and p-nitrobenzonitriles, when boiled with a solution 


of sodium methoxide, are converted into o- and g-methoxybenzonitriles (Ringer, 
Rec. trav. chim., 1899, 18, 330; Reinders and Ringer, ibid., 326). Lulofs showed 
that some o-nitroanisole is also produced in the former case (Rec. trav. chim., 1901, 
20, 321). Further, Lobry de Bruyn showed that 2-methoxy-6-nitrobenzonitrile was 
converted into 2 : 6-dimethoxybenzonitrile by methyl-alcoholic potassium hydroxide 
(Ree. trav. chim., 1883, 2, 205). 

t The 1-nitro-group diminishes the mobility of the 3-hydrogen atom, and thus 
prevents the reaction from following a similar course to that observed in the case of 
m-dinitrobenzene, The influence of the chlorine atom and the amino-group in the 
cases next quoted is, however, in favour of such a result. ‘his influence of the 
chlorine atom is clearly responsible for the partial conversion of 5-chloro- 
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Nitro- 
compound. 


Conditions 
employed. 


Product. 


Influences. 


References 
to literature. 


2:4-Dinitro- 
aniline. 


Alcoholic so- 
lution at 
60°. 

2:4:6-Tri- 


nitrophe- tion at 35° 


Aqueous solu- 


2: 6- Dinitro-3- 
aminophenol. 


Potassium iso- 
purpurate. * 


(a) + (0) + («) 
+(¢). 


(a) +(0) +(e) 
+(2) 


Lippmann and Fileiss- 
ner, Monatsh., 1885, 
6, 807 ; 1886, 7, 95. 

Nietzki and Petri, Ber., 
1900, 33, 1788; 


nol. (Nietzki 


3orsche, Ber., 1900, 
and Petri). 


838, 2718, 2995; 
Borsche and Locatelli, 
Ber., 1902, 35, 569; 
Borsche and Bicker, 
Ber., 1903, 36, 4357 ; 
Bruyn, ec. trav. 
chim., 1904, 28, 56. 

Blanksma, Rec. trav. 
chim., 1901, 20, 411, 
423. 


Di- and tri- 
nitrome- 
sitylenes. 


No change. 


1: 3-dinitrobenzene into 3-chloro-5-nitroanisole by the action of sodium methoxide, 
whilst 1 : 3-dinitrobenzene is simply reduced (Kock, Rec. trav. chim., 1901, 20, 111 ; 
Steger, ibid., 1899, 18, 13). 

* The authorities quoted agree that isopurpuric acid contains cyanogen groups in 
the 3- and 5-positious, but differ in regard to the fate of the 2- and 6-nitro-groups. 
According to Nietzki and Petri, one of them is converted into an amino-group, whilst 
Borsche suggests that the reduction only reaches the stage of a hydroxylamino- 
group. Lobry de Bruyn considers that the colour of the compound would be 
better explaiued by the presence of a nitroso- and a hydroxylamino-group in place 
of the two nitro-groups. The question as to the extent to which the nitro-groups 
suffer reduction has, however, no bearing on the present discussion. 


Two points in connexion with the above table call for explana- 
tion. No attempt is made to explain the introduction at one time 
of a cyanogen group, at another of an alkyloxy-group, as a result 
of the action of potassium cyanide. This problem, which lies out- 
side the scope of the present discussion, was considered by Lobry 
de Bruyn, who, however, was unable to arrive at any very definite 
conclusion (fec. trav. chim., 1904, 23, 47). Also, the term 
“influences” at the head of one column of the table is only meant 
to comprehend those which would appear to play a decisive part 
in determining the final result. 
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EXPERIMENTAL. 
| With Raymonp Curt1s.] 


5 :7-Dinitro-3-keto-1 :3-dihydroindazole, 
NH-NH 


An alcoholic solution of hydrazine hydrate (6 grams) was 
cautiously added to a solution of methyl 2-chloro-3: 5-dinitro- 
benzoate (10 grams) in warm alcohol (100 c.c.). Each addition 
caused a vigorous reaction, which became violent if the initial 
temperature was too high, and a dark red hydrazine salt was © 
immediately precipitated. After dilute hydrochloric acid had been 
added to the mixture, the free indazole derivative was collected, 
and purified by crystallisation from glacial acetic acid. It 
separated from the solution in yellow, hexagonal plates, melting and 
decomposing at about 300°: 

0°1900 gave 0°2596 CO, and 0°0368 H,O. C=37°26; H=2°15. 

01736 ,, 382c.c. Ns at 17° and 734 mm. N=25°06. 

C;H,O;N, requires C=37'50; H=1'78; N=25°00 per cent. 

The compound was not appreciably soluble in cold alcohol, water, 
benzene, or chloroform ; it was fairly soluble in boiling alcohol, and 
readily so in glacial acetic acid or acetic anhydride. 

The disodium salt was prepared by triturating 5: 7-dinitro-3- 
keto-1: 3-dihydroindazole (2 grams) with 5N-sodium hydroxide 
solution (7 c.c.). After the addition of absolute alcohol (5—10 c.c.) 
to the resulting deep brown paste, the salt was collected and 
washed with absolute alcohol until the washings were free from 
alkali. For analysis two different specimens were prepared, the 
second by the use of a considerable excess of sodium hydroxide 
solution ; although the products were dried at 130°, the sait still 
retained two molecular proportions of water : 

0°1288 gave 0°0603 Na,SO,. Na=15°17. 

0°2938 ,, 0°1380 Na.SO,. Na=15°22. 

0°134 required 9°2 c.c. V/10-H,SO,. M.W.=291.* 

C,H,O;N,Na,.,2H,O requires Na=15'13 per cent.; M.W.=304. 

The salt exploded when heated, and this prevented determina- 
tions of its other elements being made. It was readily soluble in 


* The salt itself served as indicator in the titration. Owing to the difficulty in 
determining the exact end-point, no claim can be made for great accuracy in the 
result, 


” 
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water, soluble in alcohol or acetone, but insoluble in benzene or 
chloroform. By treating its aqueous solution with suitable re- 
agents, a reddish ferric salt, an insoluble dark brown silver salt, 
and a moderately soluble dark brown copper salt were obtained. 

The monoacetyl derivative separated in greenish-yellow crystals 
on cooling the solution obtained by boiling the compound (2 grams) 
with acetic anhydride (5 grams) for eight hours. It crystallised 
from glacial acetic acid in rectangular prisms, melting at 
195—200° : 

0°1701 gave 0°2548 CO, and 0°0340 H,O. C=40°85; H=2°22. 

0°1548 ,, 286 c.c. N, at 18° and 741 mm. N=21°2. 

C,H,O,N, requires C=40°60; H=2°25; N=21'05 per cent. 

The solubility relationships of the acetyl derivative corresponded 
with those of the parent substance. It was soluble in alkali, form- 
ing a deep red solution. 

All attempts to prepare a diacetyl derivative were fruitless, the 
monoacetyl derivative being produced in every case. 


5: 7-Diamino-3-keto-1 : 3-dihydroindazole. 
NH-NH 


The dinitro-derivative (4 grams) was added to a solution of 
stannous chloride in glacial acetic acid (80 grams), saturated with 
hydrogen chloride. After twelve hours, the reduction product was 
isolated from the precipitate by treatment with hydrogen sulphide 
in the usual manner. It was analysed in the form of its ovalate, 
which was precipitated when ammonium oxalate was added to an 
aqueous solution of the hydrochloride of the base: 

0°1062 gave 20°8 c.c. N, at 18° and 740 mm. N=21°95. 

C,H,ON,,C,H,O, requires N = 22°20 per cent. 


5: 7-Dinitro-3-keto-2-phenyl-1 : 3-dihydroindazole, 
NH-NPh 


An alcoholic solution of phenylhydrazine (12 grams) was slowly 
added to a warm solution of methyl 2-chloro-3 : 5-dinitrobenzoate 
(10 grams) in alcohol (100 c.c.). After the mixture had been 
heated on the water-bath for fifteen minutes, it was worked up as 


VOL. CV. 8 Q 
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in the previous case. The product consisted of two compounds, 
one of which was extracted by boiling alcohol. The residue 
(90—95 per cent. of the yield) crystallised from glacial acetic acid 
in flat needles, which melted and decomposed between 220° and 
250°: 
0°1814 gave 0°3464 CO, and 0°0477 H,O. C=52°08; H=2°91. 
01552 ,, 25°2 c.c. Ny at 165° and 740 mm. N=18°'72. 
C,,H,O;N, requires C=52°00; H=2°66; N=18°66 per cent. 
The compound was therefore either the 1- or the 2-phenyl deriv- 
ative of 5: 7-dinitro-3-keto-1: 3-dihydroindazole. It was only 
sparingly soluble in boiling alcohol, benzene, or chloroform. It 
was moderately soluble in glacial acetic acid and in epichlorohydrin. 
The nonosodium salt was obtained as an amorphous powder in 
the manner already described in the case of dinitroketodihydro- 
indazole, and exhibited a similar tendency to explode when heated. 
It was readily soluble in water, soluble in alcohol or acetone, but 
insoluble in chloroform or benzene: 


0°2162 gave 0°0491 Na,SO,. Na=7°35. 
0°1610 required 5°0 c.c. V/10-H,SO,. M.W.=322. 
C,;H,0;N,Na requires Na=7'1 per cent.; M.W.=322. 


By double decomposition with its aqueous solution, an insoluble, 


deep red silver salt, and a moderately soluble, brown copper salt 
were obtained. The compound is insufficiently acidic to permit of 
the formation of a ferric salt. 

Attempts to prepare an acetyl derivative by various methods 
were unsuccessful, the original compound being recovered in each 
case. A colourless substance separated from the solution obtained 
by adding sulphuric acid to a mixture of the compound with acetic 
anhydride, but it decomposed and turned yellow immediately it 
came in contact with the moisture of the atmosphere. 

As explained in the introduction, these reactions agree with the 
behaviour of picramide, and it is therefore considered that the 
compound is a 2-phenyl derivative. This conclusion is in harmony 
with the results of E. Fischer (Annalen, 1878, 190, 67), who 
showed that the condensation of picryl chloride with phenyl- 
hydrazine results in the formation of trinitrohydrazobenzene. It 
appears that other products may result under slightly different con- 
ditions (Willgerodt and Ferko, J. pr. Chem., 1888, |ii], 37, 346; 
Fischer, Annalen, 1889, 258, 1), and Fischer himself showed that 
a mixture of symmetrical and unsymmetrical derivatives is pro- 
duced by the action of alkyl bromides on phenylhydrazine (com- 
pare also Michaelis and Schmidt, Ber., 1887, 20, 43). These facts 
may throw some light on the formation in the present case of a 
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second compound, which was deposited from the above-mentioned 
alcoholic solution in yellow, rhomboidal plates. After repeated 
crystallisation from alcohol, the compound melted at 175°: 

0°1420 gave 0°2897 CO, and 0°0502 H,O. C=55°64; H=3'93. 

071450 ,, 25°6 cc. N, at 16° and 737 mm. N=20°51. 

C,9H,,0;N, requires C=55°89; H=3°92; N=20°60 per cent. 

The compound therefore resulted from the condensation of one 
molecular proportion of the ester with two of phenylhydrazine: 

C,H,(NO,),Cl*CO,Me + 2C,H,-NH:-NH, —> 

HCl + MeOH + C,H,(NO,)o°C),H,,ON,. 

We were unable to oxidise it with mercuric oxide, to condense it 
with aldehydes, to convert it into the indazole derivative produced 
simultaneously with it, or to prepare it from 2: 4-dinitro-6-carbo- 
methoxyhydrazobenzene. Unless steric influences be assumed, this 
evidence is at variance with the possible formule XXII and 
XXIII, whilst formula XXIV, representing the product of the 
semidine inversion of XXIII, is rendered improbable by the fact 
that the compound in question may be isolated without the aid of 
acid by removing the phenylhydrazine salt of dinitroketophenyl- 
dihydroindazole by solution in cold alcohol : 

NPh:NH, NH-NHPh 


O.N/ ‘\cO-NH-NHPh 0,N// NCO-NH-NHPh 


No, 
(XXIL) 


U.N/ \CO-NH-NHP 
| 


2 :4-Dinitro-6-carbomethoxyhydrazobenzene, 
CO,Me 
ONC NE-NH-CH 
NO, 

After phenylhydrazine (8 grams) had been added to a solution 
of methyl~ 2-chloro-3: 5-dinitrobenzoate (10 grams) in alcohol 
(100 c.c.), the mixture was heated to the boiling point, and then 
cooled. The precipitate thus obtained was warmed with alcohol, 
and, after filtration, the solution deposited orange crystals of the 
hydrazo-derivative. After further crystallisation from warm 
alcohol, it melted at 144—145°: 

8 Q 2 
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0°1634 gave 0°3016 CO, and 0°0523 H,O. C=50°45; H=3'55. 
0°1430 ,, 21°7 cc. Ny at 20° and 732 mm. N=17'11. 
C,,H,,0,N, requires C=50°60; H=3°61; N=16°87 per cent. 

When its alcoholic solution was boiled for a few minutes, internal 
condensation took place, and the corresponding dihydroindazole 
derivative was precipitated. The same product was obtained when 
attempts were made to condense the hydrazo-derivative with 
phenylhydrazine or benzaldehyde. 


s-2:4:2!:4!-Tetranitro-6 : 6/-dicarbomethoxytetraphenyl- 
NO, NO, 
4 \NPhNPLS 
hydrazine, O,N EP cui NPh py 
CO,Me CO,Me 

An alcoholic solution of hydrazobenzene (2 grams) was heated 
with a solution of methyl 2-chloro-3: 5-dinitrobenzoate (6 grams) 
in alcohol (60 c.c.) on the water-bath for one hour. The brick-red 
precipitate, after filtration and crystallisation from nitrobenzene, 
melted at above 340°: 

0°1777 gave 0°3480 CO, and 0°0526 H,O. C=53'40; H=3°29. 

01918 ,, 21°6 cc. Nz at 20° and 747 mm. N=12°94. 

CysHO;.N, requires C=53'16; H=3'16; N=13'29 per cent. 

It was insoluble in alkalis, and in most organic solvents except 
nitrobenzene and epichlorohydrin. Attempts to hydrolyse the com- 
pound with acid or with alkali were unsuccessful. 

If the constitution assigned to the phenylindazole derivative, 
already described, is accepted, it is remarkable that the second 
phenylamino-group of hydrazobenzene reacts with a second mole- 
cule of ester rather than with the carbomethoxyl group of the first 
molecule, and it might be suggested that this is evidence in favour 
of the alternative constitution. On the other hand, however, it 
may be argued that the velocity of reaction in the present case is 
much slower than when phenylhydrazine is used, and that this is 
due to the greater facility with which the ester condenses with the 
amino-group of phenylhydrazine. 

N—NH 
I 
O,N/ ‘=o 


3-Chlofo-5 : 7-dinitroindazole, 


No, 


5: 7-Dinitro-3-keto-1: 3-dihydroindazole (5 grams) was heated 
with phosphoryl chloride (35 grams) for four hours under pressure 
at 120—140°. After the excess of phosphoryl chloride had been 
removed by warming the product under diminished pressure, the 


way 
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residue was stirred with water, collected, and repeatedly crystal- 
lised from glacial acetic acid. In this way, yellow needles 
(3 grams) were obtained, which melted at 179—180°: 

0°1994 gave 0°2508 CO, and 0°0197 H,O. C=34:30; H=1:09. 

0°2020 ,, 40°6 cc. Ny at 18° and 752 mm. N=23°39. 

0°3615 ,, 02112 AgCl. Cl=14°46. 

C,H,0,N,Cl requires C=34°66; H=1'19; N=23:09; Cl=14'64. 


per cent. 
N—NH 
JN™| 
3:5: 7-Trichloroindazole, a Cel 
i 
Cl 


5: 7-Dinitro-3-keto-1: 3-dihydroindazole was heated under 
pressure with 10 parts by weight of phosphoryl chloride for ten 
hours at 160—180°. The preduct was isolated in the same manner 
as in the previous preparation, and separated from glacial acetic 
acid in microscopic, white twinned needles, which melted at 
190—190°5°: 

0°1085 gave 11°8 c.c. N, at 18° and 740 mm. N=12°47. 

C,H,N,Cl, requires N=12°64 per cent. 
N—NPh 
AY 
OF oct 
bd 
NO, 

After a sealed tube containing a mixture of 5: 7-dinitro-3-keto- 
2-phenyl-1 : 3-dihydroindazole (3 grams) and phosphoryl chloride 
(24 grams) had been heated for four hours at 120—140°, and 
cooled, it was found that the above chloroindazole derivative had 
crystallised. After separation from the liquor, and recrystallisa- 
tion from glacial acetic acid, somewhat indefinite small, greenish- 
yellow needles were obtained : 

0°2000 gave 30°7 c.c. No at 17° and 725 mm. N=17°3. 

C,3H,0,N,Cl requires N=17°6 per cent. 


3-Chloro-5 : T-dinttro-2-phenylindazole, 


N—NPh 
a’ oor 
3: 5: 7-Trichloro-2-phenylindazole, ~| | ‘ 
Cl 


5 : 7-Dinitro-3-keto-l-phenyl-1 : 3-dihydroindazole (5 grams) was 
heated with phosphoryl chloride (40 grams) for fourteen hours 
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under pressure at 160—170°. The product, isolated in the same 
manner as in the previous cases, separated from glacial acetic acid 
in silky, yellow needles, which melted at 208—210°: 
0°1779 gave 13°8 c.c. N, at 18°5° and 754mm. N=9°06. 
0°3783 = ,, 0°5429 AgCl. Cl=35°53. 
C,3;H,N,Cl, requires N=9°41; Cl=35°79 per cent. 


Action of Phosphoryl Chloride on s-2: 4: 2': 4!-Tetranitro-6 : 6/- 
dicarbomethoxytetraphenylhydrazine. 


A mixture of the hydrazine derivative (3 grams) with phosphoryl 
chloride (40 grams) was heated for ten hours under pressure at 
170—180°. The product of the reaction could not be crystallised 
from the ordinary solvents, and was therefore purified by digestion 
with sodium hydroxide solution and reprecipitation from the 
filtered solution : 

0°1815 gave 0°3572 CO, and 0°0436 H,O. C=53°67; H=2°66. 

071672 ,, 11°0c.c. N, at 20° and 731 mm. N=7'4. 

C.gH,.OsN,Cl, requires C=53'51; H=2°74; N=9°'90 per cent. 

C5gH,,0,N.Cl, »  C=55'51; H=2°84; N=4°99 ,, ,, 

The product was therefore a mixture of two acids, derived from 
the original ester by hydrolysis and replacement of respectively 
two and four of its nitro-groups by chlorine. The incomplete 
nature of the reaction was probably due to the high molecular 
weight and sparing solubility of the hydrazine derivative. 

This result is of value, since it shows that the pyrazole ring was 
not the predisposing cause of the mobility of the nitro-groups in 
the previous instances, although this mobility is specially notice- 
able in the naphthalene series (see the introduction), and Fries 
has shown (Annalen, 1912, 389, 313) that 6-hydroxyindazole is 
comparable in its reactions with 8-naphthol. 


Tue UNIVERSITY, 
SHEFFIELD. 


CCLV.—The Alkaloids of Quebracho Bark. Part I. 
The Constitution of Aspidospermine. 


By Artuur James Ewins. 


ASPIDOSPERMINE, C,.H,,0,N>, is the most readily obtained of the 
alkaloids of quebracho bark. It was first isolated by Fraude (Ber., 
1878, 11, 2189) from the bark of Aspidosperma Quebracho, the 
“ quebracho blanco” of the Argentine, where it at one time found 
employment in the treatment of fever. A further investigation of 
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the alkaloids of this bark was carried out by Hesse (Annalen, 1882, 
211, 249), who claimed to have isolated no less than six different, 
but closely related bases. Of these, however, only two, namely, 
aspidospermine and quebrachine, may be said to have been well 
characterised, and of these the latter has recently been shown to 
be identical with yohimbine (Fourneau and Page, Bull. Sci. 
Pharmacol., 1914, 21, 7).* According to Hesse, quebrachine only 
occurs in some specimens of the bark, and in those examined by the 
present author, at most only traces of this alkaloid have been 
found. The present paper is concerned mainly with some results 
obtained in experiments on the constitution of aspidospermine. At 
the same time the author has not so far been able to confirm the 
existence of the various bases described by Hesse with the exception 
of aspidospermine and quebrachine. Further, Hesse employed 
warm dilute sulphuric acid for the extraction of the alkaloids from 
the bark, and under these conditions, as is shown by the experi- 
ments recorded in this paper, aspidospermine is hydrolysed, giving 
rise to a new base, the properties of which make it appear possible 
that the bases aspidosamine and hypoquebrachine described by 
Hesse may have been impure forms of this decomposition product 
of aspidospermine. 

It may be mentioned, however, that in the course of the present 
work two new well-defined crystalline alkaloids were obtained in 
small quantity. One, characterised by its sparing solubility in 
chloroform and by its failure to give colour reactions with oxidising 
agents, crystallised from ethyl acetate in well-formed octahedra 
melting at 176—177°. The other is very sparingly soluble in 
ether, and crystallised from light petroleum in stout prisms melting 
at 149—150°. The latter base gives colour reactions which 
resemble those given by the base obtained by the hydrolysis of 
aspidospermine, but are less intense. It is hoped that these bases 
may form the subject of a future investigation. 

Aspidospermine is a feeble base, which does not yield crystalline 


* By fractional precipitation of a portion of the crude alkaloid as tartrate a 
small quantity of a crystalline salt was obtained from which a crystalline base 
melting at 225—226° was isolated. This base corresponded in general with that 
described by Hesse as quebrachine, and the recent statement by Fourneau and Page 
(Joc. cit.), that the latter base is identical with yohimbine, was confirmed by the 
following observations. A specimen of yohimbine (for which I am indebted to 
Dr. G. Barger) melted at 226°, and a mixture of equal parts of the two bases melted 
at the same temperature. Both bases melt to a red liquid and sublime at 
200—210°/5 or 6 mm., forming clusters of prismatic needles. Further, Barger and 
Miss Field have found (private communication) that yohimbine gives a character- 
istic sulphonic acid derivative. The formation of this acid from the base 
(quebrachine) mentioned above was carried out, and its identity with that obtained 
from yohimbine readily established. 
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salts. It is levorotatory. It does not react with methyl iodide 
except after prolonged heating at 100°, and then yields a mixture 
of products which have riot yet been investigated. Aspidospermine 
contains one methoxyl group, and does not contain an N-methyl 
group, but has an acetyl group attached to one nitrogen atom. 
This is shown by the following facts. 

The hydriodic acid solution obtained after treating aspidosper- 
mine according to Zeisel’s method yielded a new base, aspido- 
sine, CyyHogON,. This base therefore differed in composition from 
aspidospermine by the complex C,;H,O, of which the hydrolysis of 
one methoxyl group accounts for CH,. The residual C,H,O pointed 
to the presence, in aspidospermine, of an acetyl group, which, 
from the constitution of the base, must be attached to a nitrogen 
atom. The presence of an acetyl group was confirmed by the 
following results. 

Aspidospermine on hydrolysis with boiling dilute hydrochloric 
acid gives a new crystalline base, deacetylaspidospermine, 
C.9H.,ON,, which is readily reconverted into aspidospermine on 
acetylation. The new base on boiling with concentrated hydriodic 
acid (D 1°7) as would be expected yields aspidosine, the relation- 
ship of these bases being shown as follows: 


Aspidospermine, C,H ,0.,N, 
%, 


Deacetylaspidospermine, C,,H,,ON, aa Aspidosine, C,,H.,ON, 


A 
Y 


Nitronitrosodeacetylaspidospermine, Cy)>H,.0,N,. 


Deacetylaspidospermine forms a characteristic, sparingly soluble, 
crystalline dihydriodide; the corresponding hydrochloride and 
hydrobromide are very readily soluble, and have not been obtained 
crystalline. It combines with methyl iodide, forming a crystalline 
derivative having the composition C,)H,,ON,,2CH;I. It yields a 
monoacetyl derivative (aspidospermine) and a crystalline mono- 
benzoyl derivative. It reacts with nitrous acid, and under suitable 
conditions yields a crystalline derivative, which appears to be a 
nitronitroso-compound. Deacetylaspidospermine thus appears to be 
a secondary tertiary base. The formation of a nitronitroso-deriv- 
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ative, together with the colour reactions of the base, probably 
indicate the presence in the molecule of a reduced quinoline 
nucleus. On boiling with hydriodic acid, nitronitrosodeacetyl- 
aspidospermine yields aspidosine. Deacetylaspidospermine is 
optically active, but of opposite sign (dextrorotatory) to that of 
aspidospermine. 

A spdosine is a crystalline levorotatory base, which, like deacetyl- 
aspidospermine, gives a characteristic, sparingly soluble, crystalline 
hydriodide of the composition C;,H,,ON,,HI. It is less basic than 
deacetylaspidospermine, probably owing to the presence of a 
phenolic hydroxyl group. Probably also for this reason the base 
is somewhat unstable in solution. 

On oxidation with chromic acid, aspidospermine yields a new 
crystalline base, which forms a sparingly soluble hydrochloride. 
Owing to want of material the base has not yet been fully investi- 
gated. It gives none of the colour reactions characteristic of 
aspidospermine and its immediate derivatives. 


EXPERIMENTAL. 
Preparation of Aspidospermine. 


The finely ground bark was completely extracted with hot alcohol 
(about 95 per cent.), and the alcohol removed by distillation. The 
dark-coloured, viscous residue was extracted with a 20 per cent. 
solution of acetic acid until the extracts gave only very feeble 
alkaloidal reactions. The extract was diluted, which caused the 
precipitation of a certain amount of resin, and, without filtration, 
treated with a saturated aqueous solution of normal lead acetate, 
until the filtrate no longer gave a precipitate either on dilution or 
on addition of lead acetate. The precipitate was collected, the lead 
removed from the filtrate as sulphide, and the solution made 
alkaline with ammonium hydroxide. A voluminous precipitate was 
produced, which was collected and dried. The filtrate still con- 
tained some alkaloid in solution, which was readily removed by 
extraction with chloroform. The residue obtained on distilling off 
the chloroform was added to the crude alkaloid first precipitated. 

The mixture of bases so obtained was dissolved in a small amount 
of absolute alcohol, and on keeping, aspidospermine crystallised out. 
This was collected and purified by recrystallisation from methyl 
alcohol, or, for analysis, by sublimation in a vacuum. 

According to Hesse (loc. cit.) quebrachine if present crystallises 
with aspidospermine under conditions similar to those described 
above. In the present investigation, however, quebrachine was 
never found to be present. 

The alcoholic mother liquors still contained a very considerable 
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amount of crude alkaloid. Attempts have been made to work out 
a satisfactory method of separation of the bases present in this 
material, but so far without very much success, Evidence has been 
obtained, however, of the presence of at least two hitherto un- 
described crystalline bases, but the amounts so far obtained were 
too small to permit of further investigation. 

The separation of aspidospermine from the crude alkaloids by 
the method described above is by no means sharp. As already 
stated, however, aspidospermine on hydrolysis with dilute mineral 
acids gives a new base, deacetylaspidospermine, which can be 
distilled under greatly diminished pressure, and is very readily 
soluble in light petroleum. 

The crude alkaloids obtained from the alcoholic mother liquors 
after separation of aspidospermine were therefore boiled with 10 per 
cent. hydrochloric acid for two hours. The solution was then 
filtered and the filtrate made alkaline with ammonium hydroxide. 
The precipitated bases were collected and dried, and both the dried 
material and the alkaline filtrate then completely extracted with 
light petroleum. 

The extracts were combined, the solvent removed by distillation, 
and the residue distilled under 1—2 mm. pressure. The distillate, 
which collected between 210° and 220°, was dissolved in hot dilute 
acetone, and on cooling crystals of almost pure deacetylaspidosper- 
mine melting at 109° were obtained. The increased amount of base 
isolated by this procedure corresponded in some instances with as 
much as 40 per cent. of the amount of aspidospermine originally 
obtained. 

The amount of aspidospermine present in quebracho bark appears 
to vary considerably. From one batch of bark (50 kilos.) a yield 
of only 0°06 per cent, of aspidospermine was obtained, although 
from smaller batches yields up to 0°2 per cent. were obtained. The 
total alkaloid of the bark varies considerably with age. According 
to Hessé (Joc. cit.), the young bark contains up to 1°4 per cent. of 
alkaloid, whilst old bark may contain as little as 0°3 per cent. 

Aspidospermine, Co2HgO,N2, crystallises from alcohol or light 
petroleum in needles melting at 208°. It sublimes under dimin- 
ished pressure at about 180°, and can be distilled under 1—2 mm. 
pressure at about 220°. It is fairly readily soluble in most organic 
solvents, but almost insoluble in water. It is precipitated by alkalis 
from acid solution as a white, amorphous solid, which becomes 
crystalline after keeping for a few minutes. Aspidospermine is 
only feebly basic, and does not form crystalline salts. It dissolves 
in concentrated sulphuric acid, forming a colourless solution, from 
which it may be recovered unchanged after prolonged keeping. 
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Addition of a crystal of potassium dichromate to this solution gives 
a brown coloration, which becomes olive-green after some time. On 
warming with perchloric acid, aspidospermine gives a rose-red 
colour. 

Aspidospermine is levorotatory. Determinations of its specific 
rotatory power gave the following results: 

(1) in alcoholic solution at 18°, a, —1°79°, c=1°81, J=1 dem.; 

[a], —99°. 
(2) in chloroform solution at 18°, a, —1°68°, c=1°81, J=1 dem.; 
[a], —93°. 

Thé corresponding values obtained by Hesse (loc. cit.) were 
—100°2° and —83°6° respectively. 

The formula C.,Hs,0,No, originally due to Fraude and later con- 
firmed by Hesse, was confirmed by analysis (Found, C=74'2; 
H=86; N=8'3. Cale., C=745; H=84; N=8°0 per cent.), aud 
still further py the constitution of the bases derived from it, 
as will be seen below. 

A determination of the molecular weight by Barger’s microscopic 
method (T., 1904, 85, 286) gave the following result: 

0°056 in 0°549 pyridine=0°25 mole. M.W.=408. 

C,.H0,N, requires M.W. =356. 

A determination of the methoxyl groups present in the base was 
made according to Perkin’s modification of Zeisel’s method : 

0°2131 gave 0°1406 AgIl. OMe=8'7. 

CoH 3,0.N, requires OMe=8'7 per cent. 


Aspidospermine therefore contains one methoxy-group. Further 
heating with hydriodic acid up to 300° or rather higher according 
to Herzig and Meyer’s method showed that the base contained no 
N-methyl group. 


The Action of Boiling Hydriodic Acid on Aspidospermine. 
Formation of a New Base, Aspidosine, CygHgONo. 


It was observed that, after treatment of aspidospermine with 
hydriodic acid for the determination of the methoxyl group, the 
residue which remained after removal of the bulk of the hydriodic 
acid by distillation consisted of needles with a metallic lustre, 
obviously the periodide of a base. The pure base was obtained in 
larger quantity as follows. One gram of aspidospermine was boiled 
for one and a-half hours under reflux with 20 c.c. of hydriodic acid 
(D 1:7). At the end of this time the excess of hydriodic acid was 
removed by distillation under diminished pressure, the residue 
suspended in water and decolorised by sulphur dioxide. The result- 
ing solution was filtered from a small amount of flocculent material, 
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and made alkaline by the addition of ammonia. The white, 
amorphous precipitate rapidly became crystalline, and was then 
collected and dried. The product was almost pure, and weighed 
0°81 gram. 

For purification the base was recrystallised from alcohol or from 
xylene, when it was obtained in well-formed, rectangular prisms or 
plates, which melted at 244—-245° after sintering from about 236°. 
Repeated recrystallisation failed to effect any change of melting 
point : 

0°1260 gave 0°3526 CO, and 0:0994 H,O. C=76'3; H=8'8. 

0°1634 ,, 13°2 ¢.c. N, (moist) at 20° and 763 mm. N=9°3. 

C,)H,ON, requires C=76'5; H=87; N=9'4 per cent. 

Aspidosine is fairly readily soluble in alcohol, ethyl acetate, or 
xylene, very sparingly so in chloroform or light petroleum, and 
almost insoluble in water. Its solutions in organic solvents become 
coloured on keeping, and the base itself was invariably slightly 
coloured. For these reasons accurate determinations of the rotatory 
power of the base could not be made. It is levorotatory, and has 
about [a], —16° in alcoholic solution. In the presence of alkali 
the base gradually dissolves, forming a greenish-blue solution. 

Aspidosine gives very intense colour reactions. It dissolves in 
concentrated sulphuric acid, forming a pale rose-red solution. 
Addition of oxidising agents, such as potassium dichromate, lead 
oxide, or nitrous acid produces a reddish-violet coloration. A drop 
of nitric acid added to a few drops of the sulphuric acid solution 
gives a deep orange-red colour. Crystals of aspidosine moistened 
with ferric chloride are coloured greenish-blue, gradually changing 
to reddish-brown. In dilute acid solution the base gives with ferric 
chloride a reddish-brown colour, which passes through brownish- 
purple to deep red. 

Aspidosine Hydriodide, C,H,,ON,,HI.—This salt was first 
obtained during the preparation of the base described above. If to 
the solution which has been treated with sulphur dioxide, ammonia 
is added drop by drop, a crystalline solid separates even while the 
solution remains distinctly acid. This proved to be the hydriodide 
of aspidosine, the free base being obtained from it on further 
treatment with ammonia. The salt is very sparingly soluble in 
cold, but very readily so in hot water, from which it crystallises 
on cooling in regular octahedra and cubes. Its melting point lies 
above 280°. The salt is anhydrous: 

0°1048 gave 0°0588 AgI. I=30°3. 

C,>H,,ON,,HI requires I=29°8 per cent. 
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The Action of Dilute Hydrochloric Acid on Aspidospermine. 
Formation of Deacetylaspidospermine, Cy>H:,ONo. 


One gram of aspidospermine was heated for three hours at 100° 
with 10 c.c. of 10 per cent. aqueous hydrochloric acid. The result- 
ing solution was rendered alkaline when an amorphous base was 
precipitated, which on keeping for a short time became crystalline. 
It was collected and recrystallised from dilute acetone, when it 
formed long, prismatic needles, melting at 110—111°: 

0°1356 gave 0°3803 CO, and 0°1092 H,O. C=765; H=8'9. 

071464 ,, 11°4 ¢.c. Ny (moist) at 10° and 767 mm. N=9°36. 

0°1862 ,, 0°1362 AgIl. OMe=9°7. 

C,y>H,,ON, requires C=76'9; H=9'0; N=9:°0; OMe=9°9 per cent. 

Deacetylaspidospermine is readily soluble in most organic sol- 
vents, but very sparingly so in water. It distils unchanged at about 
210° under 1—2 mm. pressure. It dissolves in sulphuric acid to a 
colourless solution, which on the addition of a drop of nitric acid 
gives a violet, or of potassium dichromate a deep brownish-purple 
colour. With ferric chloride a magenta colour is produced. With 
weaker oxidising agents, such as mercuric acetate, a rose-red colour 
is obtained, which slowly changes to violet. 

Deacetylaspidospermine is feebly dextrorotatory ; a 2°5 per cent. 
solution in absolute alcohol has [a], + 2°8°. 

Deacetylaspidospermine hydriodide is obtained when deacetyl- 
aspidospermine is dissolved in a small quantity of hot dilute 
hydriodic acid. On cooling the hydriodide separates in stout, 
rectangular prisms, melting at about 243° after sintering from 
235°. The salt is very sparingly soluble in cold, but fairly readily 
so in hot water, or alcohol: 

0°1134 gave 0°0920 AgI. I=43°'8. 

C,,>H,,ON,,2HI requires I=44°7 per cent. 

Benzoyldeacetylaspidospermine is obtained by benzoylating the 
base either by Einhorn’s method in pyridine solution or by heating 
at 100° for one hour with benzoic anhydride. It crystallises from 
dilute alcohol in stout rhombs melting at 186—187°: 

0°1017 gave 0'2904 CO, and 0°0720 H,O. C=77°9; H=7°9. 
0°1246 ,, 75 c.c. Ne (moist) at 19° and 764 mm. N=7°0. 
C.,HgO0.N, requires C=77'9; H=7°7; N=6°7 per cent. 
If deacetylaspidospermine is dissolved in a small quantity of 
methyl iodide, the solution warmed for a few moments and then 
allowed to remain, a crystalline solid separates, which, when re- 
crystallised from methyl alcohol, forms well-defined octahedra 
melting at 176—177°. It has the composition C.,H,,ON,,2CH,I : 
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0°1046 gave 0°0804 AgI. I=41°5. 
C.>H,,ON,,2CH,I requires I=42°6 per cent. 


Formation of Asyidospermine by Acetylation of Deacetyl- 
aspidospermine, 


That deacetylaspidospermine is derived from aspidospermine by 
the removal of an acetyl group is further confirmed by the follow- 
ing experiment, in which aspidospermine was formed by acetylating 
deacetylaspidospermine. 0°2 Gram of deacetylaspidospermine was 
dissolved in 1 c.c. of acetic anhydride, one drop of sulphuric acid 
added and the mixture boiled for one minute. The solution was 
cooled, diluted with water, and rendered alkaline with ammonium 
hydroxide. The precipitated amorphous base was collected and 
crystallised from methyl alcohol. It separated in needles melting 
at 206—207°, and when mixed with an equal weight of aspidc- 
spermine showed no depression of melting point. In all other 
respects also it was identical with aspidospermine, The yield was 
practically quantitative. 


Action of Nitrous Acid on Deacetylasyidospermine: Formation 
of a Nitronitroso-derivative (%). 


If deacetylaspidospermine is dissolved in dilute hydrochloric acid 
and treated with sodium nitrite solution a crystalline solid sepa- 
rates, which melts indefinitely at about 160—170°, and on recrystal- 
lisation from a mixture of pyridine and alcohol gives a product 
melting at 220—230° after sintering from about 200°. The sub- 
stance is obviously a mixture; it contains chlorine, and attempts 
to obtain a pure compound were unsuccessful. If the reaction is 
carried out in the presence of concentrated hydrochloric acid a 
deep magenta solution is obtained, from which no crystalline 
product could be isolated. If, however, the reaction is carried out 
in acetic acid solution a pure substance is obtained. 

0°5 Gram of deacetylaspidospermine was dissolved in 5 c.c. of a 
10 per cent. solution of acetic acid. To the cooled solution satur- 
ated aqueous sodium nitrite solution was added drop by drop until 
the separation of a crystalline solid appeared to be complete. The 
solution was allowed to remain for about an hour, when the crystal- 
line solid was collected, washed with water, and recrystallised from 
dilute acetone, from which it separated in pale yellow prisms, melt- 
ing and decomposing at 155—156°. Recrystallisation from a 
mixture of pyridine and alcohol gave a similar product, having the 


same melting point: 


EWINS: THE ALKALOIDS OF QUEBRACHO BARK. PART I. 2747 


0°1179 gave 0°2668 CO, and 0°0758 H,O. C=61'7; H=7'1. 

01182 ,, 146 c.c. No (moist) at 20° and 753 mm. N=14'1. 

0°1794 ,, 01084 Agl. OMe=8°0. 

Cy9Hg0,N, requires C=62°2; H=6'7; N=14'5; 
OMe=8'0 per cent. 

Analysis of this product gave some trouble, since it was difficult 
without extraordinary precautions to bring about complete reduc- 
tion of the easily liberated nitric oxide. 

The results appear to indicate that the substance is in all proba- 
bility a nitronitrosodeacetylaspidospermine, and its formation 
perhaps points to the presence in the molecule of a reduced quino- 
line nucleus. The substance undergoes decomposition by boiling 
with alcohol, but the isolation of the corresponding nitro-derivative 
has not so far been accomplished. In the presence of acids more 
complex decomposition appears to take place. 

Nitronitrosodeacetylaspidospermine (?) forms pale yellow prisms, 
melting and decomposing at 155—-156°. It is very readily soluble 
in acetone or pyridine, less readily so in alcohol, and very sparingly 
so in water. Its aqueous solution reacts faintly acid. When dis- 
solved in concentrated sulphuric acid or warmed with dilute 
mineral acids a brilliant reddish-purple solution is produced, With 
phenol and sulphuric acid it gives a dark green solution, which on 
dilution becomes deep red. With ferric chloride solution no colour 
is produced. 

Boiling hydriodic acid (D 1°7) converts nitronitrosodeacetyl- 
aspidospermine into aspidosine. 


Oxidation of Aspidospermine with Chromic Acid. 


Two grams of aspidospermine were dissolved in 40 c.c. of dilute 
sulphuric acid (25 per cent. by weight). Three grams of chromic 
acid were gradually added in small quantities to the boiling solu- 
tion, and the mixture was then boiled for five hours. The resulting 
solution was treated with hot saturated barium hydroxide solution 
until distinctly alkaline. The hot solution was filtered under 
pressure, the precipitate repeatedly extracted with boiling water 
until the extracts no longer gave alkaloidal reactions, and the com- 
bined filtrates were completely freed from sulphuric acid and 
barium. The aqueous liquid was then concentrated to small bulk, 
made faintly acid towards Congo-red with hydrochloric acid, and 
further concentrated until crystallisation commenced. The solution 
was set aside, and after some time the crystalline product was 
collected and recrystallised from absolute alcohol. The product 
proved to be the hydrochloride of a base which was set free by 
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ammonia and crystallised from ethyl acetate in stout prisms, melt- 
ing at 192—193°. The base is very sparingly soluble in water, but 
fairly readily so in alcohol, ethyl acetate, or chloroform. It gives 
very marked reactions with alkaloidal reagents, but gives none of 
the colour reactions characteristic of aspidospermine or its deriv- 
atives already described. The yield is only about 5 per cent. of 
the weight of aspidospermine employed, and on this account a full 
investigation of the base has not so far been possible. 

The hydrochloride forms plates which melt at 286—287°, and is 
sparingly soluble in water or in cold alcohol: 

0°0956 gave 0°2104 CO, and 0°0706 H,O. C=60°0; H=8'2. 

071322 ,, 0°0638 AgCl. Cl=11°8. 

C,;H.,0.N,,HCl requires C=59°9; H=83; Cl=11°8 per cent. 

From these results the most probable formula for this base 
would appear to be C,,H.,O.N,, but this cannot be said to be 
established with any degree of certainty at present. 


WELLCOME PaHysIoLocicaAL Research LABORATORIES, 
HERNE Hitt, SE. 


CCLVI.—Some Homologues of Alizarin. 
By Harry Brapsury and CHARLES WEIZMANN. 


BentLey and Weizmann (T., 1908, 93, 435) have shown that when 
hemipinic anhydride condenses with veratrole and with pyrogallol 
trimethyl ether, in the former case the normal benzoylbenzoic acid 
is formed, but in the latter one methoxy-group is displaced by 
hydroxyl, the condensation in both cases being affected by means 
of aluminium chloride. The object of the present work was to 
investigate the condensations of hemipinic anhydride and 
. 4-methoxyphthalic anhydride with o-xylene, and the results were 
quite analogous to those just mentioned, the methoxy-groups being 
also displaced by hydroxyl. 

The condensation of hemipinic anhydride with o-xylene fur- 
nished a dihydroxy-2-xyloylbenzoic acid, which, as it gave two 
dimethylalizarins on heating with sulphuric and boric acids, must 
have the constitution I or IT: 


OH 
eS aye em PF rw, 


| co. | 
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The constitution of one of the two dimethylalizarins (melting at 
the higher temperature) was determined by oxidation with potass- 
ium permanganate in alkaline solution, when pyromellitic acid was 
obtained. This could only have been formed according to the 
scheme : 


OH CO 
on Nite CO,H/ \CO,H. 
Me a CO, 11 IcO,H- 
Fa WA a 


The aimuiae os the other dimethylalizarin must be either 
III or IV, according as the original acid has the constitution I or 
II respectively : 


OH CO OH CO Me 
on YY oH)“ Y/ \Me 
Ng \/ \ Me be el 

CO Me 


(III.) Png 


owing to lack of material it has not yet been possible to decide this. 

The condensation of 4-methoxyphthalic anhydride with o-xylene 
proceeds similarly. Two hydroxyxyloylbenzoic acids were obtained, 
melting respectively at 228° and 184°. The former, on fusion with 
potassium hydroxide, gave m-hydroxybenzoic acid, and when con- 
densed in the usual way gave only one hydroxydimethylanthra- 
quinone, the formation of which points to the acid having the 
constitution V or VI: 


Me 
on" MN / \Me ON YCO,H a 
H Meu 
Fait Ts Pei 
(V.) (VI.) 
and the quinone VII or VIII: 
CUO Me CU 
vH/\“ 7 “Me ou YY" 
M 
ae tn, “Pa peer 
CO CO Me 
(VIL) (VIII) 
EXPERIMENTAL. 


Dihydroxy-2-xyioylbenzoie Acid. 

Ten grams of hemipinic anhydride were dissolved in 50 grams of 
o-xylene, and 15 grams of aluminium chloride gradually added. 
The mixture was then heated on the steam-bath for about six 
VOL, CV. 8 R 
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hours, when it was poured into ice and water and steam passed 
through to remove the excess of o-xylene. When cold the solid was 
collected and purified by solution in ammonia and precipitation 
with hydrochloric acid. The product from which no isomeric acid 
could be obtained crystallised from acetic acid in small needles 
melting at 238°: 
0°1242 gave 0°3039 CO, and 0°0522 H,O. C=66'78; H=4'65. 
C;,H,,0, requires C=67:13; H=4°90 per cent. 


Dimethylalizarins, 


The above acid was heated with sulphuric acid together with a 
small amount of anhydrous boric acid for a short time at 130°, 
and the liquid after cooling was poured into ice and water, when 
the dimethylalizarins separated as an orange-yellow powder. These 
were separated by making use of their solubility in acetic acid. 
The dimethylalizarin melting at 198° was readily soluble, whereas 
that melting at 276° was spaiingly soluble; each crystallised in 
orange-yellow needles, and resembled ordinary alizarin in its pro- 
perties. The compounds readily dissolved in sodium hydroxide to 
a deep purple solution, which dyed mordanted cotton, different 
shades being cbtained according to the mordant used. 

The substance melting at 276° was analysed : 

00682 gave 0°1780 CO, and 0°0266 H,O. C=71:26; H=4°33. 

C,,H,,0, requires C=71°64; H=4°47 per cent. 

The dimethylalizarin melting at 276° was oxidised with potass- 
ium permanganate in alkaline solution, and after removal of the 
excess of permanganate the filtered liquid was evaporated to 
dryness and the residue extracted with alcohol. On evaporation 
of the filtered extract and acidifying, pyromellitic acid was 
obtained. 

Hydroxy-2-xyloylbenzoie Acids. 


The condensation of 4-methoxyphthalic anhydride and o-xylene 
was carried out in an exactly similar manner to that employed in 
the preparation of the dihydroxy-2-xyloylbenzoic acids. The 
product, after being purified by dissolving in ammonia and precipi- 
tation by hydrochloric acid, was boiled with benzene. Very little 
appeared fo pass into solution, and the residue after filtration 
apparently consisted of only one acid. This was crystallised from 
acetic acid, in which it was fairly readily soluble, and the solution 
on concentration deposited small crystals melting at 228°. The 
fusion of this acid with potassium hydroxide was carried out as 
follows: Five grams were gradually added to 15 grams of fused 
potassium hydroxide, and the mixture was heated at 270—280° 
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for three hours. The cooled mass was dissolved in boiling water, 
and the solution acidified with dilute sulphuric acid. On cooling 
an acid crystallised out, and which, when recrystallised from hot 
water, melted at 200° and was identified as m-hydroxybenzoic acid. 
The filtrate from the above acid was extracted several times with 
ether, and after evaporating the ether a residue remained, but 
the dimethylbenzoic acid has not yet been isolated in a pure 
condition. 

The benzene solution mentioned above was evaporated to a 
small bulk, and crystals were obtained which, after further crystal- 
lisation from benzene, melted at 184°. The amount, however, was 
only an exceedingly small proportion of the total yield of acid. 


Hydroxydimethylanthraquinone. 


The acid melting at 228° was heated with sulphuric and boric 
acids, and on pouring the mixture into water a pale green powder 
was obtained. This was collected and crystallised twice from 
acetic acid, yielding small, pale green needles, melting at 210°. 
No other quinone was detected in the product: 

0°1462 gave 0°4066 CO, and 0°0630 H,O. C=75°86; H=4°78. 

C,,H,,0, requires C=76°19; H=4°77 per cent. 


Preparation of 4-Methoxryphthalic Acid. 


In the first experiments 4-methoxyphthalic acid was prepared by 
Bentley and Weizmann’s method (/oc. cit.). This was found, 
however, to give a comparatively poor yield, and the following 
process was devised. 4-Hydroxyphthalic acid (1 mol.) was dissolved 
in xylene, and methyl sulphate (4 mols.) and anhydrous potassium 
carbonate (4 mols.) were added in this order. The mixture was 
then heated in an oil-bath for three hours at 135—140°, and 
agitated. Water was added to the cooled product, and the xylene 
layer separated from the aqueous portion. The latter was extracted 
several times with ether, and the ethereal extract added to the 
xylene layer. The ether was removed by distillation and the xylene 
by means of a current of steam. The oil remaining was dissolved 
in ether, the solution dried and evaporated, and the residue 
distilled under diminished pressure. The yield of methyl 4- 
methoxyphthalate varied from 80 to 90 per cent., depending on the 
duration of the passage of steam in which it is slightly volatile. 

The ester was hydrolysed in the usual way by means of a solution 
of potassium hydroxide in alcohol, and. the acid converted into 
the anhydride. 
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CCLVII.—The Dissociation Pressures of the Alkali 
Bicarbonates. Part II. Potassium, Rubidium, 
and Caesium Hydrogen Carbonates. 


By Rosert Martin Caven and Henry Jutius Satomon Sanp. 


In a former paper (T., 1911, 99, 1359) we recorded the results of 
our study of the thermal dissociation of sodium hydrogen carbon- 
ate, and showed that sodium carbonate monohydrate was not 
formed from the bicarbonate within the temperature limits of our 
experiments. It was stated, however, by Hermann (J. pr. Chem., 
1842, 26, 312) that the sesquicarbonate, Na,H,(CO,)3,3H,O, 
results when the hydrogen carbonate is heated to 200°. The 
formation of the sesquicarbonate from the hydrogen carbonate is 
denied by Lesceur (Ann. Chim. Phys., 1892, [vi], 25, 423), but 
we determined to establish the simpler manner of decomposition 
of the hydrogen carbonate under the conditions of our experiments 
by the direct estimation of the proportion between water vapour 
and carbon dioxide in the gaseous phase. 

For this purpose a glass reservoir of 50 c.c. capacity was joined 
on the one side through a tap to the tube leading from the flask 
containing the heated bicarbonate, and was connected on the other 
side with calcium chloride and soda-lime absorption tubes. The 
reservoir and absorption tubes were exhausted; the former was 
then heated above 100°, and the tap communicating with the 
flask opened so that the gaseous mixture might expand into the 
reservoir without aqueous condensation. After a few seconds the 
tap was closed again, and the water and carbon dioxide now in 
the reservoir were carefully transferred to the absorption tubes. 
It was advantageous to allow some of the water to condense in 
the reservoir, and subsequently to remove it by slow evaporation, 
and an arrangement was made to carry forward the last traces of 
water-vapour and carbon dioxide in a stream of purified air. 

The following results were obtained with sodium hydrogen 
carbonate: 


Temperatures Molecular 
of thermostat, H,0. CO.. ratio H,O: CO,. 
101-5° 0-0118  0-0295 1: 1-02 
101-8° 0:0108  0-0259 1: 0-98 


These results were sufficient to show that water is not retained 
to form the hydrated sesquicarbonate, Na,H,(CO,).,3H,0O, when 
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sodium hydrogen carbonate is heated under the conditions of our 
experiments, although they do not preclude the possibility of com- 
bination between sodium carbonate and sodium hydrogen carbon- 
ate to form an anhydrous intermediate salt such as Na,H,(COs)s. 


Potassium Hydrogen Carbonate. 


It was mentioned in the former paper that Lesceur (Ann. 
Chim. Phys., 1892, [vi], 25, 423*) measured the dissociation 
pressure of sodium hydrogen carbonate, obtaining results much 
lower than those obtained by us. The apparatus employed by 
Lesceeur (A'nn. Chim. Phys., 1889, [vi], 16, 389) differed in prin- 
ciple from ours, and consisted of a barometer tube surrounded by 
a vapour jacket. The substance was contained in a small tube in 
the space above the mercury, and gas could be withdrawn from 
this space by means of a narrow open tube which passed down- 
wards through the mercury. It is noteworthy that the vapour 
pressures of potassium hydrogen carbonate observed by Lescceur 
are slightly higher than ours at the lower temperatures, but 
approach closely to them at 127°, the highest temperature at which 
observations were made by Lesceeur. These results are shown by 
the dotted curve on our diagram. 

In the study of the thermal dissociation of potassium hydrogen 
carbonate the possibility of the formation of a hydrated compound 
of normal carbonate and hydrogen carbonate, or of the retention 
of water by the normal carbonate, had first to be considered. Since 
the temperature of sensible dissociation of potassium hydrogen 
carbonate is considerably higher than that of the sodium salt, the 
formation of intermediate compounds containing water seemed 
a priori less likely than in the case of sodium. The analysis of the 
gaseous phase resulting from the decomposition of potassium 
hydrogen carbonate provided, however, direct evidence that water 
was not retained to form such intermediate compounds. 

Measurements made in the manner described above yielded the 
following results: 


Temperature Molecular 

of thermostat. H,0. CO,. ratio H,O : CO,. 
145° 0:0080 = =0-0253 1: 1-28 
150-2° 0:0089 = 00232 1: 1-07 
151-1° 0-0068 0-0164 1: 0-98 


Thus it is shown that potassium hydrogen carbonate dissociates 
into normal carbonate, carbon dioxide, and water. 


* This reference was wrongly given as Ann. Chim phys., 1893, [vi], 28, 423- 
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The dissociation pressures of potassium hydrogen carbonate were 
measured in the same way as those of sodium hydrogen carbonate, 
and the results obtained are here tabulated, together with those 
calculated from the equation: 

log p=a—b/T, 
where a=10°832 and 6=3420. 

It should be remarked that at 120° and upwards the vapour 
pressure of mercury becomes appreciable, and consequently a cor- 
rection has been applied to the pressure readings for the higher 
temperatures. 


Potassium Hydrogen Carbonate. 


Pressure in mm. of mercury. 


Temperature. Rising. Falling. Calculated. 
151-8° 610-6 604 
156-0 33- 724 
147-8 503: 506 
137-7 314- 320 
127-2 . 193 
119-1 129 
104-6 59-6 

90-2 26-1 
76-3 11-0 
63-7 4:7 
92-5 29-9 
103-5 56-0 
116-4 112 
127-4 195 
138-4 330 
146-3 473 
153-4 647 
155-4 706 


m bo Or bs 
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These experimental values are shown in the figure in relation to 
the calculated curve, together with those of sodium, rubidium, and 
cesium. It may be pointed out that in this case the experimental 
values lie along the calculated curve throughout the whole .range 
of temperature. 


Heat of Dissociation of Potassium Hydrogen Carbonate. 


From the value of the constant ) =3420 the heat of dissociation 
of potassium hydrogen carbonate per gram-molecule of gas pro- 
duced is calculated by means of the equation g=log,102b to be 
15,730 calories, since log, 10=2°30 and R=2. As in the case of 
sodium hydrogen carbonate, the heat of dissociation, xz, of two 
gram-molecules of potassium hydrogen carbonate may be calculated 
from the thermal equation : 


2{KHCO,]=[K,CO,]+ {H,O} + {CO,} —z. 
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The heats of formation from their elements of 1 gram-molecule 
of potassium hydrogen carbonate and potassium carbonate are, 
according to de Forcrand (Compt. rend., 1909, 149, 719), respec- 
tively 231,630 and 275,370 calories, whence, accepting the heats of 
formation of water as steam at 100°, and of carbon dioxide to be 
58,060 and 97,000 calories respectively, «=32,830, instead of 
31,460, as calculated from our results. 


Rubidium and Caesium Hydrogen Carbonates. 


Rubidium and cesium * hydrogen carbonates were prepared from 
the normal carbonates according to de Forcrand’s method (Compt. 
rend., 1909, 149, 719) by exposing concentrated solutions of the 
latter salts to an atmosphere of carbon dioxide in a desiccator 
containing sulphuric acid. In some earlier experiments on the 
dissociation pressure of rubidium hydrogen carbonate a small pro- 
portion of the normal carbonate was mixed with it previous to its 
introduction into the reaction flask, but, owing to the very hygro- 
scopic nature of the latter salt, it was judged better to produce an 
amount of it sufficient to secure the satisfactory reversal of the 
reaction by heating the bicarbonate in the reaction flask itself, 
and pumping out the dissociation products. Since it had been 
shown that potassium as well as sodium hydrogen carbonate yields 
as dissociation products equimolecular proportions of water-vapour 
and carbon dioxide, it was at first thought safe to assume that 
rubidium and cesium hydrogen carbonates would behave similarly 
when heated; but, owing to difficulty in interpreting the experi- 
mental results to be recorded below, the composition of the gaseous 
phase was estimated in the case of these salts also. 

The determination of the dissociation pressures of rubidium and 
cesium hydrogen carbonates was carried out in the apparatus 
previcusly employed. Sixteen grams of the rubidium salt were 
heated to about 160°, and gas was repeatedly withdrawn at that 
temperature until successive readings after restoration of pressure 
agreed. In the case of cesium hydrogen carbonate, about 18 grams 
were employed, and the salt was heated to 163° until the pressure 
became constant after successive withdrawals of gas. Retardation 
effects, such as were observed in the case of sodium hydrogen 
carbonate, which necessitated the employment of a much larger 
quantity of the reacting substance, did not occur with either salt. 
Owing, however, to the lengthened heating at high temperatures, 
and the fact that the temperature of the air above the sulphuric 


* Cesium carbonate could not be purchased, but fortunately the amount of this 
salt available was sufficient for our experiments, 
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acid bath was slightly lower than that of the acid in which the 
thermometer and reaction flask were immersed, distillation of 
mercury within the thermometer took place, and consequently the 
readings might be several degrees too low. This difficulty was 
partly overcome by fixing the thermometer so that the top of the 
mercury column was always above the level of the acid, the error 
thus introduced being negligible. When, however, small frag- 
ments of mercury thread appeared in the upper part of the thermo- 
meter, it was necessary to reject the readings. 

The following are the experimental results obtained, together 
with those calculated from the formula log p=a—6/7, where for 
RbHCO;, a=12°712, b=4300, and for CsHCO;, a=16°930, 
b =6300. 


Rubidium Hydrogen Carbonate. 


Pressure in mm. of mercury. 


Temperature. Rising. Falling. Calculated. 


160° 
153-5 
135-3 
120-5 
109-3 
97-3 
91-2 
61-5 
12-7 
106-5 
120-1 
137-3 
146-8 
151-9 
161-0 
170-6 
164-0 
158-4 
151-5 
143-2 
135-2 
121-2 
112-9 
95-8 
15-0 
111-4 
136-5 
147-1 
153-5 
158-6 
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Caesium Hydrogen Carbonate. 


Pressure in mm. of mercury. 
J 


Temperature. Rising. Falling. Calculated. 
163-0° 322-8 — 303 
160-1 267-0 242 
153-1 180-0 140 
142-7 59-6 
133-6 81- 27-3 
116-5 je 5:7 
103-8 28-: 1-6 

89-5 re 0-4 
103-0 28- - 1-5 
117-9 . 6-5 
133-1 . 24-0 
140-0 y 47-4 
151-6 . 124 
158-1 . 207 
169-9 502. , 507 
172-2 . 601 
177-0 . 851 
179-8 29- — 1,038 
178-1 915-1 921 
175-4 755-0 759 
172-7 614-1 624 
166-1 399-8 382 
157-8 241-0 202 
152-4 183-3 132 
144-5 130-6 69-2 
135-3 91-5 31-6 


These results differ in an important way from those obtained 
with potassium hydrogen carbonate. For whilst the experimental 
values lie along the curve throughout its whole length in the case 
of the potassium salt, it is only the pressures above. 158° with 
rubidium hydrogen carbonate, and above 165° with cesium hydro- 
gen carbonate, that agree with the values calculated from the 
formule. 

Discordant pressure values were obtained at the lower tempera- 
tures in the case of sodium hydrogen carbonate, but these were 
shown to be due to retardation, ascending values being too low, 
whilst descending values were too high. Here, however, ascending 
and descending values agree; they therefore appear to indicate a 
true equilibrium. Consequently no single curve of the type 
log p=a—b/T can be drawn to represent the experimental values 
obtained in the dissociation of rubidium and cesium hydrogen 
carbonates, and it became necessary to investigate the cause of the 
anomaly. 

This could best be done by the analysis of the gaseous phase, 
which was consequently éarried out with both these salts, but in 
greater detail with rubidium hydrogen carbonate. About 19 grams 
of this latter salt, pulverised and dried over sulphuric acid in a 
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vacuum desiccator for several days, were heated in the reaction flask 
to 120° for twenty-four hours; the flask was then exhausted, and 
any water vapour that had been evolved was drawn off through a 
calcium chloride tube. The delivery tube was then attached to 
weighed calcium chloride and soda-lime tubes, and the flask was 
heated to 170°. The products evolved at this temperature were 
passed through the absorption tubes by maintaining a reduced 
pressure on the further side until it was judged that sufficient 
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absorption had taken place. The flask was then exhausted, and 
the whole of the water-vapour and carbon dioxide collected in the 
absorption tubes. In two successive experiments 0°0628 and 0°0770 
gram of water and 0°1400 and 0°1835 gram of carbon dioxide were 
collected ; these correspond with the molecular ratios H,O : CO,= 
1: 0°94 and 1: 0°98. Thus it was shown that water-vapour and 
carbon dioxide are evolved in approximately equimolecular pro- 
portions from rubidium hydrogen carbonate at 170°. 

The reaction mixture was then allowed to cool somewhat, and 
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the proportions between the two components of the gaseous phase 
were estimated at temperatures approaching and corresponding 
with those at which anomalous pressure values appear on the disso- 
ciation curve. Owing to the small quantities of gas evolved in 
these experiments it was necessary to allow the absorption to 
continue over lengthened periods of time, amounting at the lower 
temperatures to two days; nevertheless, interesting results were 
obtained under parallel conditions, which are here shown: 


Temperature. H,0. CO... Molecular ratio H.,0 : CO,,. 
145° 0:0197 0-:0507 1: 1-046 
132 0-0147 0-0343 1: +957 
131 0-0053 0-0108 1: +847 
127 0-0087 0-0164 1: -770 
125 0-0180 0-0336 1: -763 


Before a definite interpretation could be given to the undoubted 
deficiency of carbon dioxide or excess of water-vapour in the 
gaseous phase at the lower temperatures it was necessary to know 
the ratio between the amounts of these substances remaining in 
the residue. To discover this ratio a fresh experiment was carried 
out with 1 gram of carefully dried rubidium hydrogen carbonate, 
which was heated in the silica flask previously employed in the 
experiments with sodium hydrogen carbonate, this flask being used 
to avoid the possibility of the absorption of carbon dioxide by 
glass. In three successive experiments carried out at 123° the 
following molecular ratios were found: H,O : CO,=1 : 0°731, 
1 : 0°648, 1 :0°662; but on ignition of the residue this ratio was 
found to be 1 : 0°995. Thus it was shown that excess of water 
present in the gaseous phase at the lower temperatures is extrane- 
ous water, and is not derived from the preferential loss of water 
by the salt itself. 

Similar experiments carried out with a small quantity of caesium 
hydrogen carbonate pointed to a like conclusion. At 173° and 
182° the molecular ratios found were H,O : CO,=1 :1:009 and 
1: 1°05 respectively; at lower temperatures water-vapour was 
slowly evolved even after all the carbon dioxide had been 
exhausted. 

It had been concluded that the rubidium, as well as cesium 
hydroger. carbonate, prepared for and employed in these experi- 
ments was pure and dry, because the loss incurred on ignition of 
the former salt closely agreed with theory ; but it remained possible 
that this agreement was due to compensation, and that the product 
was really a mixture of rubidium normal and hydrogen carbonates, 
together with some water. A further experiment in which 1 gram 
of the salt dried as described above was heated, and all the evolved 
products were collected and weighed showed that it contained 


a a 
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0°0804 gram of water instead of 0°0614 gram, and 0°1277 gram 
of carbon dioxide instead of 0°1500 gram, the total loss on heating 
being 0°2081 gram instead of 0°2114 gram according to theory. 
The anomalous pressure values obtained at the lower temperatures 
with rubidium and cesium hydrogen carbonates are probably due, 
therefore, to the following cause. 

The salts employed contained a certain proportion of the normal 
carbonates, together with some water tenaciously held in spite of 
careful drying. This water was not present in sufficient amount, 
however, perceptibly to interfere with the equimolecular pro- 
portions between the water vapour and carbon dioxide evolved 
from the bicarbonate at high temperatures and pressures after the 
removal of some of the gas; as was proved by direct experiment 
(see p. 2758), and by the fact that successive readings agreed. 
When, however, the temperature was lowered and absorption took 
place, excess of water vapour, although small as regards its abso- 
lute value, would become relatively great owing to the smallness 
of the total amount of gas left, and would thus become operative 
in greatly increasing the observed pressures. The anomalies that 
exist in the lower parts of the dissociation pressure curves of 
rubidium and cesium hydrogen carbonates are therefore ultimately 
to be attributed to the exceedingly hygroscopic nature of the 
normal carbonates of these metals. It may here be pointed out, 
moreover, that the curves would tend to become too shallow on 
account of any small excess of water vapour present in the gaseous 


phase. 


Heats of Dissociation of Rubidium and Casium Hydrogen 
Carbonates. 


From the equation g=log,l10Rb, when 6=4300 and 6300 
respectively, the heats of dissociation are calculated to be: for 
rubidium hydrogen carbonate 19,780 cals. and for cesium hydrogen 
carbonate 28,980 cals. 

According to de Forcrand (Compt. rend., 1909, 149, 719) the 
heats of formation per gram-molecule are 231,920 and 274,900 cals. 
for RbHCO, and Rb,COs,, and 232,930 and 274,540 cals. respectively 
for CsHCO, and Cs,CO;; whence the heats of dissociation per 
two gram-molecules of RbHCO, and CsHCO, are calculated to be 
33,800 and 36,260 cals. respectively, instead of 39,560 and 
59,960 cals. derived from our results. 

We are unable to offer any explanation of the discrepancy 
between our thermal values and those of de Forcrand. These 
values might be approximated by the reduction of the value of ) 
in the equation log »=a—b/T, which would involve a reduction 
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in the steepness of the corresponding dissociation-pressure curves. 
The increasing steepness from potassium to cesium is well shown 
in the figure by the increased curvature apparent midway in the 
curves, which is especially apparent with cesium. 

It has been shown above, however, that the only cause of error 
which we at present recognise, that is, the departure from equi- 

molecular proportions in the gaseous phase, would have the opposite 
tendency of making the curves too shallow. Consequently we 
cannot admit the validity of reducing the values of the constant 
6b in the two equations. On the other hand, whilst we cannot 
offer any general criticism of the conclusions of de Forcrand, it 
may be pointed out that they are based on diminishing values for 
the heats of formation of the normal carbonates from potassium 
to cesium, namely, K,CO,;= 275,370 cals., Rb,CO;= 274,900 cals., 
Cs,CO, = 274,540 cals.; values which we should certainly a priori 
consider improbable. 

The results of our experiments on the dissociation pressures of 
the alkali bicarbonates show, not only that the stabilities towards 
heat of these salts increase with rise of atomic weight and accom- 
panying increase in electropositiveness of the metals, but also that 
sodium hydrogen carbonate is widely separated from the other 
three salts in stability. 

Thus there is furnished another example of the fact that a 
break occurs in the gradation of properties of compounds of the 
alkali metals at the point of transition from the short to the long 
periods in the periodic classification of the elements. 


We desire to express our indebtedness to the Research Fund 
Committee of the Chemical Society for a grant which has defrayed 
part of the cost of this investigation. 
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CCLVIII.—The Isomeric Transformation of Ammonium 
Methyl Sulphate, and of Substituted Ammonium 
Methyl Sulphates; the Interaction of Amines 
and Methyl Sulphate. 


By Emit ALPHONSE WERNER. 


In a recent communication (this vol., p. 925) containing an account 
of the study of the decomposition by heat of the methyl sulphates 
of certain isocarbamides, it was pointed out that ammonium methyl 
sulphate can evidently undergo isomeric change when heated, in 
accordance with the equation: 

NH,°MeSO, = NH;Me-HSQ,. 

This interesting reaction, which does not appear to have been 
hitherto recorded, was only noticed as a qualitative change in 
connexion with the investigation referred to above. A more inti- 
mate study of the change has now been made, the results of which 
have shown that an isomeric transformation on the line indicated 
above is apparently a property common to all substituted ammon- 
ium methy! sulphates, where such an interchange in the position of 
a hydrogen atom and a methyl group is possible. 

Thus when methylammonium methyl sulphate, the simple pre- 
paration of which from ammonia and methyl sulphate is described 
further on, is heated it gradually changes to the isomeric dimethyl- 
ammonium hydrogen sulphate, 

NH;Me-MeSO,= NH,Me,°HSO,, 
and the further progress and limit of the isomeric transformation 
may be expressed by the general equations: 
NH,RR’-MeSO, = NHRR’Me’HSO, 
NHRR/R”-MeSO, = NRR’R” Me-HSOQ,. 

Whilst the alcohol radicles may be variants, the isomerisation 
appears to be restricted to the methyl sulphates, since neither 
ammonium ethyl sulphate nor ammonium n-propyl sulphate was 
found to undergo any isomeric change. Decomposition with the 
formation of ammonium hydrogen sulphate and ethylene and 
propylene respectively was the only result of the action of heat 
on these two salts. 

The results of a quantitative study of the extent of isomeric 
change with rise of temperature in the case of ammonium and 
methylammonium methyl sulphates are given in the tables below; 
the time of heating was fifteen minutes in all the experiments; this 
comparatively short period was chosen, as preliminary experiments 
showed that the velocity of the isomeric change was chiefly a func- 
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tion of the temperature. Since the methyl sulphates under investi- 
gation were found to be neutral in reaction, the progress of the 
change was readily measured by determining the acidity developed 
in the product at the end of each experiment. 


TaBLe I.* 
NH,°MeSO, = NH,Me:HSO,. 
Tempera- Per cent. of Tempera- Per cent. of 
ture. isomeric change, ture. isomeric change. 
110—i20° 7-0 220—230° 46-3 
135—145 9-4 240—250 73-4 
160 11-3 250—260 85-9 
180—185 14.3 275 97-2 
200—205 25-8 
TaBLe I[I.* 
NH,Me-MeSO, = NH.Me,:HSO,. 
Tempera- Per cent. of Tempera- Per cent. of 
ture. isomeric change. ture. isomeric change. 
100—105° 2-6 210—220° 34-1 
135—140 6-4 230—240 50-4 
150—155 7-2 250—260 81-3 
170—175 8-3 275 97-8 
190—200 13-9 
* The numbers for the temperatures from 240° upwards are slightly higher than 
the true values, on account of the small amount of secondary change referred to in 
the experimental part. 


It will be seen from the above that in both cases the amount of 
isomeric change is small until a temperature of about 220° is 
reached ; beyond this it proceeds rapidly, and is almost complete 
at 275°, and with the exception of a slightly greater amount of 
isomerisation for the lower temperatures in the case of ammonium 
methyl sulphate there is practically no difference in the general 
order of the change for these two salts. The influence of time on 
the velocity of isomeric change is small even just below 220°; thus 
in the case of ammonium methyl sulphate after heating for one 
hour at 200—205° the percentage of isomerisation was raised from 
25°8 (for fifteen minutes) to 34°2, whilst with the methylammonium 
salt at 210—-220° there was an increase from 34°1 to 46°9 per cent. 
for the same difference in period. 

A few different types of substituted ammonium methyl sulphates 
have been examined, all of which apparently undergo an isomeric 
change, and in the case of derivatives containing’ more complex 
; alkyl groups or a phenyl group this proceeds more readily than 
with the methyl sulphates recorded above; for example, methyl- 
dipropylammonium and phenyldimethylammonium methyl sul- 
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phates were found to undergo isomeric change to the extent of 
about 35 and 48 per cent. respectively at 140°, whilst even at 100° 
there was a very appreciable amount of change. 

It is hoped to make a systematic quantitative study of a number 
of different methyl sulphates as soon as opportunity permits. 

As regards the mechanism of this isomeric change it appears 
very probable that dissociation, as the first step towards more 
stable equilibrium, precedes the formation of the isomeride; thus 
when ammonium methyl sulphate is heated it will dissociate with 
the production of methylamine and sulphuric acid rather than 
ammonia and the very unstable methyl hydrogen sulphate, and 
from the union of the dissociation products the still more stable 
methylammonium hydrogen sulphate will be formed. This explana- 
tion is in agreement with the conditions under which the isomeric 
change has been shown to take place, and also with the fact that 
the methyl sulphates of the feeble (benzenoid) ammonium bases 
undergo isomerisation readily at correspondingly lower tempera- 
tures. Considered from a practical point of view, the recognition 
of this general isomeric change is likely to prove of some value, 
since it appears to place in our hands a method more simple than 
any of those hitherto available for the preparation of various 
substituted methylammonium bases, more particularly on account 
of the ease with which the methyl sulphates may be prepared from 
the interaction of the amines and methyl sulphate, in accordance 
with the general equations: 

(a) NH,R + Me,SO,= NH,RMe-MeSO,. 

(6) NHR, + Me,SO,=NHR,Me-MeSQ,,. 
It also explains certain discrepancies in the results which have been 
published hitherto with regard to the above reactions. Thus, whilst 
Claesson and Lundvaal (Ber., 1880, 18, 1699) have shown that 
ammonia and aniline respectively react with methyl sulphate 
according to equation (a), they state that in the case of diethyl- 
amine and methyl sulphate the products formed are diethy]l- 
ammonium and dimethyldiethylammonium methyl sulphates, and 
more recently Ullmann (Amnnalen, 1903, 327, 104), who has 
examined the behaviour of aniline and a number of its different 
homologues towards methyl sulphate, has arrived at the conclusion 
that in the case of aromatic amines the interaction does not follow 
the course described by Claesson and Lundvaal (loc. cit.), but for 
primary amines is to be represented by the general equation: 

2NH,R + Me.SO, = NH,R-MeHSO, + NHMeR; 

for example, with aniline the products formed are stated to be 
aniline methyl sulphate, methylaniline, and a certain amount of 
dimethylaniline. The experimental conditions adopted, more especi- 
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ally by Ullmann, were such that much heat was allowed to develop 
during the interactions, with the result that more or less isomeric 
change must have taken place, to which cause must be attributed 
the different conclusions arrived at regarding the general order of 
the interaction. The results of experiments with several different 
amines, aliphatic and aromatic, have shown that if care be taken 
to avoid anything more than a slight development of heat, the 
reactions with methyl sulphate proceed in a perfectly straight- 
forward manner in accordance with equations (a) and (b); practi- 
cally quantitative yields of the substituted ammonium methyl 
sulphates have been obtained without any trouble. 


EXPERIMENTAL. 


Preparation of, and Action of Heat on, Ammonium Methyl 
Sulphate. 


The following method of preparation was found to give a fairly 
good yield of the above salt in a high degree of purity. The 
product obtained after heating a mixture of 50 grams of pure 
methyl! alcohol and 100 grams of pure sulphuric acid on the water- 
bath for half-an-hour was cooled and directly neutralised by 
addition of powdered commercial ammonium carbonate until, with 
the occasional addition of a small quantity of water, a pasty, 
faintly alkaline mass was obtained ; this was extracted with about 
150 c.c. of boiling methyl alcohol, the cold solution was poured off 
from any ammonium sulphate which separated, and concentrated 
to about half the volume by careful distillation. While hot the 
solution was again poured off from any substance which had 
separated, and on cooling it set to a mass of thin, plate-like crystals 
with a satiny lustre. After a further recrystallisation from absolute 
methyl alcohol the salt was obtained quite free from even a trace 
of sulphate, and was almost neutral in reaction; 32 grams of pure 
ammonium methyl sulphate were obtained from 50 grams of methyl 
alcohol. 

The pure salt melts* at 137°, and is exceedingly hygroscopic; it 
is less soluble in ethyl alcohol than in methyl alcohol, hence the 
preference of the latter solvent for its purification. 

In order to study the progress of the isomeric change, a series of 
test-tubes containing weighed quantities of the well-dried salt were 
heated in a bath of glycerol for fifteen minutes to the desired tem- 
perature; the bulb of a thermometer, passed through a loosely- 
fitting cork, was kept immersed in the fused salt during each 


* When slowly heated the salt may be found to melt at 125°, as a result of a 
certain amount of isomeric change. 
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experiment. The product was dissolved in water and titrated 
directly with W-sodium hydroxide, methyl-orange being used as 
indicator. On account of the very hygroscopic nature of the salt 
it was not advisable to attempt to weigh out a similar quantity for 
each experiment ; from the equation: 


NH,-MeSO, = NH,Me-HSO, (M.W.=129), 


it will be readily seen that 1°29 grams of ammonium methyl 
sulphate would require, after complete isomerisation, 10 c.c. of 
N-sodium hydroxide for neutralisation, hence the values for a 
molecular proportion were calculated from the titration results 
obtained in the different experiments, and as these numbers 
expressed in terms of percentage of isomeric change are given 
under table I, the full details would be of no particular interest, 
an 1 have therefore been omitted. 

When ammonium methyl sulphate was heated to about 240° 
and upwards, a slight evolution of gas commenced after five 
minutes’ heating, and continued very slowly to the end of the 
experiment; this was found to be ethylene, the result of a 
secondary decomposition, namely, 

2NH,°MeSO, = C,H, + 2NH,HSO,, 

which to a very slight extent accompanies the main isomeric change. 
From 20 grams of ammonium methyl sulphate, after heating under 
the most favourable conditions, 8°9 grams of methylamine hydro- 
chloride were ultimately obtained, corresponding with 85°6 per 
cent. of the theoretical yield for complete isomerisation ; hence the 
secondary decomposition referred to above has no serious influence 
on the main change. 


Preparation of, and Action of Heat on, Methylammonium 
Methyl Sulphate. 


This salt was readily prepared, in quantitative yield, by passing 
a current of dry ammonia into a solution of pure methyl sulphate 
in about fifteen times its volume of benzene until the product, after 
keeping for one hour, had a slight odour of ammonia, the flask 
containing the solution being immersed in ice-cold water. The salt 
gradually separated in micro-crystalline form; it was quite colour- 
less, neutral in reaction, and gave an absolutely negative result 
when tested with barium chloride solution. The dry salt melts at 
52°, and is very hygroscopic; its purity was confirmed by analysis, 
and hence the reaction is correctly represented by the equation : 

NH, + Me,SO, = NH,Me-MeSO, ; 


the formation of some ammonium methyl sulphate, recorded by 
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Claesson and Lundvaal (loc. cit.), was probably due to the presence 
of some methyl hydrogen sulphate in the ester used by them. 

The examination of the progress of the isomeric change when 
methylammonium methyl sulphate is heated was carried out exactly 
as in the case of the ammonium salt; the results so obtained are 
given under table II. 


Interaction of Amines and Methyl Sulphate. 


The ester used in these experiments was purified from any acid 
impurities by shaking it with a solution of sodium hydroxide until 
neutral ; the separated ester was then dried over anhydrous sodium 
sulphate, and used directly without redistillation. 

Expt. I. Aniline and Methyl Sulphate (equal molecular propor- 
tions).—To a solution of 9°3 grams of freshly distilled aniline in 
75 c.c. of pure benzene, 12°6 grams of methyl sulphate dissolved in 
25 c.c. of benzene were added; there was very slight development 
of heat, and after a short time, minute, thin, glistening plates began 
to separate. After twenty-four hours these were collected, washed 
with benzene, and dried over sulphuric acid and afterwards for a 
short time in a vacuum. The weight obtained was 211 grams, 
whilst theory requires 21°9 grams if the reaction proceeded’ in 
accordance with the equation: 

C,H,;*NH, + Me,SO,= C,H; NH,Me-CH,S0O,. 

An aqueous solution of the product gave no precipitate with 
barium chloride solution, and on the addition of bleaching-powder 
solution and a few drops of dilute sulphuric acid, a deep indigo-blue 
colour was developed,* a reaction characteristic of methylaniline 
(Found, SO,=44°02. C,H,,0,NS requires SO,=43°83 per cent.). 

Phenylmethylammonium methyl sulphate melts at 159°, and 
undergoes isomeric change very readily ; this was strikingly demon- 
strated in the benzene filtrate from the preparation, which retained 
a small quantity of the salt in solution, in the following manner: a 
portion of the benzene solution was evaporated to dryness on the 
water-bath, and the residue gave a copious precipitate with barium 
chloride solution, and, on addition of bleaching-powder solution, a 
deep orange-red colour was at once developed, a reaction character- 
istic of dimethylaniline. The original benzene solution when shaken 
with distilled water gave no reaction with barium chloride, but 
when previously heated for a few minutes on the water-bath and 
again shaken with water, on applying the test reagent a precipitate 


* It is generally stated that methylaniline gives no colour with bleaching- 
powder solution, but this is only true of the free base; on acidification an intense 
indigo-blue colour is quickly developed. 
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of barium sulphate was immediately formed as a result of the 
isomeric change. 

The experiment was repeated, using an excess of aniline, and 
the weight of crystalline precipitate obtained was practically the 
same as before, the excess of aniline being found unchanged in the 
benzene filtrate, thus proving that the interaction takes place 
strictly in accordance with the equation given above, and that the 
failure to recognise the isomerisation which takes place so readily 
was responsible for the erroneous explanation of the change given 
by Ullmann (loc. cit.). 

Expt. II. Methylaniline and Methyl Sulphate (equal molecular 
proportions).—To 10°7 grams of pure methylaniline dissolved in 
75 c.c. of benzene, 12°6 grams of methyl sulphate dissolved in twice 
its volume of benzene were added; a clear, pale yellow oil gradu- 
ally separated, without any appreciable evolution of heat, and 
after twenty-four hours this was collected. The weight obtained 
was 32 grams; the theoretical yield of phenyldimethylammonium 
methyl sulphate formed in accordance with the equation: 

C,H,;*-NH Me + Me,SO, = C,H;-NHMe,-MeSO,, 

would be 23°3 grams. The oil when added to water rapidly dis- 
solved with the*separation of some benzene, and any attempt to 
expel the latter from the oil by heat was accompanied by evidence 
of isomeric change having taken place during the process. By 
leaving the oil for a week in a vacuum over sulphuric acid a 
product quite free from benzene was finally obtained. The viscous 
residue, which showed no signs of crystallisation, was not analysed, 
but gave all the reactions of a salt of dimethylaniline, and no other 
product could be detected in the original benzene separated from 
the oil, the yield of which corresponded very closely with a com- 
pound of the salt with a molecular proportion of benzene which 
would require 31‘1 grams. This property of forming a feeble com- 
pound with benzene has already been noticed by Claesson and 
Lundvaal (Joc. cit.) in the case of ethylaniline ethyl sulphate. 

Expt. III. Dipropylamine and Methyl Sulphate (equal molecular 
proportions).—This experiment was carried out as in the previous 
case, with 10°1 grams of dipropylamine and 12°6 grams of the 
ester, a clear, almost colourless oil quickly separating with slight 
evolution of heat. The yield of oil was 30°8 grams, whilst the theo- 
retical yield of methyldipropylammonium methyl sulphate would 
be 22°7 grams, and for a compound with one molecular proportion 
of benzene 30°5 grams. In this case also an attempt to expel 
benzene from the oil by heat was accompanied by isomeric change. 
The product, freed from benzene by the means mentioned under 
Expt. II, was a viscous liquid, the aqueous solution of which gave 
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no precipitate with barium chloride solution, and on distillation 
with potassium hydroxide gave methyldipropylamine, which was 
identified by the analysis of its hydrochloride (Found, Cl=23°44. 
Calc., Cl=23'43 per cent.). 

Experiments II and III were repeated, using an excess of the 
respective amine; in each case this excess was found unchanged 
in the benzene separated from the precipitated oil, proving that 
with secondary amines also the reaction with methyl sulphate is 
between equal molecular proportions and in accordance with the 
general equations already given, 


Note en Ammonium Ethyl Sulphate and Ammonium 
n-Propyl Sulphate. 


Pure ammonium ethyl sulphate was readily prepared in very 
good yield by directly neutralising crude ethyl sulphuric acid 
(prepared in the usual manner) with commercial ammonium car- 
bonate, absolute alcohol being used for the extraction and recrystal- 
lisation of the ammonium salt. The yield was 58 grams of the 
pure compound from 50 grams of ethyl alcohol, no attempt being 
made to recover a further quantity from the mother liquor. The 
pure salt crystallises from alcohol in thin, flat, rhomboidal prisms, 
which have been easily obtained in a length of 4—5 cm., and 
possessing a brilliant, satin-like lustre. 

Ammonium ethyl sulphate melts at 97° (not 62°, as stated in 
various works of reference), and is not notably hygroscopic, which 
is also contrary to the published statements. 

When heated the salt decomposed rapidly at about 220° with 
the evolution of ethylene ; after fifteen minutes at this temperature 
the amount of decomposition was 55 per cent., in accordance with 
the equation : 

NH,’ EtSO,=C,H, + NH,HS0O,. 

No ethylamine could be detected in the residue, thus proving the 
absence of any isomeric change. 

Ammonium 2-propyl sulphate (m. p. 132°) was obtained in good 
yield from crude n-propylsulphuric acid in a manner similar to 
that stated above. The pure salt, which is very hygroscopic, decom- 
posed rapidly at 150—160° with the evolution of propylene and 


without any evidence of isomeric change. 
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CCLIX.—Studies in the Camphane Series. Part 
XXXVI. N-Chloroaminocamphor. 


By Martin Onstow Forster and Max ScHLAEPFER. 


Tue subject of this communication was produced unexpectedly as 
the result of attempts to shorten the process for obtaining a-triazo- 
camphor (camphorylazoimide), the original method (T., 1905, 87, 
826) being too circuitous for ordinary application. 

The possibility of replacing the halogen in a-chlorocamphor and 
a-bromocamphor by heating these materials with sodium azide was 
first tested, without success, when Raschig’s description of a simple 
method for preparing hydrazine (D.R.-P. 198307; A., 1908, ii, 
1029) suggested the production of camphorylhydrazine, from which, 
by the action of nitrous acid, camphorylazoimide should arise on 
the principle rendered familiar by Curtius. On adding aqueous 
chloroamine to dissolved aminocamphor, however, a colourless solid 
was precipitated,- and instead of having the properties to be 
expected of camphorylhydrazine, was found to consist of W-chloro- 
aminocamphor. There remained .a possibility of arriving at 
camphorylhydrazine by the action of ammonia on the chloroamine, 
but experiment showed that the removal of hydrogen chloride 
takes place in such a way as to produce iminocamphor, for the 
preparation of which substance a very convenient method has thus 


been brought to light: 
H: 
c Hite NHC! wi, HC1+C Hct Feit Hit _— 


The reaction, in fact, is directly comparable with that by which 
iminocamphor was obtained ier” 


H-N iN 
CH > NtO, Hi<is 


—> C se ema 


the wrenching away of two atoms—nitrogen alone in the case of 
triazocamphor, hydrogen and chlorine in the case of JN-chloro- 
aminocamphor—so disturbing the affinity relations of the residual 
nitrogen as to cause migration of hydrogen from the neighbouring 
carbon. The alternative explanation : 


= ‘q  C:NH 
CHi<i, > H+ H<d, 


was tested by the preparation of camphorylacetyl nitrogen chloride 
(aceto-V-chloroaminocamphor) and treatment of this compound 
with ammonia, which led simply to the regeneration of aceto- 
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aminocamphor instead of aceto-iminocamphor, or camphorquinone 
and acetamide. 

Although not the first representative of its class, the simplest 
member, methylchloroamine, having been prepared in 1893, we 
believe that chlozoaminocamphor is probably the first material 
of this type to be obtained in crystalline form, and, as might be 
anticipated, it is a very active and unstable substance, oxidising 
hydrogen iodide and sulphurous acid in the manner of an acylated 
aryl or alkyl nitrogen chloride. It rapidly undergoes a spontane- 
ous change, the undissolved material being transformed in the 
course of a few hours into a honey-like mass, whilst solutions in 
hydrocarbons quickly deposit aminocamphor hydrochloride, and 
contain the anhydride of cyanolauronic acid together with 
uncrystallisable products. In acetone the chloroamine also changes 
into aminocamphor hydrochloride, accompanied by a crystalline 
compound (m. p. 155°) having the composition C,,H,,ON ; this has 
not been identified with any known compound, but the equation: 

C,,H,,ONCl + 2C;H,O = HCl + 2H,0 + C,,H,,0ON, 
would account for a product having this empirical formula. 

Whilst ammonia converts chloroaminocamphor into imino- 
camphor, aromatic amines are oxidised by the substance, which 
takes hydrogen from the amino-group and passes into amino- 
camphor hydrochloride, Thus aniline yields azobenzene: 


_ NHC! , +20,H,-NH, = 
QaNH, HCl 


20,H,, 


2C,H,, + C,H,°N:N-C,H,, 
whilst phenylhydrazine loses its nitrogen. 

During a few days’ suspension in water, the chloroamine changes 
into a crystalline material melting at 95°, along with amino- 
camphor hydrochloride. The new compound, which is produced 
also when chloroaminocamphor is dissolved in sulphuric acid, is 
likewise a derivative of nitrogen chloride, and is related to cam- 
phoric imide, yielding that substance when heated at 100°. Owing 
to its unstable character, and the consequent difficulty attending 
analysis, we cannot be certain of the empirical formula, although 
C,>H,,0,NC1,H,O is indicated. 

EXPERIMENTAL. 
H: NHCI 
N-Chloroaminocamphor, C,H, ,< bo 


An acid solution of aminocamphor hydrochloride prepared from 
25 grams of isonitrosocamphor, as already described (T., 1905, 87, 
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113), was chilled with ice and treated with chloroamine from 
330 c.c. of a sodium hypochlorite solution (containing 32 grams of 
available chlorine per litre) and 6 c.c. of ammonia (0°88) diluted 
to 50 cc. The solution remained alkaline to litmus, whilst a 
colourless oil separated immediately and rapidly solidified. After 
three hours in ice, during which period separation of the chloro- 
amine was complete, the substance was collected, roughly dried 
on earthenware, and for all ordinary purposes was used in this 
form, 20 grams being the amount usually obtained. 

As the substance is extremely unstable, purification and analysis 
must be completed in one day. Such specimens were prepared by 
mixing the ingredients overnight, leaving the suspended product 
in the ice-chest, and filtering early the following morning; the 
roughly dried material was immersed in cold petroleum (b. p. 
40—50°) in quantity insufficient for dissolution, and then shaken 
with calcium chloride, the amount of which may be gauged to 
develop with the ‘associated water enough heat to dissolve the 
excess of the chloroamine without perceptibly raising the tempera- 
ture of the solution. This was filtered and rapidly evaporated 
under diminished pressure, when there separated radial aggregates 
of colourless needles melting at 43° and decomposing violently 
at 85°: 

0°2720 gave 0°6012 CO, and 0°1976 H,O. C=60°3; H=81. 

0°3042 ,, 188 c.c. Ny at 23° and 758 mm. N=7°0. 

0°2641 contained 0°0442 available chlorine. Cl=16°7. 
C,>H,,ONCI1 requires C=59°6; H=7°9; N=6°9; Cl=17°6 per cent. 

Chloroaminocamphor is sparingly soluble in cold water, but dis- 
solves very freely in all organic media; it liberates iodine from 
aqueous potassium iodide immediately, but before titrating the 
liquid with sodium thiosulphate it is better to add alcohol and a 
few drops of glacial acetic acid. Even the purified compound 
cannot be preserved, because it changes in the course of a few 
hours to a yellow resin, liberating chlorine and hydrogen chloride ; 
this alteration takes place alike, whether it is exposed to the air 
or situated in a desiccator containing soda-lime, and occurs also 
if the material is widely and loosely distributed. 

Although the conditions of preparation appear to preclude the 
possibility of the foregoing substance being the hypochlorite of 
aminocamphor, the hydrochloride of the base was mixed in aqueous 
solution with sodium hypochlorite alone; this precipitated an oil 
which did not become solid, and which underwent explosive decom- 
position even while suspended in water. 

Action of Sodium Sulphite.—The simple relation between the 
chloroamine and the original base is established by the regenera- 
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tion of the latter under the influence of sodium sulphite. When 
freshly prepared chloroaminocamphor is immersed in a solution of 
the salt, the hard granules rapidly become pasty and afterwards 
oily, the odour of sulphur dioxide being noticeable. With further 
lapse of time the oil disappears, leaving a small proportion of 
camphorquinone, whilst the main bulk of the chloroamine is 
represented in the filtrate by salts of aminocamphor. 

Decomposition in Benzene.—Solutions of the chloroamine in 
organic media change at various rates, and always yield amino- 
camphor hydrochloride. Thirty-four grams of freshly prepared, 
roughly dried chloroaminocamphor were dissolved in 100 c.c. of 
benzene, dried with calcium chloride, filtered and left in a desic- 
cator containing soda-lime. In the course of a few hours amino- 
camphor hydrochloride began to separate in colourless needles, 
increasing with passage of time until about 14 grams had accumu- 
lated after the lapse of nearly nine weeks; meanwhile the air in 
the desiccator liberated iodine from potassium iodide, and the 
solution remained active during more than four weeks. On evapor- 
ating the filtered benzene there was deposited a bright yellow, 
honey-like mass, and although this weighed more than 12 grams, 
only about 1 gram of crystalline material was obtained from it. 
A small proportion of this was camphorquinone, separated by 
kneading the honey successively with small quantities of light 
petroleum, which dissolved that substance; the residue became 
hard and granular, and on being dissolved in a very small quantity 
of hot methyl alcohol was deposited slowly in colourless crystals, 
which, on recrystallisation from the same solvent, formed colour- 
less plates melting at 174° (Found, C=69'3; H=83; N=8'3. 
CyopH.g0,N, requires C=69'8; H=81; N=81 per cent.). The 
compound was thus identified as the anhydride of cyanolauronic 
acid. 

The change which chloroaminocamphor undergoes in petroleum 
follows the same course, yielding aminocamphor hydrochloride and 
a small proportion of the anhydride of cyanolauronic acid. 

Decomposition in Acetone.—Fifty grams of the chloroamine 
were dissolved in 50 c.c. of acetone at zero, the liquid slowly becom- 
ing brown. After twelve hours in the ice-chest a heavy, almost 
colourless oil had separated, and as this did not dissolve on adding 
25 ¢.c. more acetone the liquid was set aside during one week, 
when it became homogeneous and much darker, whilst 7°3 grams 
of pale brown crystals separated. The filtrate affected the eyes in 
the manner of chloroacetone, and did not deposit more solid after 
six weeks at zero; it was therefore diluted largely with water, 
which precipitated a brown tar, and from this, by rubbing with 
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cold methyl alcohol, a further 2 grams of crystalline material was 
recovered. On treating the accumulated solid with aqueous alcohol 
(1:1), 3°5 grams remained, and the filtrate contained amino- 
camphor hydrochloride. The solid residue dissolved freely in boil- 
ing alcohol, and crystallised in lustrous, very pale brown needles, 
melting at 155°: 

0°2070 gave 0°5931 CO, and 0°1723 H,O, C=781; H=9°3. 

071917 ,, 99 cc. N, at 23° and 763 mm. N=5'8. 

C,,H.,0N requires C=78'4; H=9'4; N=5’7 per cent. 

The substance is freely soluble in benzene or ethyl acetate, and 
dissolves readily in boiling petroleum, from which it is conveni- 
ently crystallised. 

Action of Ammonia.—Freshly prepared chloroaminocamphor 
was covered with ammonia (0°88) and stirred at intervals, becoming 
oily in less than one hour, afterwards changing to a hard cake of 
iminocamphor ; as this substance is extremely unstable, and cannot 
be recrystallised, it was identified (1) by quantitative conversion 
into camphorquinone and ammonia, and (2) by the characteristic 
magenta coloration developed with formaldehyde and sodium 
methoxide (T., 1908, 93, 250). 

Action of Amines.—As already stated, the foregoing experiment 
was made with the object of preparing camphorylhydrazine, and 
the result was totally unexpected. The action of various amines 
was therefore studied, but the most definite result was obtained 
with aniline. Nine grams of chloroaminocamphor were dissolved in 
ether, and having been dried with calcium chloride, the solution 
was mixed with 8 grams of aniline. On the following day,2 grams 
of aminocamphor hydrochloride were removed by filtration, and 
the dark brown liquid, when freed from ether, was treated with 
dilute hydrochloric acid to remove excess of aniline. The residual 
tar became harder when rubbed with a small quantity of alcohol, 
and having been drained from the latter, was extracted with light 
petroleum, which deposited azobenzene on evaporation. 

When treated under similar conditions with diphenylamine a 
mixture of aminocamphor hydrochloride with ammonium chloride 
separated, and these salts were precipitated also by a-naphthyl- 
amine, but azonaphthalene could not be identified in the dark 
brown, viscous material deposited by the filtrate. With phenyl- 
hydrazine the action was extremely violent at the ordinary tem- 
perature, but on mixing dilute ethereal solutions of the two 
materials at zero very slowly, aminocamphor hydrochloride was 
precipitated and a steady liberation of gas took place. 

Action of Water.—Ten grams of chloroaminocamphor were 
covered with about 30 c.c. of water and stirred at intervals. After 
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three days the substance, at first granular and dense, had swollen 
into the liquid and had become soft; the following morning it had 
become dense again and very hard, whilst flat, colourless needles 
were suspended in the pale yellow liquid. The solid weighed 
5 grams, whilst the filtrate, after extraction twice with ether to 
remove a very small quantity of camphorquinone, deposited on 
evaporation 4 grams of aminocamphor hydrochloride mixed with 
a very small proportion of ammonium chloride. Meanwhile the 
colourless crystals, a less impure form of the hard, granular mass, 
were found to set free iodine from potassium iodide, and when 
dissolved in ethyl acetate, using the device already adopted in 
the case of chloroaminocamphor, petroleum precipitated flat, colour- 
less prisms in stellate aggregates. Newly crystallised, the substance 
melted at 95°, evolving gas, but when preserved in a desiccator 
containing soda-lime, it changed into a material which melted at 
227°, did not liberate iodine from potassium iodide, and when 
dissolved in hot water gave the imide of camphoric acid (m. p. 
245°); the latter is produced also when the substance is heated 
at 100°, chlorine being liberated : 

0°2008 gave 03887 CO, and 0°1471 H,O. C=52'8; H=8'1. 

0°1822 ,, 93 cc. Ng at 18° and 7715 mm. N=6°0. 

0°3460 contained 0°04985 available chlorine. Cl=14'4. 

C,)H,,0,NC1,H,O requires C=51'1; H=7'7; N=60; 
Cl=15°0 per cent. 

We ascribe the indeterminate result of this analysis to the diffi- 
culty of removing the last traces of petroleum in a substance, 
which, owing to its excessive instability, must be analysed immedi- 
ately. The compound is freely soluble in organic media, but differs 
from chloroaminocamphor by its sparing solubility in cold petrol- 
eum. It is also produced when chloroaminocamphor is dissolved 
in concentrated sulphuric acid; 10 grams of the freshly prepared 
material were added in small quantities to 50 c.c. of ice-cold acid, 
which was shaken vigorously during the process, chlorine being 
liberated. After half-an-hour, when effervescence ceased, the liquid 
was poured on crushed ice, which precipitated a colourless oil, 
rapidly solidifying; the product weighed 3°3 grams, and when 
recrystallised from acetone diluted with water formed lustrous 
needles melting at 95°, 

N-Chloroaceto-aminocamphor, C,H, Ka oe i 

The finely powdered acetyl derivative of aminocamphor was 

suspended in aqueous sodium bicarbonate at zero, and treated 


with an ice-cold solution of sodium hypochlorite; after twelve 
hours the product was filtered, washed, and dissolved in cold methyl 
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alcohol, from which water precipitated lustrous, silky needles, 
melting at 78°: 

0°1500 contained 0°0218 available chlorine. Cl=14'5. 

C,.H,,0,NCl1 requires Cl=14°5 per cent. 

The substance is freely soluble in petroleum, acetone, or methyl 
alcohol, and liberates iodine from potassium iodide immediately. 
Ammonia does not transform it into aceto-iminocamphor, but 
merely regenerates the acetyl derivative of aminocamphor. 

In conclusion, we desire to express our thanks to the Managers 
of the Royal Institution for their courtesy in placing a laboratory 
at our disposal. 


Tae DAvy-FARADAY LABORATORY 
or Tue RoyAat Institution, W. 


CCiLLX.—The Corrosion of Iron and its Application 
to Determine the Relative Strengths of Acids. 


By Joun Aubert Newron Frienp and CHARLES WILLIAM 
MARSHALL. 


Ir is now a matter of common knowledge that fairly concentrated 
solutions of sodium hydroxide or carbonate will inhibit the corro- 
sion of iron. In 1911 attention was drawn to the fact that the 
corrosive action of aqueous solutions of metallic salts of any con- 
centration may be completely inhibited by the addition of sufficient 
alkaline hydroxide (Friend, J. Zron and Steel Inst., 1911, III). 
In view of the close connexion between corrosion and ionisation it 
seemed of interest to determine the minimum quantities of alkali 
required to inhibit the corrosive actions of different salts and to 
discover whether or not any relationship exists between these quan- 
tities and the relative strengths of the acids and bases constituting 
the salts. 

To this end numerous experiments were carried out by exposing 
small pieces of iron to the action of different salt solutions mixed 
with varying quantities of sodium or potassium hydroxide; but the 
results were too uncertain and irregular to be of any value. This 
was ultimately traced to the presence of carbon dioxide in the air, 
which was readily absorbed in irregular quantities by the alkaline 
hydroxides. With the carbonates and borates of the alkali metals, 
however, very trustworthy results were obtained, capable of exact 
repetition an indefinite number of times. Ultimately, therefore, 
these were used as inhibitors, the carbonates proving the more 
convenient both on account of their simpler constitution and their 
greater solubility in water. 
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The procedure was as follows: Five c.c. of a V/10-solution of a 
sodium salt were introduced by means of a pipette into each one 
of a series of five hard-glass tubes containing 1, 2, 3, 4, and 5 c.c. 
of standard sodium carbonate solution respectively. The tubes had 
been previously steamed out in order to remove any traces of 
soluble matter—a precaution that was found to be absolutely 
necessary. The volume of each solution was now made up to 
10 c.c. by the addition of freshly distilled water. Finally, pieces of 
pure iron foil, measuring 1 cm. square, which had been well 
scrubbed with old emery paper and not touched with the fingers, 
were added, one to each tube, and the latter was sealed with a 
waxed cork. It was found important to add the iron last of all 
after thorough mixing of the solutions employed, as contact with 
the different solutions before mixing appeared to exert some influ- 
ence on. the surface of the metal rendering the results uncertain. 
For the same reason the pieces of iron were never used twice 
(Friend, T., 1912, 101, 50). The sealed tubes were kept in a 
cupboard at uniform temperature, and subject in the daytime to 
weak, diffused sunlight. After two or three days they were 
examined. The iron in the first one, two, three, or four tubes was 
then usually found to be corroded, but that in the remaining tubes 
or tube was not. 

The tubes could now, as a general rule, be kept for months with- 
out any further pieces of iron undergoing oxidation. The corroded 
metal in cases distant from the end-point gave signs of further 
corrosion; but those close to the end-point appeared to undergo 
no change. This is remarkable in view of the fact that only a 
small fraction of the oxygen in the air in the tubes had been 
absorbed during corrosion. Sulphides yielded a very clear end- 
point during the first few days, but after prolonged keeping irons 
that had previously shown no tendency to corrode were found to 
become oxidised, thus altering the end-point very considerably. 
This was ultimately traced to slow oxidation of the sulphite to 
sulphate. 

By repeating the experiments with intermediate quantities of 
carbonate it was found possible to determine to within about 5 per 
cent. the amount of carbonate required to inhibit corrosion under 
the particular conditions of the experiments. The presence of rust 
was always easy to detect after a little practice, and it is not 
improbable that results of still higher accuracy could be obtained 
by the use of more finely graduated instruments. 

The best method of observation was found to consist in exposing 
to a powerful light, the tubes being continually rotated in order 
that the spots of rust should not be overlooked. These spots were 
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often minute, particularly near the end-points in the case of the 
stronger acids, frequently occurring at corners of the metal in 
contact with the glass. In the case of the weaker acids the volume 
of rust preduced was, as a general rule, considerably greater, 
rendering the end-point more easy to detect. 

The rust formed varied very much in appearance. With phos- 
phates it was white, with an under-layer of green in very dilute 
solution. Sulphites gave a green rust, which became red on long 
keeping. Chlorides, nitrates, and sulphates yielded reddish-brown 
rust ; iodides, black. 

The results obtained with sodium salts, using sodium carbonate 
as inhibitor, are given in tables I and II. The concentrations of 
the various salts are expressed in terms of a normal solution, whilst 
the amounts of sodium carbonate required to be present in 10 c.c. 
of such solutions in order just to inhibit corrosion are, for the sake 
of convenience, expressed both as c.c. of a molecular solution and 
relatively to one another, the highest amount being taken as 100. 

In actual practice, in the V/100 tests, 1 c.c. of a V/10-solution of 
the salt was taken, varying quantities of the carbonate solution 
added, and the volume made up to 10 c.c. Thus a better comparison 
was obtainable than by making a new solution of the salt. 


TABLE I, 
Sodium Carbonate as Inhibitor, 
Relative Relative 
concentration strengths of 
Sodium salts, Concentration of Na,CO, free acids 
N/20. of Na,CO,. (NaCl= 100). (HCl1= 100). 
GIRS ka tnnneandnceccsicdcscvescs 1-35 100 100 
Bah tid ten chdistagecsdecnawuoawes 1-20 88-9 : 98 
SEE es ee 0-975 72-2 98 
MINT Es Aabcnie beucedtnesaceceeses 0-725 53-7 98 
MINED cecdncdccccccscsscesecseces 0-700 51-85 70 
I tic Satciisninaduendieniawas 0-525 38-9 10-5 
RINE chalicontinswiecdxdscseencess 0-120 8-9 2 
INS ccseevesicsssccccccSonccans 0-025 1-9 58 
TasB.eE II. 
Sodium Carbonate as Inhibitor, 
Relative Relative 
concentration strengths of 
Sodium salts, Concentration of free acids in 
N/100. of Na,CO,. Na,CO,. N/100-solution. 
IR ciiniccetausiincs banned 0-525 100 100 
RSE Eee oe ee 0-500 95-2 98 
SE trv kctcrnashaaspcecaaccncs 0-475 90-5 97-5 
SE cumindecinnscesdcessrences 0-400 76-2 82-5 
EEA re reas 0-375 71-4 98 
EN cid tidinceghassknacusostes 0-375 71-4 17 
MIR socal eisiRendececsccknescss 0-070 13-3 4 


iqeactaseenderevectiocssiceess 0-035 6-7 83 
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Consideration of the above tables reveals the interesting fact that 
when the salts are arranged in descending order of inhibiting 
carbonate concentrations, not only are they in the order of the 
decreasing electrical conductivity of their acids, but the relative 
quantities of carbonate solution bear a general relationship to the 
numerical values found for the strengths of the acids by electrical 
conductivity and hydrolysis methods. 

It will also be observed that on increasing the dilution from 
N/20 to NV /100 the relative amounts of the carbonate required by 
the different salts steadily approach that required by the sodium 
chloride, which is taken as the standard. In other words, the 
relative strengths of the acids tend to approach equality with 
dilution—as the ionic theory requires. It is interesting to note that 
in the more dilute solutions the nitrate and sulphate exchange 
positions. The low position of the nitrate in the V/20-solution is 
remarkable, and one is led to ask whether or not passivification has 
influenced the results, nitrates being well known passivifiers of iron. 

Still more exceptional are the values found for the sulphite in 
N/20- and V/100-solution. The figures given in the final columns 
of tables I and ITI, however, are based on freezing-point measure- 
ments, and are therefore less strictly comparable. 

The results obtained with sodium borate as inhibitor were, on 
the whole, very similar. The concentration of the sodium salts 
was V/100, the inhibiting quantities of borax being expressed as 
c.c. of a molecular solution present in 10 c.c. of the mixed solutions 
(see table ITT). 


TaB.e IIT. 
Boraz as Inhibitor. 
Relative 
Concentration Relative strengths of 
Sodium salts, of concentration free acids in 
N/100. borax. of borax. N/100-solution. 
CRBOME. cacccsccsccesonccossecisecs 0-36 100 100 
PMI 555 wontcaneccscariacoceces 0-315 87-5 97-5 
NID gisscsasccaxcssccvosssnsaes 0-31 86-1 82-5 
BOUIN ccc coanctvcsinensecpeteneauce 0:33 91-7 98 
TRINNY s Sidi nccconkommmeciedeuebats 0-195 54-2 98 
PTE -inencvitinutindbantileniiniis 0-100 27:8 17 
RIED 6 senciankvhsdsiricrnpanannns 0-070 19-4 4 
Os nidcnckucdisncessieniuaniics 0-050 13-9 83 
CONSID sainctscdanbinctnkincics 0-045 12-5 | 30 ‘ 


The relatively low solubility of borax in water renders it less 
convenient as an inhibitor than sodium carbonate, by restricting 


* Assuming a dissociation constant k=1°8 x 10-° (Walker and Cormack, T., 1900, 
77, 5). 
+ Assuming k=5 x 10-4 (Thiel and Strohecker). 
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the range of concentrations. When the above results are compared 
with those in table 11 of like concentration it will be seen that 
a reasonably close similarity obtains. With the exception of the 
iodide and bromide, which now interchange positions although the 
difference between them is very slight, all the other acids retain 
the same positions. It is interesting to note that by this method a 
value for carbonic acid is obtainable, which, however, is very high. 

Thiel and Strohecker (Ber., 1914, 47, 945) have recently adduced 
evidence in favour of the supposition that the true dissociation 
of carbonic acid is much greater than that usually ascribed to it, 
since only a small percentage of dissolved carbon dioxide exists as 
carbonic acid in aqueous solutions of the gas. 

Assuming this to be correct, the high value for sodium carbonate 
in table III is readily understood, because practically the whole of 
the carbon dioxide is “ fixed,” and therefore ionised in the solution. 

Experiments with potassium salts, using potassium carbonate as 
inhibitor, yielded closely similar results to those detailed in table I, 
in so far as the relative quantities of inhibitor were concerned ; 
but the absolute quantities were greater. 

The concentrations of the potassium salts were V/20, and in 
table IV the amount of potassium carbonate required to produce 
inhibition is expressed as c.c. of a molecular solution in 10 c.c. 
of the mixed solution. 


TaBLeE IV. 
Potassium Carbonate as Inhibitor. 
Relative 
Relative strengths of 
Potassium salts, Concentration concentration free acids in 
N/20. of K,CO,,. of K,CO.,,. N/20-solution 
PIDs cacengsasscccceics 1-85 100 100 
ID sivsccichacinaatsaemane 1-70 92 97-5 
ED rkiaaecaaicnedh ness 1-70 92 98 
DIED i ccecbeasccadescons 0-85 46 97-5 
EIUEREO oo cccccncsccescces 0-775 42 70 
WOE occscccscsscascccs 0-575 31 10-5 
IIE a icdnacectecicccecs 0-225 12 2 
PE icanciaccnactsecss 0-050 2-7 58 


Many salt solutions, such as sodium acetate, borate, carbonate, 
and sulphide, whilst capable of inhibiting corrosion when fairly 
concentrated, cannot do so if fairly dilute. It was of interest to 
determine accurately the concentrations at which this auto-inhibi- 
tion just begins in the case of the above-mentioned salts, in order 
to discover whether or not the same ionic relationship holds, as in 
the experiments with an added inhibitor. This was accomplished 
by immersing small pieces of iron foil in 10 c¢.c. of varying concen- 
trations of the different salts, and noting the lowest concentrations 
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at which corrosion was permanently inhibited. The results obtained 
are given in table V. 


TABLE V. 
Auto-inhibition. 
Relative Percentage Relative 
concentration ionisation strengths of 
of of free acids free acids 
Inhibiting salt taking atdilutions at dilutions 
concentration acetic acid as givenin given in Col. 1 
of salt. 8-9 (Table I). Col. l at 18°. (HCl=100.) 
Sodium salt. (i.) ii.) (iii. ) (iv.) 
Acetate ....ncccccoee 0-30 N 8-9 0-77 0-87 
Sulphite............. 0-06 ,, 1-8 55 58 
Arsenate ........0006 0-06 _,, 1-8 42 44 
Phosphate.......... 0-05 ,, 1°5 50 53 
Carbonate ......06.6 0-021 ,, 0-62 0-55 0-57 
Borate .occccccccces 0-009 ,, 0-27 0-07 0-07 


It is not strictly logical to compare column i with column iv, 
because in the former acetic acid is taken as the standard although 
its concentration is at least five times as great as that of any other 
acid, whereas in column iv due allowance is made for the varying 
degrees of dilution. In the circumstances, however, it is the only 
method possible, and since weak acids are being dealt with the 
error will not be unduly great. 

It will be observed that the sulphite gives the same result as by 
the carbonate method (table I), and the concentration is practically 
the same. The result for sodium carbonate is much lower than 
before (table II), and approaches more nearly the usually accepted 
value for carbonic acid. The difference in the concentrations in the 
two cases (tables III and V) is far too small to account for the 
alteration. The values for the arsenate and phosphate are in 
keeping with that for the sulphite, the three free acids being 
similar in strength according to conductivity measurements. The 
low figures given in table V, however, indicate that the acids are 
much weaker even than acetic acid, which is not really the case. On 
the other hand, the value obtained for the borate is four times 
greater than that for the free acid. It would appear, therefore, 
that these results are not comparable with those obtained by the 
addition of inhibitors. 

Series of experiments have also been carried out with the object 
of determining the quantities of sodium carbonate required to 
inhibit corrosion in the presence of varying quantities of the sodium 
salts. The results are given in table VI, the concentrations of the 
salts being expressed in terms of normality, whilst the inhibiting 
quantities of sodium carbonate in 10 c.c. of the salt solutions are, 
for the sake of convenience, expressed as c.c. of a normal solution. 
VOL. CV, 8 T 
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TaBLE VI. 
N. N/2. N/2-5. N/3-3. N/4. 


N/5. N/10. N/17. 


— 27 1-05 


Sodium salt. N/20. N/100. 


Chloride....... — — 160 — — 80 


Nitrate ....... 10:0 76 56 — — 36 — — 145 0-75 
Sulphate ...... 4-8 3-2 2-8 — — 2-4 — — 1:40 0-80 
Fluoride ...... — 1-4 _- —- 14 — 1-4 — 1:05 0-75 
Sulphite....... — — —_-_ — —_ — — 0-0* 0-05 0-07 
Acetate ....... —_- — — oor — — — — 024 0-14 


* Auto-inhibition. 


If these results are plotted diagrammatically a distinct resem- 
blance can be traced to the specific conductivity curves of the free 
acids when drawn from the data published by Kohlrausch. Unfor- 
tunately, owing to the limited solubility of the salts employed it is 
not possible to employ high concentrations, and thus to pursue the 
analogy further. It is interesting to observe, however, that the 
acetate curve indicates the existence of a maximum effect,* similar 
to that observed by Kohlrausch, but at a different concentration. 

No attempt is here made to explain these results. The authors 
wish, at this stage of their work, merely to draw attention to the 
interesting connexion between corrosion and ionisation. 


In conclusion, the authors have pleasure in expressing their 
indebtedness to the Research Fund Committee for a grant that has 
defrayed the greater part of the expense entailed by this work. 


VicroriA INstiItuTe, 
WORCESTER. 


CCLXI.—Rotatory Power and Refractivty. Part I. 
The Rotatory Powers, Refractivities and Molecular 
Solution-volumes of Cinchonicine and Borneol in 
Certain Solvents. 


By Davip Henry Pzacocs. : 


Tue close connexion between the physical expressions deduced on 
the electromagnetic theory of light for the optical properties of a 
substance has long been noticed. In practice it is found that such 
a molecular structure as is connoted by the term “conjugated 
double bonds” produces an exaltation of the magnetic and optical 
rotatory powers and of the refractivity. An investigation of the 
rotatory powers, refractivities, and molecular solution-volumes was 
commenced by the author in order to discover if there was any 


Sse} 


* In Kohlrausch’s experiments the maximum specific conductivity occurred at a 
concentration of 2°51. 
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connexion between the two optical properties. While this work 
was in progress a series of papers appeared by Livens (Phil. Mag., 
1913, [vi], 25, 817 et seg.), in which on theoretical grounds an 
expression was deduced connecting refractivity and rotatory power. 
If n is the refractive index of a solution of density d containing a 
solute in concentration c, then: 
v2 — 1 
a(n? — 1) + 1 
and if [a’]=specific rotation per unit length for light of frequency 
p, then: 


r+ad-—ec).... (1) 


re + s(d — c) . 
leJ-"P Trager ae-ep 7 tO 
where r and 7’ and a are constants depending on the solute, and 
s is a constant depending on the solvent. Then we have: 


[a’] = = (n? -1)(n2-141/a). . . . (3) 


These equations are bs given in Livens’ paper. From this last 
equation it will be seen that specific rotatory power should vary in 
the same manner as the expression (m?—1)(n?—1+1/a). No data 
have been hitherto available to test this, and in the present paper a 
few simple cases are considered ; the work is still in progress, and 
more data are being collected. 

From the first equation it will be seen that it should be possible 
to calculate the constant a from the refractivity alone. It is, how- 
ever, more easily calculated from equation (3). If we put c=0 in 
equation (1) then we get: 

n*, — 1 
a(n’) -1) +1 
an equation connecting a with the constants of the pure solvent. 

On the other hand, putting c=190 per cent. in (1) we get an 
expression for the refractive index of the solute at 100 per cent. 
concentration. The quantities can also be deduced from the rotatory 
powers, since we have from (3): 

[a,] _ (,- — 1)(m?, — 1 + 1/4) 
[a,}  (n®, — 1)(n2, — 1 + Ifa) 6 (9) 

Therefore if we know the value of [a,| at a particular concentra- 
tion ¢ and of m,, the refractive index at the same concentration, 
then [a,] or nz at a concentration x can be found if either is known. 
In very dilute solutions it is difficult accurately to measure [a], 
and so from the above equation it can be deduced as the refractive 
index is susceptible of careful measurement; thus trustworthy 
values of [a] at infinite dilution can be obtained. Similarly, from 
the value of [a] in concentrated solutions the value at zero dilution 
81 2 
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can be found by extrapolation, and from this the value of n under 
the same conditions deduced. This quantity may attain some 
usefulness, as hitherto the refractive indices of dissolved substances 
have been almost entirely deduced from the additive formula: 


M vn? - 1 M +1 n?,'- 1 in? - 1 
dw+2~ dy ny +27” din? +2 
where M +1 is the weight of solution containing the gram-molecular 
weight M of the solute, / is the weight of the solvent of density d, 
and refractive index n,, and d, and n, are those quantities for the 
solvent. 

From equation (5) it will also be seen that the specific rotatory 
power can only be independent of the concentration in cases where 
the refractive index of the solution is independent of the concen- 
tration ; in other cases there should be variation with concentration, 
although the amount of this variation cannot at present be pre- 
dicted. 

Pope and Gibson (T., 1912, 101, 1702) describe certain deriv- 
atives of d-sec.-butylamine which show practically no rotatory 
dispersion. It would be interesting to examine also the refraction 
constants of these derivatives in the light of equation (3) given 
above. 

According to the theory on which the equations given are 
deduced, the effect of concentration on specific rotatory power is 
explained solely by the variation in the velocity of transmission 
of light waves in the solution. When a beam of plane polarised 
light is split up on entering an active solution into two beams of 
oppositely circularly polarised light travelling at different velocities 
the retardation, to which the rotation of the plane of polarisation 
is due, is shown by this theory to depend on the optical properties 
of the solvent, and not merely on the active solute. Previous 
theories have explained the effects of concentration and of change 
of solvent by (1) electrolytic dissociation, (2) formation of molecular 
aggregates, and (3) changes in molecular symmetry due to the 
effect of the internal pressure of the molecule. In the present 
paper the data are not very numerous in the cases where a change 
of specific rotatory power with concentration occurs, but it may be 
pointed out that all the above theories ascribe the change to 
an actual variation of the forces acting within the active molecule, 
that is to say, to a change in r’ (equation 3). If, therefore, the 
effect of concentration is due to the above causes, then equation (3) 
will no longer hold as 7’ will depend on e¢, and therefore [a] will 
not be proportional to the quantity (n?—1)(m?—1+1/a). The 
results given in the present communication show that for the solu- 
tions examined [a] is, within reasonable limits, proportional to the 
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refraction expression, and therefore in those cases where [a] depends 
on concentration the dependence is probably not due to the mole- 
cular changes usually invoked to explain this dependence, but is 
due simply “to the variation in the velocity of transmission of 
light.” 

The rotatory powers of the solutions examined were measured in 
2-dem. tubes at 25°, sodium light being used. The solutions were 
made up in 25 c.c. flasks at 25°. The refractive indices of the 
solutions were measured in a Zeiss total reflection refractometer, as 
is used for examining oils technically. The densities were measured 
in pyknometers holding about 10 c.c. 


Borneol, C,yH;,0. 


This was recrystallised from light petroleum. As also found by 
Vanstone (T., 1909, 95, 600), it was partly racemised. This does 
not alter the deductions in the present paper, as only ratios of 
rotatory powers are dealt with. 


TABLE I. 


Alcohol Solutions. 


vy 


p. a. ne. a*;. c.c. [a]. (ni -1) (n5-1+/le). 
11-0162 0-275° 1-3613 0-7889 150 (27-4°) —1-0915 
2-736 1-12 1-3635 0-7921 157 =. 25-8 1-092 
3-586 1-46 1-3636 0-7934 157 =. 25-6 1-093 
5-290 2-15 1-3659 0-7944 (165) 25-5 1-095 
7-541 3-11 1-3682 0-7998 157 25-7 1-099 
9-967 4-15 1-3711 0-8040 161 25-9 1-102 

24-330 10-65 1-3872 0-8278 (144) 26-4 1-117 
35-070 15-70 1-3993 0-8466 157 = 26- 1-124 


p=concentration in grams per 100 grams. 


TABLE II. 


Acetone Solutions. 


s ae 
Dp. a*. ns, a2. c.c, {a]*®. (ni -— 1) (ng-14+1/a) 
10302 0-45° 1-3583 0-7860 158 27-6° — 0-933 
2:9805 1-26 1-3613 0-7925 160 26-3 0-934 
5-0730 2-31 1-3623 0-7960 158 28-6 0-935 
9-9940 4-62 1-3675 0-8035 158 28-7 0-937 
15-322 6-73 1-3739 0-8113 159 27-0 0-941 
19-652 8-73 1-3791 0-8184 (175) 27-1 0-943 
37-697 17-47 1-4005 0-8493 159 27-2 0-949 


Taste III. 


Ethyl Acetate Solutions. 
ow 
p. ee. 02°. di®. c.c. [a]s°. (ni - 1) (ng - 14 1/a). 
0-8699 0-44° 1-3711 0-8953 161 28-2° —0-931 
2-2461 1-12 1-3719 0-8956 162 28-4 0-931 
4-433 2-25 1-3761 0-8976 160 28-2 0-933 
8-951 4-54 1-3790 0-9004 161 28-1 0-934 
17-663 9-18 1-3891 0-9063 160 28-6 0-937 
26-301 13-72 1-3983 0-9127 160 28-5 0-938 
TABLE LV. 
Benzene Solutions. 
& F ep 
p. e.”. n2>, di®. c.c.  [a]é°. (n§-1) (nd -14 Va). 
0-9238 0-43° 1-4995 0-8737 154 (26-6°) - 0-466 
2-3214 1-24 1-4992 0-8747 159 30-5 0-464 
4-586 2-36 1-4985 0-8765 160 29-3 0-460 
11-348 5-78 1-4973 0-8813 161 28-8 0-454 
16-940 8-59 1-4960 0-8864 161 28-6 0-448 
22-455 11-30 1-4953 0:8909 161 28-2 0-445 


The solvents used were not specially purified, but were prepared 
in such quantities that the same sample could be used throughout 
a series of experiments. The benzene and acetone were prepared 
from technical material by drying and fractional distillation. The 
following are the constants: 


TABLE V. 
Solvent ar. n?). 
ES RE ee ee eee 0:7878 1-3602 
MIN, Ldnddonelhdsnakinascses 0-7881 1-3571 
Ethyl acetate ............065 0-8947 1-3701 
BIDE oi hacekiccncdcnccedses’ 0-8728 1-5004 


The specific rotatory power of borneol is seen to depend only to 
a small extent on concentration or solvent; the expression 
(n?—1)(n?-—1+41/a), whilst varying with concentration in the same 
way as does [a], depends to a very great extent on the solvent; in 
the case of benzene which has its refractivity diminished by a solu- 
tion of borneol the expression has a sign opposite to that for the 
other solvents examined, Experiments now in progress show that 
this is not a general effect. Livens (loc. cit.) leaves it apparently 
an open question as to the dependence of a on the solvent. These 
results show that a decidedly depends on the nature of the solvent; 
there is no very apparent connexion between the value of a and the 
refractivity of the solvent. 
It is, however, quite well established that for the simplest case, 
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namely, that in which [a] varies very little with concentration, the 
value of (m*—1)(m?—1+1/a) also shows practically no variation, 
although over the range of concentrations used the values of n?—1 


ee 


and n?—1/n?+2 vary considerably. 


Cinchonicine. 


This was prepared according to Miller and Rohde’s method (Ber., 
1895, 28, 1056). It was purified first by crystallisation of the 
oxalate from water and then by crystallisation of the base from dry 
ether. Only sufficient was available for a limited examination. 


TasBLe VI. 
Alcohol Solutions. 
& V ine 
C. as’. 7. dj°. c.c. [a]3*. (nZ-1) (n3-14+1/a). 
0-1232 0-125° 1-3607 0-7887 75 50-5° —0-413 
0-6240 0-59 1-3617 0-7910 179 47-3 0-413 
0:9528 0-90 1-3630 0-7920 222 47-2 0-411 
2-8900 2-67 1-3667 0-7984 238 46-2 0-407 
4-4612 4-09 1-3695 0-8032 243 45-8 0-404 
8-5548 7-69 1-3796 0-8169 247 44-9 0-392 
9-3000 8-32 1-3800 0-8186 259 44-2 0-390 
TaBLe VII. 
Acetone Solutions. 
a F ws 
c. a. nz. aj’. c.c. [az*]. (n5- 1) (ng-1+41/a). 

0-5160 0-58° 1-3579 0-7898 249 56-2° —0-438 
2-1136 2-17 1-3614 0-7951 244 50-2 0-435 
4-1592 4-05 1-3662 0-8015 253 48-7 0-430 
6:0348 5-92 1-3711 0-8100 238 49-0 0-425 
8-8712 8-60 1-3774 0-8152 260 48-5 0-418 


c=concentration in grams per 100 c.c. 


Roques (Compt. rend., 1895, 120, 1170) gives [a],, in alcohol for 
cinchonicine as 48°25°, but gives no account of a dependence on 
concentration. The above results show that in both alcohol and 
acetone [a] decreases with increasing concentration. In both cases 
[a] and (n2?—1)(m?—1+41/a) are very closely proportional ; thus for 
this simple case of dependence on concentration Livens’ suggestion, 
that the dependence is due simply to the variation in optical proper- 
ties of the medium, seems to be true. If the dependence had been 
due to dynamic isomerism or a similar cause then [a] and 

(n?—1)(n?—-1+1/a) 
would not have varied together as has been explained in the 
introduction. 
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For alcohol solutions the values of ,V, increase with concentra- 
tion. If tnis were a real and not an apparent phenomenon then 
it would be expected that the corresponding deformation of the 
molecule would lead to considerable variation in [a]; but a deforma- 
tion of the molecule would lead to a variation in 7’ (see equation 3), 
and [a] and (m?—1)(n?—1+1/a) would not vary together, whilst in 
actual experiment they are very closely proportional. The varia- 
tion in ,V is therefore probably, at least in part, fictitious, and 
due to alterations in the volume occupied by the alcohol molecules. 
Thus by this method the effect of an active solute on the molecular 
volume of a solvent can be at any rate qualitatively examined. 
Since at présent there does not seem to be any mathematical theory 
for the mutual effects on density of solvent and solute, this indirect 
method seems the only mode of attack; the theory of solution in 
this respect lags far behind the optical theory. 

Passing from alcohol to acetone both [a] and 

(n? —1)(n?-—-1+41/a) 
increase. A reference to table X shows that a for these two solu- 
tions is approximately constant. In the case of acetone, although 
the variation of [a] with concentration is as great as that for 
alcohol solutions, the values of ,V, for acetone solutions show no 
such great dependence on concertration. 


Benzoylcinchonicine. 


Solutions of this substance were examined in order to see whether 
a or (n?—1)(n?—1+1/a) showed any constitutive effect. 


Taste VIII. 
Acetone Solutions. 


sVin 


@ >. iy. diy. [a],. ce. (mZ—1) (nz—1+ 1a). 
0-9448 0-735° 1-3581 0-7916 38-9 322 — 0-803 
2-5280 1-93 1-3623 0-7973 (38-2) 322 0-804 
4-1584 3°25 1-3651 0-8033 39-1 322 0-804 
6-2128 4-86 1-3726 0-8102 39-2 325 0-806 

TaBLeE IX, 
Alcohol Solutions. 
a 

e. Gp. Nps dg*. [a]p. c.c. (n5—1) (n5-141/a). 

0-9704 088° 1-3621 0-7911 45-3° 329 — 0-932 


2:1028 1-80 1-3647 0-7954 42-8 320 0-880 
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TABLE X. 
Values of a for the Solutions Examined, 

Substance. Solvent. a. l/a. 
Cinchonicine ............ Alcohol —0-747 — 1-337 
Pe ae = FeePW Enters Acetone —0-733 — 1-363 
Benzoyleinchonicine ... Alcohol —1:036 —0-964 
a0 ... Acetone — 0-557 — 1-795 
pO renee Alcohol — 0-468 — 2-132 
Acetone —0-513 — 1-948 
Ethyl acetate —0-515 —1-938 
Benzene —1]-141 — 0-876 


Benzoylcinchonicine shows a decrease in both [a] and 

(n? —1)(n?-1+41/a) 
on passing from alcohol to acetone, the reverse of the case for 
cinchonicine. There is no very apparent constitutive connexion 
between the value of a or (n?--1)(n?—1+1/a) for cinchonicine and 
its benzoyl derivative; both of these quantities depend too greatly 
on the nature of the solvent. However, the results obtained with 
the acetone solutions confirm the interdependence of [a] and 
(n?—1)(m?—1+1/a). In passing from alcohol to acetone the values 
of [a] for benzoyleinchonicine decrease considerably, whilst the 
values of ,V show no very great variation. 

For the cases examined in the present paper confirmation has 
been obtained of the theory that where variations in [a] occur they 
are due to variations in the velocity of transmission of light within 
the medium, and not to causes directly affecting the degree of 
asymmetry of the molecule. It has, furthermore, been shown how 
evidence can be obtained as to the effect of a solute on the density 
of a solvent. 

Further work is in progress on these lines, and with the addi- 
tional object of obtaining a value for the refractivity of an active 
solute. 


In conclusion, the author wishes to express his thanks to the 
Nobel’s Explosive Company, Ardeer Factory, and to Mr. W. 
Rintoul, F.I.C., Manager of the research section, for the facilities 
afforded for carrying out this work and permission to publish the 
results. 
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CCLXII.—Substitution in Aromatic Hydroxy-com- 
pounds. Purt II. Acetyl-nitro-substitution. 


By Victor JoHN HarpDInc. 


By the term acetyl-nitro-substitution is meant the displacement of 
an acetyl group by a nitro-group. This displacement can be effected 
by the action of nitric acid on certain methoxyacetophenones, and 
it is believed to be direct, without the formation of any inter- 
mediate hydrogen-substituted compound. So far as it has been 
studied, it is dependent on the presence of methoxy-groups in the 
benzene nucleus and on the position of the acetyl group. It is not 
thought, however, that acetyl-nitro-substitution differs fundament- 
ally from the substitution of a hydrogen atom by the nitro-group 
(hydrogen-nitro-substitution), methoxy-groups merely enabling the 
nucleus to be more readily nitrated and thus giving an opportunity 
for the less mobile acetyl group to be substituted more easily than 
would otherwise have been the case. 

The only instance in the literature of acetyl-nitro-substitution is 
the observation of Harding and Weizmann (T., 1910, 97, 1131), 
who found that 4:5-dimethoxy-o-toly] methyl ketone very readily 
gave 4-nitrohomocatechol dimethyl ether when treated with nitric 
acid : 


OMe OMe 
OMe’ \ OMe” \ 
Me = Mer 
hes \ 7 
pa Xo, 


The displacement of the aldehyde group by the nitro-group 
(formyl-nitro-substitution) in aromatic methoxy-aldehydes, however, 
had been studied by Salway (T., 1909, 95, 1155), who drew the 
conclusion that the displacement was direct. 

The analogous case of the displacement of a carboxyl group by a 
nitro-group (carboxyl]-nitro-substitution) was discussed in the first of 
this series of communications (T., 1911, 99, 1585). From a number 
of examples and the author’s own experimental work, it was 
deduced that: 

(a) The substitution was direct, without the intermediate forma- 
tion of the parent phenol ether. 

(6) The substitution took place only when the carboxy) group 
occupied a position which in the parent phenol ether was active 
towards nitric acid. 

The present communication, which deals with acetyl-nitro-substi- 
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tution, is a study of the action of nitric acid on a series of methoxy- 
acetophenones. 


(a) p-Methoxyacetophenone, OMe*C,H,*COMe. 


The action of nitric acid on this ketone was first studied by 
Gattermann, Ehrhardt, and Maisch (Ber., 1890, 28, 1202). The 
use of a mixture of concentrated sulphuric acid and nitric acid 
resulted in the formation of di-4-methoxybenzoylfuroxan (dianisoyl- 
glyoxime peroxide) : 

OMe:C,H,°CO-C 
OMe-0,H,-C0"67 N20” 

On the other hand, Pope (P., 1912, 28, 331) obtained the normal 
nitration product, 3-nitro-4-methoxyacetophenone. 

The latter result the author has confirmed, but by using nitric 
acid alone has obtained on two occasions the furoxan and at other 
times the nitro-ketone. 

Acetyl-nitro-substitution does not take place in pmethoxyaceto- 
phenone, and Salway (loc. cit.) failed to find any formyl-nitro- 
substitution during the nitration of anisaldehyde. The nitration of 
anisic acid, however, by a mixture of warm concentrated sulphuric 
and nitric acids results in carboxyl-nitro-substitution, a mixture of 
2:6-dinitroanisic acid and 2:4-dinitroanisole being obtained : 


OMe OMe OMe 

/ \no, nie os —_— NO,/ NNO, 

\Z Y, \/ 
No, O,H 6O,H 


(compare Cahours, Annalen, 1849, 69, 236). 


(b) 3:4-Dimethoryacetophenone. 


The action of nitric acid on this ketone does not appear to have 
been studied previously. In the cold or in warm glacial acetic acid 
solution, acetyl-nitro-substitution takes place very readily with the 
formation of 4 :5-dinitroveratrole: 


OMe OMe 

OMe” \ OMe” \ 
—_> ‘NO, ° 

— PA 

Ac NO, 


(c) 3:4:5-Trimethoxryacetophenone. 


This ketone has previously been prepared by Mauthner (J. pr. 
Chem., 1910, [ii], 82, 275) by the action of diazomethane on gall- 
aldehyde trimethyl ether, and by the acid hydrolysis of ethyl 
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3:4:5-trimethoxybenzoylacetate. The melting point, as stated by 
Mauthner, is 72°. Bogert and Isham (J. Amer. Chem. Soc., 1914, 
36, 514) repeated the preparation from ethyl 3:4 :5-trimethoxy- 
benzoylacetate, and gave the melting point as 78°. The author has 
prepared this ketone, however, by the following series of reactions: 
OMe OMe OMe 


OMe/ OMe FS: OMe” NoMe Xi OMe YOMe 


\/ \Z ra 
6O,H Coc! CO-NH, 
OMe OMe 
2m OMe“ \OMe ae OMe OMe 
4 4 bd 
CN Ac 


The preparation of gallamide trimethyl ether has been described 
in a previous paper (Harding, T., 1911, 99, 1593), and its con- 
version into the nitrile is easily effected by the use of phosphorus 
pentachloride in hot benzene solution. Up to this point the yields 
are excellent, but the conversion of gallonitrile trimethyl ether into 
3:4:5-trimethoxyacetophenone does not proceed as smoothly and 
in as good a yield as might be expected from analogous reactions. 
Large amounts of a nitrogenous substance are produced, which 
possesses the empirical constitution C,,H,.0,Ng¢, is soluble in sodium 
carbonate solution, and gives rise to an insoluble potassium salt 
when treated with 50 per cent. aqueous potassium hydroxide. The 
ketone is formed only in small amounts, and is separated from the 
unchanged nitrile by taking advantage of the insolubility of the 
latter in cold dry ether. 3:4:5-Trimethoxyacetophenone crystal- 
lises from light petroleum in needles, melting at 77—79°, and gives 
a piperonylidene derivative melting at 130—131°. 

The action of nitric acid on this ketone was as expected from 
its analogy to gallic acid trimethyl ether and myristicinaldehyde. 
Acetyl-nitro-substitution takes place very readily, and 5-nitropyro- 
gallol trimethyl ether is produced. Moreover, the substitution is a 
direct. one, for had there been the formation of intermediate 
products in any recognisable amount, such as gallic acid trimethyl 
ether from the oxidation of the ketone or pyrogallol trimethyl 
ether from its hydrolysis, the occurrence of these compounds would 
have become evident by the finding in the nitration product of 
nitrogallic acid trimethyl ether or 2:6-dimethoxybenzoquinone 
(Part I). 

Neither of these two compounds was found, although both are 
easily identified, and thus it is believed that the acetyl-nitro-substi- 
tution is direct. 
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(d) 2:3:4-Trimethoxyacetophenone. 


This well-known ketone has always been prepared by the methyla- 
tion of 2-hydroxy-3 : 4-dimethoxyacetophenone (Perkin and Wilson, 
T., 1903, 83, 129; David and Kostanecki, Ber., 1903, 36, 2191; 
Biilow and Schmid, Ber., 1906, 39, 214). Unsuccessful attempts 
were made to prepare it directly from the condensation of acetyl 
chloride and pyrogallol trimethyl ether through the agency of 
aluminium chloride. Even although the reaction was only allowed 
to proceed a couple of hours and the temperature kept at 0°, the 
product of the reaction was always the hydroxy-ketone, the methyl 
group in position 3 being hydrolysed. Using ferric chloride, how- 
ever, as a condensing agent, partial success was attained. 
2:3:4-Trimethoxyacetophenone was produced, although only in 
small amount, and its identity established by means of its 
piperonylidene derivative. 

The action of cold concentrated nitric acid on 2:3: 4-trimethoxy- 
acetophenone gives rise to 6-nitro-2 : 3 : 4-trimethoxyacetophenone : 


OMe OMe 
OMe/ \orte idk OMe” OMe, 
a Ac 

Ko, 


The position 6, and not 5, is assigned to the nitro-group from the 
analogous reactions of nitric acid on pyrogallolcarboxylic acid tri- 
methyl ether (Harding, T., 1911, 99, 1585) and on its methyl ester 
(Pollak and Goldstein, Annalen, 1907, 351, 161). 

The nitro-ketone, however, was isolated only as its piperonylidene 
derivative, and even that proved extremely difficult, and it is 
easily conceived that in the oily nitration mixture which was 
obtained, 4-nitropyrogallol trimethyl ether might have existed and 
its presence remained undetected. In this way evidence of acetyl- 
nitro-substitution might have been overlooked. In order to throw 
further light on this point, 2:3:4-trimethoxyacetophenone was 
submitted to the vigorous action of warm nitric acid. If any 
4-nitropyrogallol trimethyl ether had been produced in the less 
vigorous nitration it would certainly have shown itself in the more 
extended action as 4:5-dinitropyrogallol trimethyl ether (compare 
Thoms and Siebeling, Ber., 1911, 44, 2115). No 4: 5-dinitropyro- 
gallol trimethyl ether was found, and the only product isolated 
from the vigorous nitration of 2:3:4-trimethoxyacetophenone was 
a compound which from its elementary analysis corresponded with 
di-6-nitro-2 : 3 :4-trimethoxybenzoylfuroxan : 

NO,*C,H(OMe),"CO-C. 0 
NO,*C,H(OMe),*CO-C~  ? 
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Thus it will be seen that the evidence is quite against the occur- 
rence of 4-nitropyrogallol trimethyl ether in the oily nitration 
product of 2:3:4-trimethoxyacetophenone. Acetyl-nitro-substitu- 
tion does not take place when the acetyl group occupies position 4 
in pyrogallol trimethyl ether. In this way acetyl-nitro-substitution 
is quite analogous to carboxyl-nitro-substitution. In neither case 
does the substitution take place except when the acetyl or carboxyl 
group occupies a position which is active towards nitric acid in 
the parent phenol ether. The distribution of forces set up by the 
methoxy-groups determines the position entered by the nitro-group 
whether the group previously attacked be hydrogen, acetyl, or 
carboxyl. The corresponding case for the aldehyde group has not 
yet been experimentally determined, although the author has no 
doubt that it will be found to follow the same rule. 

In the next communication, which will follow shortly, an account 
will be given of a series of experiments on the action of nitric acid 
on a number of polymethoxy-derivatives of benzene in the presence 
of carbamide and of hydrogen peroxide. 


EXPERIMENTAL. 
Action of Nitric Acid on p-Methoxyacetophenone. 


Five grams of p»methoxyacetophenone were dissolved in 20 c.c. 
of concentrated nitric acid and allowed to remain overnight. On 
pouring into water an oily solid separated, which soon hardened, 
and on being submitted to a process of fractional crystallisation 
from alcohol proved to be entirely 3-nitro-4-methoxyacetophenone. 
No mono- or di-nitroanisole was found (Pope, P., 1912, 28, 331). 

In another experiment in which the time of reaction was only 
fifteen minutes much unchanged ketone was recovered, and a small 
amount of di-pmethoxybenzoylfuroxan was isolated. The latter 
compound was identified by its melting point and analysis. The 
formation of any nitro-ketone was not observed, although the whole 
of the recovered pmethoxyacetophenone was converted into its 
piperonylidene derivative and fractionally crystallised. 


3-Nitro-4-methozyphenyl 3:4-Methylenedioxystyryl Ketone, 
CH,<0>C,H,:CH:CH-CO-C,H,(NO,)-OMe. 


This unsaturated ketone is readily obtained by condensing 
3-nitro-4-methoxyacetophenone and piperonal in alcoholic solution 
by a trace of potassium hydroxide. The ketone separates instantly 
from the alcoholic solution, and is purified by crystallisation from 
glacial acetic acid, from which it separates in needles melting at 
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194°, Its solution in concentrated sulphuric acid is reddish- 
purple: 
0°1301 gave 0°2979 CO, and 0°0501 H,O. C=62°4; H=4:2. 
C,,H,,0,N requires C=62°4; H=4'0 per cent. 


Action of Nitric Acid on 3:4-Dimethoxyacetophenone, Formation 
of 4:5-Dinttroveratrole. 


One gram of 3:4-dimethoxyacetophenone was dissolved in 10 c.c. 
of concentrated nitric acid, and the reaction kept under control by 
a stream of running water. At the end of ten minutes the product 
was poured into water, and the yellow solid which separated was 
collected and purified by crystallisation from alcohol. It crystal- 
lised in bright yellow needles, melting at 131—132°, and was 
found to be identical with 4:5-dinitroveratrole. 

One gram of 3 :4-dimethoxyacetophenone was dissolved in 10 c.c. 
of glacial acetic acid, 2 c.c. of concentrated nitric acid were added, 
and the solution was warmed. A vigorous reaction occurred, and 
when this had subsided the product was cooled and poured into 
water, when 4: 5-dinitroveratrole separated and was easily identified. 


OMe 
OMe ‘oMe, 


\Z 
GN 


This nitrile has previously been described by Heffter and Capell- 
mann (Ber., 1905, 38, 3634), who obtained it by heating together 
a mixture of gallic acid trimethyl ether and lead thiocyanate, 

It has also been described by Semmler (Ber., 1908, 41, 1918), 
who prepared it by boiling oximinogallaldehyde trimethyl ether for 
half-an-hour with acetic anhydride. The melting point is given as 
95° by Heffter and Capellmann and 93° by Semmler. Gallonitrile 
trimethyl ether is very readily and conveniently prepared from 
gallamide trimethyl ether (Harding, T., 1911, 99, 1593) by the 
action of phosphorus pentachloride. The two substances were 
mixed in equimolecular amounts in the presence of a little benzene, 
and heated together for a couple of hours in boiling water. The 
benzene and phosphoryl chloride were then removed by distillation 
under diminished pressure. Any attempt, however, to distil the 
nitrile at this stage resulted in decomposition, and therefore the 
product was partly purified by crystallisation from aqueous alcohol. 
The nitrile was then distilled under diminished pressure, and 
finally purified by crystallisation from methyl alcohol. The melting 
point was found to be 93°, and the yield 70 per cent. (Found, 
N=7'2. C,)H,,0O,N requires N=7'2 per cent.). 


Gallonitrile Trimethyl Ether, 
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OMe 


a 
3:4 :5-Trimethoxyacetophenone, ai p=. 


\4 
Ac 


Three grams of magnesium and 15 grams of methyl iodide were 
converted into magnesium methyl iodide in ethereal solution. The 
greater part of the ether was removed by distillation, and an equal 
amount of benzene added. A solution of gallonitrile trimethyl 
ether (20 grams) in benzene was then added, and the reaction 
allowed to continue for eighteen hours on a gently-heated water- 
bath. The vellow, insoluble product was decomposed by ice and 
dilute hydrochloric acid. More ether was added, and the aqueous 
solution extracted with a further quantity of ether. The combined 
ethereal extracts were washed with water, dilute sodium carbonate 
solution, and dilute aqueous potassium hydroxide in turn. The 
sodium carbonate washings were reserved (p. 2799). The ethereal 
extract was finally washed with dilute hydrochloric acid, dried, 
evaporated, and the residual oil fractionated under diminished 
pressure. The fractions of higher boiling point which became 
partly solid were then triturated two or three times with pure dry 
ether. This dissolved the ketone and a small amount of oil, leaving 
the nitrile, which is almost insoluble in pure dry ether. The 
ethereal solution was filtered and evaporated, when the residual oil 
crystallised on keeping. The ketone crystallised from light petrol- 
eum in needles melting at 77—-79° (Found, C=62°6; H=6°8. 
Calc., C=62°8; H=6'6 per cent.). 


3:4:5-Trimethoxryphenyl 3:4-Methylenedioxystyryl Ketone, 
CH,<6>0,H,CH:CH-CO-C,H,(OMe),. 


This derivative is prepared in an exactly similar manner to the 
isomeric 2:3 :4-trimethoxyphenyl 3:4-methylenedioxystyryl ketone 
(p. 2797). It crystallises from alcohol in bright yellow needles, 
melting at 130—131°, and dissolves in concentrated sulphuric acid 
with a reddish-violet coloration : 

0°1179 gave 0°2907 CO, and 0°0583 H,O. C=67°3; H=5°5. 

C,9H,s0, requires C=66°6; H=5'5 per cent. 

An oily phenylhydrazone, Cy;Hy,03N,, was obtained by the con- 
densation of 3:4:5-trimethoxyacetophenone and phenylhydrazine 
in acetic acid solution. 


* 
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Action of Nitric Acid on 3:4:5-Trimethoayacetophenone : 
Formation of 5-Nitropyrogallol Trimethyl Ether. 


Half a gram of the ketone was dissolved in 2 c.c. of warm 
glacial acetic acid, and 0°5 c.c. of concentrated nitric acid added. 
There was an instantaneous reaction, and the product was heated 
on the water-bath until the copious evolution of nitrous fumes had 
ceased. On cooling and pouring into water, 5-nitropyrogallol 
trimethyl ether was precipitated, and was readily identified by 
its crystalline form (from alcohol) and its melting point. When 
mixed with a specimen of 5-nitropyrogallol trimethyl ether prepared 
from pyrogallol trimethyl ether the melting point remained 
unaltered. 

OMe 


Me“ OX 
2:3:4-Trimethoxyacetophenone, — ag 


ai 

Fifteen grams of pyrogallol trimethyl ether and 9 grams of 
acetyl chloride were dissolved in carbon disulphide, 15 grams of 
anhydrous ferric chloride added, and the reaction was allowed to 
continue overnight. The black product was decomposed by ice and 
dilute hydrochloric acid, the carbon disulphide removed by distilla- 
tion in a current of steam, and the residual, dark-coloured, oily 
solid extracted by means of ether. The ethereal extract was washed 
with dilute potassium hydroxide, which removed much 2-hydroxy- 
3 :4-dimethoxyacetophenone, dried, and distilled, when an oil boil- 
ing at 295—297° passed over. This was identified by analysis 
(Found, C=62°7; H=6'6; C,,H,,0O, requires C=62°8; H=6°6 per 
cent.) and by its piperonylidene derivative as 2:3 :4-trimethoxy- 
acetophenone. 


2:3:4-Trimethoryphenyl 3:4-Methylenedioxystyryl Ketone, 
CH,<2>C,l,-CH:CH-CO-0,H,(OMe),, 


This derivative was prepared by mixing equimolecular amounts 
of piperonal and 2:3:4-trimethoxyacetophenone in alcoholic solu- 
tion, and condensing them by means of a few drops of 50 per cent. 
aqueous potassium hydroxide and boiling. The product was cooled, 
a little water added, and the piperonylidene compound separated 
out as an oily solid, which rapidly hardened. It crystallises from 
alcohol in stout needles, melting at 101—102°, and dissolves in 
concentrated sulphuric acid with a deep red colour: 

0°1188 gave 0°2953 CO, and 0°0594 H,O. C=66°9; H=5°5. 

C9H,,0, requires C=66°6; H=5'5 per cent. 
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The same piperonylidene derivative is obtained by the condensa- 
tion of piperonal with 2:3:4-trimethoxyacetophenone prepared 
either by the direct condensation of acetyl chloride and pyrogallol 
trimethyl ether through the agency of ferric chloride (see above) 
or by the methylation of 2-hydroxy-3 :4-dimethoxyacetophenone 
(compare Perkin and Wilson, T., 1903, 88, 129). 


Action of Nitric Acid on 2:3:4-Trimethoxyacetophenone. 


(a) Formation of 6(?)-Nitro-2 :3 :4-trimethoxyacetophenone, 
OMe 
OMe \OMe. 


{ Ac 
‘i 
NO, 


Two grams of 2:3:4-trimethoxyacetophenone were dissolved in 
concentrated nitric acid, and the solution was kept cold for fifteen 
minutes by immersion in running water. There was no violent 
reaction, and at the end of that time the solution was diluted with 
much water, when a heavy oil separated, which did not solidify on 
keeping. In order to determine whether this oil consisted chiefly 
of unchanged 2:3:4-trimethoxyacetophenone or a nitro-ketone, it 
was converted into its piperonylidene derivative. The oil was 
extracted by means of ether, the ethereal solution washed with 
dilute sodium carbonate solution, dried, and evaporated. The 
residual oil was dissolved in boiling alcohol, a considerable excess 
of piperonal added, and a few drops of aqueous potassium hydr- 
oxide. Condensation took place readily, the piperonylidene com- 
pound separating as a red oil, which could not be obtained in a 
solid condition. The alcoholic solution was diluted with water, and 
the whole of the red oil which separated was extracted by means 
of ether. The ethereal solution was then washed several times 
with a concentrated solution of sodium hydrogen sulphite to remove 
the excess of piperonal, dried, and evaporated. This residual oil 
was almost insoluble in cold alcohol, but dissolved readily in the 
boiling solvent, which, on cooling, deposited the piperonylidene 
compound as an oil. By exposure to a temperature of about — 15° 
for more than a week, however, the oil solidified, and a pale yellow 
solid was obtained, which crystallised from alcohol and melted at 
96—97° to a deep yellow liquid. The almost colourless crystals, 
however, always contained some of a deep yellow colour, but after 
several crystallisations the whole changed into a deep yellow modi- 
fication. This melted at 111—112°, dissolved in concentrated 
sulphuric acid with a reddish-yellow colour, and evidently con- 
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sisted of 6-nitro-2:3:4-trimethoxyphenyl 3: 4-methylenedioxystyryl 
ketone: 
0°1188 gave 0°2541 CO, and 0°0432 H,O. C=58'4; H=4°0. 
01749 ,, 7°2c.c. Ng (moist) at 25° and 758 mm. N=4'5. 
C,,H,;,0,N requires C=58'9; H=4°3; N=3'6 per cent. 


(b) Formation of Di-6-nitro-2 :3 :4-trimethoxybenzoylfuroxan, 
NO,°C,H(OMe),°CO C 
NO,*C,H(OMe),-CO-C7 N20 


This action of hot concentrated nitric acid on 2:3: 4-trimethoxy- 
acetophenone was investigated in the hope that acetyl substitution 
would occur, and as a result that 4: 5-dinitropyrogallol trimethyl 
ether would be isolated. One gram of 2:3:4-trimethoxyaceto- 
phenone was dissolved in concentrated nitric acid and the solution 
boiled until the vigorous reaction, which had set in, ceased. The 
product was diluted with water, when a slightly oily solid was 
precipitated. The water was decanted, and on adding alcohol the 
product became completely solid. It was collected and purified by 
crystallisation from benzene, from which it separated in small, 
faintly yellow needles: 


0°1217 gave 0°2098 CO, and 0°0413 H,O. C=47:0; H=3°7. 
Cy9H590,4N, requires C=46°9; H=3'5 per cent. 

' y Di-6-nitro-2 :3:4-trimethoxybenzoylfurozxan is insoluble in water, 
, : alcohol, or dilute sodium carbonate, but dissolves in hot acetic 
, ; acid. No 4:5-dinitropyrogallol trimethyl ether was isolated from 
| ‘ the mother liquors. 

: | Isolation of a Compound, Cy,H.O0;N>, from the Action of 

1 Magnesium Methyl Iodide on Gallonitrile Trimethyl Ether (p. 2795). 
s | The sodium carbonate washings from the Grignard reaction 
Ss (p. 2796) were evaporated on the water-bath for a short time to 
e remove the ether, cooled, and 50 per cent. aqueous potassium 
il hydroxide was added until no more precipitate appeared. The pre- 
e cipitated potassium salt was collected, suspended in warm water, 
e 6f and decomposed by dilute hydrochloric acid, when an oil was 
r precipitated which solidified on cooling. The solid was collected 
W and purified by crystallisation from benzene, from which it 
ut separated in small prisms melting at 125—126°: 

8, 0°1236 gave 0°2773 CO, and 0°0564 H,O. C=61:1; H=5'l. 

od 0°2280 required 11°6 c.c. V/10-H,SO,. N=6°6.* 

i- C,,H,,0,N, requires C=60°9; H=5°3; N=6°7 per cent. 

d C,,H,O,N, 4, C=6l:1; H=49;N=68 ,,_,, 

n- 


* Other analyses gave C=61'2; H=5°2; N=6'5. 
8 u 2 
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It was found that a determination of the basicity of the acid by 
titration with normal alkali gave untrustworthy results, the end- 
point with phenolphthalein being extremely indefinite. 


In conclusion, I desire to thank the Research Fund Committee 
of the Chemical Society for the grant which has defrayed part of 
the cost of this investigation. 
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CCLXIII.—The Mechanism of the Action of Fused 
Alkalis. Part I. The Action of Fused Potassiwm 
Hydroxide on Dihydroxystearic Acid and 
Dihydroxybehenie Acid. 

By Henry Ronpet Le Sueur and Jonn CuarLtes WITHERS. 


One of the stages in a method for the determination of the consti- 
tution of fatty acids (Crossley and Le Sueur, T., 1899, 75, 161; 
1900, 76, 83) consists in the oxidation of the dihydroxy-derivative 
of the acid under investigation by means of chromic acid, and it 
was pointed out at the time that when dealing with a higher fatty 
acid the insolubility of its hydroxylated derivative might render 
this oxidation a difficult operation. It was thought that fusion of 
the hydroxylated derivative with potassium hydroxide might 
replace the oxidation with chromic acid, and in order to investi- 
gate this point one of us (Le Sueur, T., 1901, 79, 1313) fused 
dihydroxystearic acid with potassium hydroxide in the hope that 
oxidation would take place thus: 


CH,-[CH,],-CH(OH)-CH(OH)-[CH,],,CO,H —> 
CH,°[CH,],,CO,H - CO,H:[CH,],-CO,H. 


The results obtained, however, were quite different, and it was 
shown that the main product of the action was a monohydroxy- 
dicarboxylic acid of the formula C,,H,,0;. The present investiga- 
tion deals with the constitution of this acid and also of a similar 
acid obtained by the fusion of dihydroxybehenic acid with potassium 
hydroxide. 

When the acid C,,H,,0; is oxidised with potassium permanganate 
in acetone solution it is quantitatively converted into a ketomono- 
carboxylic acid having the formula C,,Hg.0,; and when it is heated 


a 


OF THE ACTION OF FUSED ALKALIS. PART I. 2801 


alone and above its melting point it readily loses water and two 
isomeric unsaturated dicarboxylic acids, C,gHs 0O,, are produced. 
These facts led us to suppose that the acid C,,H,,0; was a 
B-hydroxy-acid having the constitution 
CO,H-CH,°CH(OH)-[CH,]|,,°CO,H. 
Such an acid would give on oxidation the ketonic acid, 
CO,H-CH,°CO-[CH,],,°CO,H (1), 

and the latter would readily lose carbon dioxide to give the acid, 
CH,°CO-[CH,],,°;>CO,H. Although the free acid (I) possibly could 
not be* isolated, one would expect that its ethyl ester would be 
sufficiently stable to admit of this being done. We accordingly 
treated the ethyl ester of the acid, C,,H.,O;, with oxidising agents, 
but in spite of a large number of experiments we were unable to 
i obtain the desired ester ; either no oxidation took place or if it did 
n then carbon dioxide was lost simultaneously, and the acid C,,H 0, 
ll was produced. We then decided to determine the constitution of 
. this ketonic acid, and for this purpose it was treated with hydroxyl- 
amine, and the resulting oxime converted into the corresponding 
amides by -heating with concentrated sulphuric acid, and these 
amides were hydrolysed by heating with hydrochloric acid. The 
products of the hydrolysis were identified as n-nonoic acid, octyl- 
3 Ud amine, azelaic acid, and y-amino-v-octoic acid. From this it 


= 
eee 


- follows that the ketonic group is in the middle of the chain, and 
* that the above products are formed as follows: 
ry 
|) CHy[CH,},CO-[CH,],CO,H <p 
* CH,;[CH,],,C(NOH)-[CH,],-CO,H 
Li- |H2S0, 
ed ff as 
at ff Yn 

. CH;*[CH,],;>CO-NH-[CH,],-CO,H \ 

f | 20 CH;°|CH, |,-NH-CO-|CH, ],-CO,H 
a y | 20 
cy- CH,-[CH,],-CO,H + NH,-[CH,],-CO,H % 
a CH,°[CH,],;-NH, + CO,H-[CH,],-CO,H 
ar 7 
im The position of the carbonyl group and, of course, of the CH-OH 

group which gives rise to it, having been established, it now 

ate remained to determine the position of the carboxyl group which is 
no- eliminated in the formation of the ketonic acid by the oxidation 


ted of the acid C,gH,,0;. It was natural to suppose that it was at the 
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end of the chain, and that the constitution of the acid C,.H,,0, 
was CO,H-[CH,]|,*°>CH(OH)-[CH,],-CO,H. The loss of water when 
such an acid is heated and of carbon dioxide when it is oxidised 
are difficult to explain, and this difficulty led us to investigate it 
further. 

It has been stated already that when the acid C,,H,,0; is heated 
above its melting point it readily loses water to give the unsaturated 
acids C,,H,,0,, and on submitting these to oxidation so as to break 
the chain the following acids were obtained: n-octoic, n-nonoic, 
suberic, and azelaic. ‘The occurrence of azelaic acid in the oxida- 
tion products shows that the group *C-[CH,],-C: is present*in the 
parent acid, and the formation of n-nonoic acid under like condi- 
tions is evidence that the group CH,*[CH,],"C* is also present. 
These results point to the conclusion that one of the carboxyl 
groups is near the middle of the chain, and this is supported by the 
fact that when the unsaturated acids formed by the loss of water 
from the-acid C,,H;,0,; are reduced with hydrogen in the presence 
of platinum black a saturated dicarboxylic acid, C,,H,,0,, melting 
at 71°5—72°5°, is obtained, whereas the normal dicarboxylic acid, 
CO,H°[CH,];,_°>CO,H, melts at 118°. This and other considerations 
led us to the conclusion that one of the carboxyl groups and the 
hydroxyl group were attached to one and the same carbon atom, 
and that the acid C,.H,,0; was a-hydroxy-a-octylsebacic acid, 
CH;°[CH,],»>C(OH)(CO,H)-[CH,],,CO,H. This was proved to be 
correct beyond all doubt by the actual synthesis of the acid by 
means of the hydrogen cyanide method thus: 


CH, CH, CH, 
I I I 
[CH,}, [CH], [CH], 
ee) HON C(OH)-CN = _#0 C(OH):C0,H 
l | | 
[CBe), [CH] [CH], 
CO,H CO,H CO,H 


The synthetic acid had all the properties of the original acid; 
thus when oxidised with potassium permanganate it gave the 
ketonic acid C,,;Hg,03, melting at 78°5°, and when heated it readily 
lost water to give a product which readily reduced potassium 
permanganate, etc. 

The identification of n-octoic acid, n-nonoic acid, suberic acid, 
and azelaic acid as the products of the oxidation by potassium 
permanganate of the unsaturated acids produced by the removal of 
the elements of water by heat from a-hydroxy-a-octylsebacic acid 
shows that this loss takes place in two directions thus: 
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CH, CH, 
[CH], [CH], 
H 
—_ - KMn0, 00, + CO 
C-CO,H > CO,H 2 
CH I 
i ay [CH]; [CH,), 
[CH], , CO,H CO,A 
C(OH):CO,H _bet, 
l CH CH 
[CH], al he 
CO,H (CH), [CH], 
| C-CO,H _KMn0% CO,H + 0, 
eae i} 7 
> OH CO,H 
| 
[CH,], [CH], 
CO,H CO,H 


The product of the fusion of dihydroxystearic acid with potass- 
ium hydroxide also contains small quantities of a second acid, 
which we find to be identical in all respects with the ketonic acid, 
C,,Hz,03, melting at 78°5°, and produced by the oxidation of the 
acid C,,H;,0, with potassium permanganate. That the occurrence 
of this ketonic acid amongst the products of the fusion is due to 
the further oxidation of the acid C,,H,,0O, is proved by the fact 
that it is formed when the acid C,,H;,0; itself is fused with 
potassium hydroxide. 

In the previous communication (T., 1901, 79, 1313) dealing with 
the fusion of dihydroxystearic acid with potassium hydroxide the 
formula C,,H,,0, was erroneously assigned to this second acid 
found amongst the products of the fusion. This error is easily 
accounted for when one remembers that the amount of this acid 
obtained at that time was small, and that there is only a small 
difference between the percentages of carbon and hydrogen required 
by the formule C,gH,,0, and C,,H,)0s. 

In order to see how far this remarkable reaction was general we 
carried out a similar investigation of the action of fused potassium 
hydroxide on dihydroxybehenic acid, and find that the reaction in 
this case is exactly analogous to that with dihydroxystearic acid. 
Dihydroxybehenic acid, obtained by the oxidation of erucic acid 
with potassium permanganate in alkaline solution, when fused 
with potassium hydroxide is converted into the monohydroxy- 
dicarboxylic acid, Cy.H,.0;, which on oxidation with potassium 
permanganate loses carbon dioxide, and yields the ketonic acid, 
C.,;H403. The constitution of this ketonic acid has been deter- 
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mined, and the parent acid synthesised from it by the hydrogen 
cyanide method. These various changes are tabulated below: 


CsH,,CH:CH[CH,],,-CO,H = ""S 
Fusion 
C,H,;-CH(OH)-CH(OH)-[CH,],,,CO,H <> 
KMn0,. : 
CgH,7°C(OH)(CO,H)-[CH,]},,CO,H 
HCN +hydrolysis, 
C,H,;CO-[CH,],,-CO,H “0%: 


C,H,,-C(NOH)-[CH,]},,°CO,H 
HoSO04 


4 


x N 
CgH,;-CO-NH-(CH,],,"CO,H CsH,;*NH-CO-|CH,],,-CO,H 
| 1.0 | 


v Vv 
C.H,,"CO,H + NH,-[CH,],,"CO,H C,H,,;*NH, + CO,H-[CH,],,"CO.H 


The product of the fusion of dihydroxybehenic acid with potass- 
ium hydroxide also contains small quantities of the ketonic acid 
C,,H,)03, which is undoubtedly formed by the oxidation of the 
acid C,,H,.O; by the fused potassium hydroxide. 

The above intramolecular changes which take place during the 
fusion with potassium hydroxide are of particular interest as they 
involve the migration of the heavy group C,H,,* from one carbon 
atom to another adjacent to it. It is probable that this change 
precedes oxidation, and that an acid containing a primary alcohol 
group is formed as an intermediate product. If this assumption is 
granted, then the formation of the dicarboxylic acid is easily 
explained, for it has been shown that primary alcohols readily 
yield acids when they are fused with potassium hydroxide (Guerbet, 
Compt. rend., 1911, 158, 1487; 1912, 154, 222, 713): 


OH, 
[CH CH, OH CO,H 
CH: OH intramolecular C(OH) -[Clig],"CH, oxidation le C(OH): [CH,],"CH, 
¢H-oH = " (CH,], cc sh 
[OH,], CO,H (0, 


I 
CO,H 


SENT PTE 


OF THE ACTION OF FUSED ALKALIS. PART I, 2805 


With the object of obtaining direct evidence as to the correctness 
of the above supposition we fused dihydroxystearic acid with 
potassium hydroxide in an atmosphere of nitrogen, and in this 
way hoped to limit the reaction to the intramolecular change. In 
this, however, we were not successful, as the product under these 
conditions is also the acid C,gH;,0;, the yield of acid being the 
same in both cases. This result is nevertheless interesting as it 
shows that the oxidation occurring during the fusion is not 
dependent on the presence of atmospheric oxygen. 

We have been unable to find any record of the movement of such 
a heavy group within the molecule of an aliphatic compound. A 
somewhat analogous case in the aromatic series is the formation 
of benzilic acid by the action of fused potassium hydroxide on 
benzil and by the action of aqueous potassium hydroxide and air 
on benzoin. 


EXPERIMENTAL. 


Preparation of a-Hydroxy-a-oct ylsebacic A cid, 
CO,H:°C(OH)(C,H,,)*|CH,|,,;CO,H. 


This acid was obtained by the fusion of dihydroxystearic acid 
with potassium hydroxide, and the method employed did not differ 
in any essential detail from that described in a previous communi- 
cation (Le Sueur, T., 1901, 79, 1317), except that the acid 
obtained by acidifying the aqueous solution of the fusion was 
dissolved in ether, the ethereal solution dried and evaporated, and 
the residue crystallised from a mixture of benzene and chloroform. 
The yield of pure acid melting at 111—112° was very constant, 
and amounted to 65 per cent. of the theoretical. 

The benzoyl derivative, CO,H-C(OBz)(C,H,,)-|CH,|,,CO,H, was 
prepared by the Schotten-Baumann method, in the hope of obtain- 
ing a solid derivative which would serve to characterise the parent 
acid. Unfortunately, it proved to be a glassy mass, which could 
not be purified : 

0°2309 gave 0°5776 CO, and 0°1838 H,O. C=68'22; H=891. 

0°3439 required 15°9 c.c. O.1N-NaOH. M.W.=432°6. 

C.;H3,0, requires C=69°08; H=8°82 per cent. M.W.=434'3. 

The m-nitrobenzoyl derivative, 

CO,H-C(O-CO-C,H,°NO,)(C,H,,)*[CH, ],,CO.H, 
was prepared from the acid and m-nitrobenzoyl chloride by the 
Schotten-Baumann method. The product was a viscid mass, which, 
after treatment with dilute hydrochloric acid, was freed from 
nitrobenzoic acid by boiling with water. The insoluble residue was 
crystallised, first from dilute formic acid and then from a mixture 
of chloroform and light petroleum, from which it separates as a 


i 
} 
| 
| 
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white powder melting at 80—81°. It is insoluble in light petrol- 
eum, and.soluble in chloroform or glacial formic acid: 
0°2078 gave 5°4 c.c. N, at 22° and 755 mm. N=2°91. 
C,;H3,0,N requires N=2°92 per cent. 


Preparation of 0-Ketomargaric Acid, C,H,,-CO-[CH,],-CO,H. 


Ten grams of a-hydroxy-a-octylsebacic acid were mixed with 
160 c.c. of acetone (previously purified by treatment with potassium 
permanganate) and 20 c.c. of water, and the mixture was gently 
warmed with powdered potassium permanganate, which was gradu- 
ally added. After the addition of 8 grams of permanganate, the 
oxidation proceeded very slowly. The acetone was then removed by 
distillation, the residue treated with water, and the manganese 
dioxide dissolved by dilute sulphuric acid and sulphur dioxide. 
The precipitated acid was dissolved in ether, the ethereal solution 
washed, dried, evaporated, and the residue crystallised from a 
mixture of chloroform and light petroleum. The yield was 79°5 per 
cent. of the theoretical : 

0°1560 gave 0°4098 CO, and 0°1578 H,O. C=71°64; H=11°32.* 

0°3766 required 13°6 c.c. 0:1N-NaOH. M.W.=277. 
C,,H,,0, requires C=71°77; H=11°35 per cent. M.W.=284°3. 

6-Ketomargaric acid, CgH,;*CO-[CH,],-CO,H, is readily soluble 
in cold chloroform and moderately so in ether, alcohol, ethyl 
acetate, or benzene in the cold. It is insoluble in light petroleum, 
and crystallises from a mixture of this solvent and chloroform in 
glistening plates melting at 78°5°. It is not oxidised by an alkaline 
solution of potassium permanganate in the cold. The acid is also 
produced by the fusion with potassium hydroxide of a-hydroxy- 
a-octylsebacic acid. The white silver salt was obtained on adding 
a warm alcoholic solution of the sodium salt of the acid to a warm 
alcoholic solution of silver nitrate: 

0°2784 gave 0°0784 Ag. Ag=28°16. 

C,,H;,0;Ag requires Ag=27°60 per cent. 

Methyl 0-ketomargarate, CsH,,*CO-[CH,],,;CO,Me, was obtained 
by heating for four and a-half hours on the water-bath a mixture 
of 8°5 grams of the acid, 90 c.c. of methyl alcohol, and 45 c.c. of 
concentrated sulphuric acid. The product was poured into water, 
the ester dissolved in ether, the ethereal solution dried, evaporated, 
and the residue crystallised from methyl alcohol, from which it 
separates in large, pearly flakes, melting at 45°5°: 

0°1518 gave 0°4030 CO, and 0°1585 H,O. C=72°40; H=11°68. 

C,,H,,03; requires C=72°42; H=11°49 per cent. 
* A second analysis gave C=71°69 ; H=11°40. 
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Ethyl 6-ketomargarate, C,H,;*CO-[CH,|,,CO,Et, was prepared 
by the method used for the preparation of the methyl ester, and 
was purified by crystallisation from dilute alcohol, from which it 
separates in pearly flakes melting at 38°. It is readily soluble in 
alcohol, benzene, chloroform, or acetone in the cold: 

0°1109 gave 0°2964 CO, and 0°1172 H,O. C=72°89; H=11°83. 

C,,H,03 requires C=73°01; H=11°62 per cent. 

6-Ketomargaramide, CgH,;*CO-[CH,],-CO-NH,, was prepared 
thus: 1°2 Grams of the ketonic acid and 0°8 gram of thionyl 
chloride were heated together on the water-bath for half-an-hour, 
and the cold product was poured into excess of ammonia. The 
precipitated amide was dissolved in ether, the solution washed, 
dried, and evaporated, and the residue crystallised from a mixture 
of chloroform and light petroleum, when it was obtained in irides- 
cent needles melting at 119°. It is insoluble in light petroleum, 
and dissolves in alcohol, chloroform, ether, benzene, or hot water: 


0°1100 gave 4°6 c.c. N, at 21° and 762 mm. N=4°75. 
C,,H330,N requires N=4°'95 per cent. 

6-Ketomargaranilide, CsH,,*CO-[CH,],,;CO-NHPh, was obtained 
by the action of the acid chloride (prepared by the interaction of 
the acid and thionyl chloride) on aniline. It was purified by 
crystallisation, first from acetic acid and then from formic acid, 
and was obtained as a white, crystalline powder, melting at 96°5°. 
It dissolves freely in alcohol, acetone, chloroform, or benzene, is 
sparingly soluble in ether, acetic acid, or formic acid in the cold, 
and insoluble in light petroleum: 

0°2925 gave 9°9 c.c. Ny at 19° and 770 mm. N=3'95. 

. C,3;H3,0,N requires N=3°90 per cent. 

The semicarbazone of 6-ketomargaric acid was obtained by heat- 
ing for five hours on the water-bath an aqueous-alcoholic solution 
of 0°6 gram of the acid, 0°5 gram of semicarbazide hydrochloride, 
and 0°5 gram of dry potassium acetate, and was purified by crystal- 
lisation from acetone, from which it separates in stellar aggregates 
of prisms melting at 111°. It is sparingly soluble in alcohol, 
acetone, or ethyl acetate in the cold, and is insoluble in ether or 
light petroleum : 

0°1206 gave 13°1 cc. N, at 19° and 774 mm. N=12'55. 

C,gH;,0;N, requires N=12°31 per cent. 

The oxime of 6-ketomargaric acid was prepared by boiling on the 
water-bath for three hours a solution of 5 grams of the acid, 
2 grams of hydroxylamine hydrochloride, and 3 grams of sodium 
hydroxide in a mixture of 40 c.c. of alcohol and 20 c.c. of water. 
The alcohol was then evaporated, and the product poured into 
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dilute sulphuric acid, when the precipitated oil was extracted with 
ether. The ethereal solution was washed with water, dried, and 
evaporated. The residue was a colourless oil, which did not solidify 
even on leaving in a vacuum desiccator for three months: 


0°2618 gave 9°8 c.c. N, at 15° and 750 mm.’ N=4°30. 
C,,H,,0,N requires N=4°68 per cent. 


Conversion of the Oxime of 6-Ketomargaric Acid into the Amides 
C;H,,,CO-NH-[CH,]},-CO,H and C,H,,-NH-CO-[CH,],-CO,H. 


The oxime (8 grams) was slowly poured into concentrated sul- 
phuric acid (40 c.c.) and the solution heated for one and a-half 
hours on the water-bath. The resulting dark brown liquid was 
cooled and slowly poured on crushed ice, and the precipitated 
amides were collected and crystallised from dilute acetic acid, from 
which they separated in aggregates of thin plates melting at 
68°5—69°5°. Although the substance thus isolated is undoubtedly 
a mixture of two amides, its melting point is nevertheless quite 
sharp: 


0°2450 gave 10°4 c.c. Ny at 17°5° anl 758 mm. N=4°'90. 
C,;H330,N requires N=4'68 per cent. 

Hydrolysis of the above Amides.—2°5 Grams of the amides were 
heated with 12 c.c. of concentrated hydrochloric acid in a sealed 
tube at 180° for four hours. The dark brown products resulting 
from several such quantities were mixed with water and distilled 
in a current of steam (distillate=A). The residue was then made 
alkaline and again distilled in steam (distillate=B). The residue 
was now concentrated to a small bulk, and poured into excess of 
concentrated hydrochloric acid, and the mixture left for some time, 
when a crystalline solid separated (solid=C), which was removed 
by filtration (filtrate=D). 

Distillate A was extracted several times with much ether, the 
ethereal solution washed twice with small quantities of water, 
dried, and evaporated. The residue obtained from 21 grams of 
the mixed amides weighed 4°8 grams, and all distilled between 
248° and 255°; it was purified by fractional distillation, and the 
portion boiling at 251—253° collected for analysis. This fraction 
readily solidified on cooling in ice, and the resulting solid melted 
at 12—13°: 

0°3420 required 21°6 c.c. O'.1N-NaOH. M.W.=158°4. 


n-Nonoic acid, CyH,,0,, has M.W.= 158, b. p. 253°4° (corr.), and 
m. p. 12°6°. The identity of the acid with n-nonoic acid was 
further proved by converting a small quantity of it into its zinc 
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salt, which, after crystallisation from absolute alcohol, melted at 
134°, which is the melting point of zinc »-nonoate. 

Distillate B.—This alkaline distillate was acidified with hydro- 
chloric acid, the resulting solution mixed with much ether in a 
separating funnel, and then made strongly alkaline with potassium 
hydroxide, and the whole quickly shaken. This procedure was 
adopted in order to enable the ether to dissolve the base before the 
latter had had time to combine with the water to form a hydrate. 
The dried ethereal solution on evaporation gave a residue which 
distilled between 173° and 177°. A small quantity of this was 
converted into the platinichloride, which was analysed (Found, 
Pt=29°15. |C,H,,7-NH,,HCl],PtCl, requires Pt=29°21 per 
cent.). 

The free base gave the carbylamine reaction, and readily 
absorbed carbon dioxide from the air. It is therefore identical 
with octylamine, the boiling point of which is 175—177°. 

s-Phenyloctylearbamide, CgH,,7-NH*CO*-NHPh, was prepared by 
adding 0°4 gram (1 mol.) of phenylcarbimide to 0°4 gram (1 mol.) 
of the above base, dissolved in 10 c.c. of dry benzene, and allowing 
the mixture to remain overnight. The solution was then concen- 
trated to half its bulk, and mixed with light petroleum. The 
carbamide which separated was dissolved in a mixture of benzene 
and light petroleum, from which it crystallises in flakes, melting 
at 80°. It is readily soluble in alcohol, chloroform, or benzene, 
and is insoluble in light petroleum : 

0°1808 gave 17°4 c.c. N, at 19° and 776 mm. N=11°32. 

C,;H,,ON, requires N=11°29 per cent. 


Solid C.—This consisted of long, flat needles, melting at 
105°5—106°5°, which, after crystallisation from water, were quite 
colourless and melted at 106°5°. The acid had the characteristic 
appearance of azelaic acid (m. p. 106°), with which it is un- 
doubtedly identical (Found, C=57'40; H=875. M.W.=189°6. 
CyH,g0, requires C=57°40; H=8'58 per cent. M.W.=188). 

Filtrate D.—This, which contained much free hydrochloric acid, 
was evaporated to dryness, the residue partly dried, and then 
repeatedly extracted with acetone. This acetone solution on eva- 
poration left a residue which was dissolved in hot alcohol, and the 
resulting solution was mixed with an equal volume of ether. From 
the mixture the hydrochloride of the amino-acid was deposited 
gradually in glistening needles melting at 145—146°. (The hydro- 
chloride of -amino-n-octoic acid melts at 147°). (Found, N=7:10. 
CsH,,O,N,HCl requires N=7°16 per cent.) A small quantity of 
the hydrochloride was converted into the platinichloride (Found, 
Pt=26°60. Cale., Pt=26°80 per cent.). 
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The amino-acid resulting from the hydrolysis of the mixed amides 
is, therefore, y-amino-n-octoic acid. 

The yields of the four substances obtained by the hydrolysis of 
the mixed amides were as follows: 


IE SUID. niiinasrnnncnssnensesecsocnsenesaces 85°4 per cent. of the theoretical 
GREED ertcnnsccsccssnnsncasscccnsnecensccssne 865, 9 ” 
IED sdiuinininsnsvctonsectesonccscccesnsnaioe 83:0, 9 - 
Hydrochloride of y-amino-x-octoic acid ... 67:0 __,, 9 99 


Formation of the Unsaturated Acids, C,gH3.0,, from a-Hydroxy- 
a-octylsebacie Acid. 


Eight grams of a-hydroxy-a-octylsebacic acid were gradually 
heated under a pressure of 25 mm. in a distilling flask immersed 
in a metal-bath. Effervescence, due to the evolution of water- 
vapour, began at about 220°, and rapidly increased as the tempera- 
ture rose. The vapour evolved contained only a trace of carbon 
dioxide. The temperature was maintained at about 280° until all 
effervescence had ceased, and then raised gradually, when the 
liquid distilled between 290° and 310° and gave 68 grams of 
distillate. This was redistilled under 30 mm. pressure, and a 
portion boiling at 294—295° collected for analysis: 


0°1624 gave 0°4152 CO, and 0°1520 H,O. C=69°72; H=10°34. 
C,gH 3,0, requires C=69°23; H=10°258 per cent. 


A specimen from another preparation was converted into the 
silver salt and analysed : 

0°2168 gave 0°0870 Ag. Ag=40°13. 

C,3;H30,Ag, requires Ag=41'02 per cent. 

The above figures agree sufficiently with the calculated values to 
show that the substance is produced from a-hydroxy-a-octylsebacic 
acid by the loss of water only. It was kept for several’ months, 
but could not be obtained as a definite solid; also, redistillation 
under diminished pressure produced slight decomposition. The 
elimination of water from a-hydroxy-a-octylsebacic acid by heat- 
ing it with sulphuric acid was also tried. For this purpose, the 
acid was heated at 200—220° for four and a-half hours with 60 per 
cent. sulphuric acid in a sealed tube. Much sulphur dioxide was 
evolved when the tube was opened, and the contents were found 
to consist for the most part of @-ketomargaric acid, melting at 
785°. In other words, the sulphuric acid had acted as an ordinary 
oxidising agent. In another experiment, the acid was boiled with 
dilute sulphuric acid for two hours, but, in this case, the acid 
was recovered unchanged. 

That the substance produced by heating a-hydroxy-a-octyl- 
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sebacic acid is unsaturated is confirmed by the facts that it readily 
reduces potassium permanganate in alkaline solution in the cold, 
and, under the influence of platinum black, absorbs hydrogen to 
give the saturated dicarboxylic acid, C,,H,,0,, described on 
page 2812. Its constitution was determined by investigating the 
products obtained when it is oxidised by potassium permanganate, 
as described below. Two quantities of 11 grams each of the acid 
were dissolved in a mixture of 170 c.c. of acetone and 20 cc. of 
water, and to this, finely powdered potassium permanganate was 
added. Reduction took place immediately in the cold, and became 
very energetic on warming. Small quantities of permanganate 
were added from time to time to the boiling solution until there 
was no further reduction. The acetone was then distilled off, the 
manganese dioxide dissolved by means of dilute sulphuric acid 
and sulphur dioxide, and the whole distilled in a current of steam 
(distillate X). The mother liquor in the flask deposited, on cool- 
ing, a solid (9 grams), which was collected and dissolved in 250 c.e. 
of boiling water. This solution deposited, on cooling, a solid 
(2 grams), which was removed by filtration (filtrate=Y), and then 
redissolved in hot water. The solution was neutralised with excess 
of magnesium carbonate and filtered while hot. The filtrate was 
concentrated to a syrup, allowed to cool, and the magnesium salt 
which had separated was collected. It was again crystallised from 
water, and finally decomposed by heating with dilute hydrochloric 
acid. The acid thus obtained was crystallised from water, from 
which it separated in large, thin, glistening plates, melting at 
105—106°. A mixture of equal parts of this acid and azelaic 
acid (m. p. 106°) melted at 106°. (Found: M.W.=187°8. 
CyH,,0, requires M.W. 188.) 

Filtrate Y was evaporated to dryness, and the dried residue, 
melting at 90—126°, was extracted four times with ether, using 
12 c.c. for each extraction. The undissolved residue melted at 
137—140°, and, after crystallisation from water, melted at 138°5°. 
(Found: C=55°02; H=820. M.W.=174°6. C,H,,0, requires 
C=55'14; H=810 per cent. M.W.=174'1.) 

The substance was thus proved to be suberic acid. 

Distillate X was extracted with much ether, the ethereal solu- 
tion washed once with water, dried, and evaporated, and the resi- 
due was fractionally distilled. The fraction boiling at 234—242° 
was identified by analysis as n-octoic acid (b. p. 236—237°). 
(Found: M.W.=142; Ag=43°35. C,H,,O, requires M.W.=144, 
and for silver salt Ag=42°98 per cent.) 

The fraction boiling at above 245° (Found: M.W.=158. 
C,H,,0, requires M.W.=158) was converted, through the 
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sodium salt, into the zinc salt, which was shown to be zinc 
n-nonoate. The amount of substance dealt with did not admit of 
a complete separation and isolation in a pure state of the n-octoic 
and n-nonoic acids, but the analysis showed that these two acids 
were undoubtedly present in the mixture. 


Preparation of a-Octylsebacic Acid, CO,5H*CH(C,H,7)-[CH,],°CO,H, 
by Reduction of the Unsaturated Acids, CygHg0,. 


This reduction was effected by the direct addition of hydrogen 
in the presence of spongy platinum. The catalyst was prepared by 
the reduction of platinic chloride by means of formaldehyde in 
the presence of sodium hydroxide (Loew, Ber., 1890, 28, 289; 
Willstatter, Ber., 1912, 45, 1472; Hess, Ber., 1913, 46, 3120), 
and was washed first with water and then with glacial acetic acid. 
Five grams of the unsaturated acids C,,H.O,, dissolved in 10 c.c. 
of glacial acetic acid, were reduced. The absorption of the 
hydrogen was never very rapid, the quickest rate being about 
50 c.c. in twenty minutes. Sometimes the hydrogen was under a 
pressure of about 20 cm. of ‘mercury above the atmospheric 
pressure, but this did not appear to increase the rate of absorption. 
When no further reduction took place, the acetic acid solution 
was warmed, filtered, and the filtrate poured into water. The pre- 
cipitated acid was collected and crystallised from a mixture of 
chloroform and light petroleum until its melting point was con- 
stant. The yield was 70 per cent. of the theoretical: 


0°1350 gave 0°3405 CO, and 0°1350 H,O. C=68°79; H=11°19. 

0°2054 required 13°2 c.c. O1N-NaOH. M.W.=311°2. 

C,gHg,0, requires C=68°75; H=10°90 per cent. M.W.=314°25. 

a-Octylsebacic acid, CO,H*CH(C,H,,)*[CH,],-CO,H, crystallises 
from a mixture of chloroform and light petroleum in aggregates 
of hard prisms, melting at 71°5—72°5°. It is readily soluble in 
alcohol, chloroform, or ether in the cold, sparingly so in cold 
benzene, and insoluble in light petroleum. It does not reduce an 
alkaliné solution of potassium permanganate even when heated, 
nor does it decolorise a solution of bromine in chloroform. The 
white silver salt was obtained on adding a solution of the sodium 
salt of the acid to a solution of silver nitrate: 


0°1540 gave 0°0622 Ag. Ag=40°39. 
C,,H3,0,Ag, requires Ag=40°86 per cent. 
Methyl a-octylsebacate, CO,Me*CH(C,H,,)-[CH,],-CO,Me, was 
prepared by the interaction of the dry silver salt of the acid and 
methyl iodide in solution in dry benzene. It is an oily liquid, 
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boiling at 230—233°/25 mm., and dissolves readily in the common 
organic solvents: 


0°1580 gave 0°4054 CO, and 0°1636 H,O. C=69°98; H=11°59. 

0°3056 in 15°7840 benzene gave At—0°307°. M.W.=322. 

CopH3g0, requires C=70°11; H=11°19 per cent. M.W.=342. 

The diamide, NH,*CO-CH(C,H,;)-[CH,],,CO-NH,.—One gram 
of the acid and 0°5 c.c. of thionyl chloride were warmed together 
on the water-bath for fifteen minutes, the product was dissolved 
in ether, and the ethereal solution poured into a concentrated, 
aqueous solution of ammonia. The precipitated amide was col- 
lected, washed with water, and crystallised from dilute alcohol, 
from which it separates in slender needles, melting at 167—168°. 
It is insoluble in water, ether, benzene, or chloroform in the cold, 
and dissolves readily in boiling alcohol : 


0°1990 gave 15°6 c.c. Ny at 20° and 754 mm. N=8'92. 
C,,H,,0.N, requires N=8'97 per cent. 


Synthesis of a-Hydroxy-a-octylsebacic Acid from 6-Ketomargaric 
Acid. 


Ten grams of pure, dry hydrogen cyanide and six drops of 
triethylamine were added to a solution of 10 grams of 6-keto- 
margaric acid in 50 c.c. of dry chloroform. After remaining for 
a fortnight in a well-stoppered bottle, kept in a cool place, the 
chloroform and excess of hydrogen cyanide were evaporated by 
means of a current of air, and the solid residue was dissolved in 
ether, the ethereal solution washed with dilute sulphuric acid, 
then with water, dried, and evaporated. The residue was hydro- 
lysed by dissolving it in 80 c.c. of alcohol, previously saturated 
with dry hydrogen chloride. The mixture was left at the ordinary 
temperature for three and a-half days, and then boiled on the 
water-bath for eight hours. The resulting solution, on cooling, 
deposited 24 grams of crystalline solid, melting at 38—39°, which 
was found to be the ethyl ester of the unchanged ketomargaric 
acid (see page 2807). This was removed by filtration, the filtrate 
evaporated to dryness, and the residue boiled for forty hours 
with 24 grams of potassium hydroxide dissolved in a mixture of 
50 ¢.c. of alcohol and 10 c.c. of water. The complete hydrolysis 
of the hydroxy-cyanide was difficult to effect, and, even after boil- 
ing for the period mentioned, traces of ammonia were still being 
evolved. The alcohol was evaporated, the residue diluted with 
water, and extracted with ether. The aqueous mother liquor was 
then poured into dilute hydrochloric acid, the precipitated acid 
dissolved in ether, the ethereal solution washed, dried, and 
VOL, CV. 8 x 
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evaporated. The residue weighed 7°5 grams, and, after three re- 
crystallisations from chloroform, melted at 111—112°. A mixture 
of equal parts of this acid and a-hydroxy-a-octylsebacic acid melted 
at exactly the same temperature: 

0°1371 gave 0°3270 CO, and 0°1286 H,O. C=65°05; H=10°50. 

0°2254 required 13°5 c.c. 0'.1N-NaOH. M.W.=333°9. 
C,,H,,0, requires C=65°40; H=10°38 per cent. M.W.=330°3. 

The synthetic acid, like the original a-hydroxy-a-octylsebacic 
acid, readily loses water when heated, to give a liquid which very 
readily reduces potassium permanganate. When oxidised with 
potassium permanganate in acetone solution, the synthetic acid 
gives a monobasic acid melting at 78°79°, identical with the 
6-ketomargaric acid obtained by the oxidation of a-hydroxy-a-octyl- 
sebacic acid. This identity was fully confirmed by the fact that 
a mixture of equal parts of the two acids melted at 78—79°, and 
further, the methyl ester of the ketonic acid obtained from the 
synthetic acid had all the properties of methyl @-ketomargarate. 


Preparation of Dihydroxybehenie Acid. 


The method employed for the oxidation of erucic acid differed 
somewhat from that used by Hazura and Grussner (Monatsh., 
1888, 9, 948), and since these observers obtained a yield of only 
25 per cent. of the theoretical, whereas ours amounted to 75 per 
cent., we give the essential details of the method we used. Thirty- 
five grams of erucic acid (m. p. 33°) and 14 grams of potassium 
hydroxide were dissolved in 2 litres of water, the solution cooled 
to 0°, and maintained at this temperature during the whole of 
the oxidation. A solution of 32 grams of potassium permanganate 
in 1500 c.c. of water was then added drop by drop to the solu- 
tion, which was kept well stirred by means of a turbine. The 
mixture was allowed to remain over night, the manganese dioxide 
dissolved by means of dilute sulphuric acid and sulphur dioxide, 
and the precipitated acid filtered and crystallised from alcohol. 


Preparation of a-Hydroxy-a-octyldodecanedicarbozylic Acid, 
CO,H-C(OH)(C,H,;)*|CH,],,;"CO,H. 


Twenty grams of dihydroxybehenic acid (m. p. 127—128°), 100 
grams of potassium hydroxide, and 40 c.c. of water were mixed 
together in a nickel crucible, and the whole gradually heated in 
a metal-bath to 240—245°, and maintained at this temperature for 
one hour, the fused mass being stirred continuously. The cold 
mass was dissolved in water, acidified with dilute sulphuric acid, 
and the precipitated acid dissolved in ether. The ethereal solu- 
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tion was washed, dried, evaporated, and the residue crystallised 

once from chloroform and then from acetone until its melting 

point was constant. The yield was 64 per cent. of the theoretical : 
0°1233 gave 0°3083 CO, andg0'1213 H,O. C=6819; H=11°01. 
0°2178 required 11°3 c.c. O'1N-NaOH. M.W.=385°6. 

C..H.0, requires C= 68°33; H=10°96 per cent. M.W.=386°34. 

a-Hydroxy-a-octyldodecanedicarboxylic acid is sparingly soluble 
in alcohol, acetone, or benzene in the cold, but dissolves readily 
on heating; it is sparingly soluble in hot ether, and is insoluble 
in light petroleum. It crystallises from acetone in needles, melt- 
ing at 115—116°. The white silver salt was obtained on adding 
a warm solution of the sodium salt of the acid to a warm solution 
of silver nitrate: 

0°2206 gave 0°0784 Ag. Ag=35'54. 

C..H4,0;Ag, requires Ag=35°96 per cent. 

When the acid is heated, it behaves exactly like a-hydroxy-a- 
octylsebacic acid, in that it readily loses the elements of water. 
The product is a viscid oil, which shows no signs of solidifying 
when kept for several weeks. It readily reduces an alkaline solu- 
tion of potassium permanganate, but does not decolorise a solution 
of bromine in chloroform. 


Preparation of p-Ketoheneicosoic Acid, 
CH,°[CH,],-CO-[CH,],,“CO,H. 


Eight grams of a-hydroxy-a-octyldodecanedicarboxylic acid were 
dissolved in a mixture of 120 c.c. of acetone and 20 c.c. of water, 
and finely powdered potassium permanganate was added to the 
solution. There was no action in the cold, but, on warming, 
oxidation immediately took place, and became very energetic at 
the boiling point of the acetone. The permanganate was added 
in small quantities at a time until no further oxidation took place. 
The acetone was evaporated, the manganese dioxide dissolved by 
means of dilute sulphuric acid and sulphur dioxide, and the pre- 
cipitated acid collected and crystallised from acetone: 

0°1194 gave 0°3240 CO, and 0°1273 H,O. C=74:01; H=11°'93. 

05260 required 15°5 cc. O.1N-NaOH. M.W.=339°4. 

C,,H, 0; requires C=74°05; H=11°85 per cent. M.W.=340°32. 

p-Ketoheneicosoie acid is readily soluble in cold chloroform, 
sparingly so in alcohol, benzene, or ether, and insoluble in light 
petroleum. It crystallises from acetone in glistening, micaceous 
plates, melting at 89—90°. The white silver salt was obtained 
by adding a warm solution of the sodium salt to a warm solution 
of silver nitrate: 
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0°2224 gave 0°0538 Ag. Ag=24'19. 

C,,Hy0,Ag requires Ag=24'16 per cent. 
Methyl p-ketoheneicosoate, CH,*|CH,],-CO-[CH,],,;"CO,Me, was 
prepared by the method used for tle preparation of methyl @-keto- 
margarate (p. 2806), and was purified by crystallisation from 
methyl alcohol, from which it separates in glistening, thin plates, 
melting at 59—60°. It is readily soluble in ether, chloroform, or 
benzene in the cold, and dissolves sparingly in cold acetone or 
alcohol : 

0°1296 gave 0°3535 CO, and 0°'1402 H,O. C=74:39; H=12°10. 

Cy.H yO, requires C=74°50; H=11°95 per cent. 

Ethyl pr-ketoheneicosoate, CH,*[CH,],-CO-|CH,],,;CO,Et, was 
prepared by the method used for the preparation of the methyl 
ester, and was crystallised from dilute alcohol, from which it 
separates in glistening leaflets, melting at 56°. It is sparingly 
soluble in cold alcohol, and dissolves readily in the other common 
organic solvents: 

0°1463 gave 0°4010 CO, and 0°1593 H,O. C=74°75; H=12°18. 

C.3H,,0O3 requires C=74°90; H=12°04 per cent. 

The semicarbazone was prepared by the method employed for 
the preparation of the semicarbazone of 6-ketomargaric acid, and 
was purified by crystallisation from acetone, from which it 
separates in aggregates of slender needles, melting at 104—105°. 
It is sparingly soluble in boiling acetone or ethyl acetate, and in- 
soluble in light petroleum or ether: 

0°1978 gave 18°6 c.c. N, at 22° and 763 mm. N=10°74. 
C..H4303;N, requires N=10'58 per cent. 


Synthesis of a-Hydroxy-a-octyldodecanedicarbozylic Acid from 
p-Ketohenetcosoic Acid, 


The method used to effect this synthesis was practically identical 
with that employed for the preparation of a-hydroxy-a-octylsebacic 
acid from 6-ketomargaric acid. The addition of the hydrogen 
cyanide in this case also was very slow, and the complete hydro- 
lysis of the hydroxy-cyanide difficult to effect. The crude acid 
was crystallised from chloroform until its melting point was con- 
stant, at 115—116°. A mixture of equal parts of this acid and 
the original a-hydroxy-a-octyldodecanedicarboxylic acid melted at 
exactly the same temperature: 

0°1115 gave 0°2788 CO, and 0:1094 H,O. C=68:20; H=10°98. 

0°2590 required 13°0 c.c. O1N-NaOH. M.W.=398. 

CosH,,0; requires C=68°33; H=10°96 per cent. M.W.=386. 
In order to confirm further the identity of the synthetic acid 
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with the a-hydroxy-a-octyldodecanedicarboxylic acid obtained by 
the fusion of dihydroxybehenic acid with potassium hydroxide, a 
small quantity of it was oxidised with potassium permanganate in 
acetone solution, when an acid was obtained which melted at 
89—90°, and had all the properties of the p-ketoheneicosoic acid 
produced by the oxidation, under similar conditions, of a-hydroxy- 
a-octyldodecanedicarboxylic acid. 


Constitution of the Ketonic Acid, Cy,HyOs. 


The oxime of the acid, C,,H,,O;, was prepared by the method 
described on page 2807, and was converted into the corresponding 
amides by beating with five times its volume of concentrated 
sulphuric acid for two and a-half hours on the water-bath. The 
product was poured on crushed ice, and the solid collected and 
crystallised from glacial acetic acid containing a little water, from 
which it separates in aggregates of stout prisms, melting at 
85°5—86°5°: 

0°2667 gave 9°3 c.c. N, at 20° and 764 mm. N=4'02. 

C,,H,,0;,N requires N=3'94 per cent. 

The above isomeric amides were hydrolysed by heating with 
hydrochloric acid in a sealed tube, as described on page 2808. The 
product was diluted largely with water, and distilled in a current 
of steam (distillate 1). The residue was then made strongly alka- 
line, and distilled in a current of steam (distillate 2). 

Distillate 1 was extracted with ether, the ethereal solution 
washed, dried, evaporated, and the residue distilled, when it all 
passed over at 150—155°/31 mm. It was fractionally distilled 
under the ordinary pressure, and the fraction boiling at 248—249° 
was collected for analysis. It readily solidified when cooled in 
ice. (Found, M.W.=157'9. C,H,,O, requires M.W.=158'1.) 
The zinc salt was prepared in the usual way, and, after crystallisa- 
tion from alcohol, melted at 136°, proving the acid to be m-nonoic 
acid. 

Distillate 2.—The amine was isolated from this distillate as 
described on page 2809, and was obtained as a clear, colourless 
liquid, boiling at 174—176°, which was identified as octylamine 
by analysis of the platinichloride (Found, Pt=29°07. Calc., 
Pt=29'21 per cent.), and by the preparation of phenyloctyl- 
carbamide which melted at 79—80°. 

The mother liquor left after obtaining distillate 2 was con- 
centrated to about 350 c.c., and then poured into a slight excess 
of concentrated hydrochloric acid. The solid which separated on 
cooling was collected, dried, and boiled with 50 c.c. of alcohol. 
The solution was filtered, and the filtrate concentrated to about 
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20 c.c., and then mixed with 50 c.c. of ether, when a voluminous, 
crystalline mass separated. This was collected (filtrate 3) and 
crystallised from hot water, from which it separates in thin 
lamellae, melting at 163°: 

0°1782 gave 8°8 c.c. N, at 20° and 778 mm. N=5'75. 

C,,H,,O.N,HCl requires N=5°57 per cent. 

A portion was converted into the platinichloride, which melts 
and decomposes at 209°: 

0°2394 gave 0°0550 Pt. Pt= 22°97. 

(C,.H,;0.N),H,PtCl, requires Pt = 23°21 per cent. 

The substance is therefore the hydrochloride of d-aminolauric 
acid, CO,H*[CHg],,;"NH,,HCI. It is insoluble in hot or cold ether, 
benzene, chloroform, or acetone, freely soluble in alcohol, and 
moderately so in water. 

The free amino-acid was isolated by adding the calculated 
volume of a dilute sodium hydroxide solution to a warm, aqueous 
solution of the above pure hydrochloride. The white, crystalline 
mass which separated was collected, washed with cold water, and 
dissolved in boiling water, from which it crystallised on cooling in 
long, thin plates with almost square ends: 

0°0942 gave 0°2306 CO, and 0°0982 H,O. C=66'76; H=11°67. 

0°1574 ,, 90 cc. Ng at 18° and 770 mm. N=6°70. 

C,,H,;0,N requires C=66°91; H=11'71; N=6°51 per cent. 
A-Aminolauric acid, NH,*[CHg],,;"CO.H, melts at 184°, and is 
practically insoluble in the common organic solvents. 

In order more completely to characterise the acid, its B-naph- 
thalenesulphonyl derivative was prepared. For this purpose, a 
mixture of the amino-acid (1 mol.), V-sodium hydroxide (1 mol.), 
and an ethereal solution of f-naphthalenesulphonyl chloride 
(2 mols.) was shaken in a stoppered bottle. At intervals of one 
hour, three more molecular proportions of sodium hydroxide were 
added, and the shaking was prolonged altogether for five hours. 
The mass was diluted with water and allowed to flow into cold, 
dilute sulphuric acid, the ethereal layer being retained in a 
separating funnel. The white solid which separated was collected, 
washed free from sulphuric acid, and dissolved in hot 25 per cent. 
alcohol, from which it crystallised in small flakes, melting at 115°: 

0°1238 gave 3°8 c.c. N, at 18° and 750 mm. N=3'50. 

C..H3,0,NS requires N=3'46 per cent. 
A-B-Naphthalenesulphonylaminolauric acid, 
C,,H,"SO,*NH[CH,],,;"CO.H, 
is readily soluble in hot alcohol, sparingly so in cold alcohol, hot 
ether, acetone, or water, and insoluble in light petroleum. 
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The alcohol-ether filtrate 3 (p. 2818) was evaporated on the 
water-bath, and the residue diluted with water. On leaving this 
solution, crystals soon separated ; these were collected, and crystal- 
lised first from water and then from benzene, from which the sub- 
stance was deposited as a crystalline powder, melting at 113°5°. 
(Found, C=63°89; H=9°92, M.W.=247°2. C,,;H,,0, requires 
C=63°88; H=9°91 per cent. M.W.=244'19.) A portion was 
converted into the silver salt (Found: Ag=46°89. C,H .O,Ag, 
requires Ag=47'11 per cent.) and another portion into the amide, 
which melted at 174—175°. (Found: N=11°66. C,,H,,O.N, 
requires N=11°57 per cent.) 

The dicarboxylic acid which resulted from the hydrolysis of the 
above mixture of isomeric amides was thus fully identified with 
brassylic acid, CO,H[CH,],,,CO,H. Fileti and Ponzio (J. pr. 
Chem., 1893, [ii], 48, 323) found as the melting point of brassylic 
acid 114°, and of the amide 177°. 

The yields of the four substances obtained by the hydrolysis of 
the above mixed amides were as follows: 


DTD GEE cccccisccrcccvcsscnccvsssossesse 90 per cent. of the theoretical. 
QGEFIAMIAO oocsisccccccssccscceccosscsscecceses 89 ” *” » 
Brassylic acid .....ccccccccsccsccccccccccsceece 57 ss ” ” 
Hydrochloride of A-aminolauric acid...... 55 ys ” ” 
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CCLXIV.—The Polysulphides of the Alkali Metals. 
Part II. The Polysulphides of Potassium. 


By ALEXANDER Rue and Joun SmeatH THomas. 


In a previous paper (Rule and Thomas, this vol., p. 177) were 
described the results of an investigation of the action of sulphur on 
alcoholic solutions of pure sodium hydrosulphide. It was shown 
that the reaction provided a simple and certain means of preparing 
sodium tetrasulphide in the pure anhydrous state, and further, that 
the polysulphide product obtained as a result of the reaction under 
varied conditions consisted almost entirely of the tetrasulphide. 

It has been pointed out by several authors that much of the 
earlier work on the polysulphides of sodium and potassium is quite 
untrustworthy, but descriptions of series of these compounds based 
on the results of such work still appear in many text-books. In the 
case of potassium the highest polysulphide obtainable is generally 
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accepted to be the pentasulphide, which seems to be fairly well 
characterised. 

Bloxam (Thesis, London, 1898; T., 1900, 77, 753), in criticising 
the work of previous authors, has shown that by the methods 
usually adopted it is impossible to obtain pure polysulphides in the 
solid state. When aqueous solutions of the monosulphides are 
employed the resulting product always contains thiosulphate, and 
Bloxam attributed the formation of that compound to the presence 
of hydroxides in the solution as a result of the hydrolysis of the 
monosulphides. 

Bloxam investigated the action of sulphur on aqueous solutions 
of potassium hydrosulphide, which is only very slightly hydrolysed 
(compare Walker, Zeitsch. physikal. Chem., 1900, 32, 137). Al- 
though he does not appear to have succeeded in isolating any com- 
pound of undoubted chemical individuality, yet he established the 
fact that within certain limits the sulphur added to the solution 
reacted with a portion only of the hydrosulphide, and the resulting 
polysulphide product was richer in sulphur than a polysulphide 
corresponding to the amount of sulphur added. It is probable that 
in aqueous solution there is a tendency for the formation of one 
predominating polysulphide, and this would account for Bloxam’s 
results, as that author has pointed out. In the case of alcoholic 
solutions the work described in the present paper proves that the 
action of sulphur tends undoubtedly to the formation of one poly- 
sulphide only, namely, the pentasulphide, which has been isolated 
in the pure anhydrous condition. 

The preparation of anhydrous potassium pentasulphide by the 
action of sulphur on potassium in liquid ammonia has also been 
described by Hugot (Compt. rend., 1899, 129, 388), but no account 
is given of the properties of the product. 


Action of Sulphur on Alcoholic Solutions of Potasstwm 
Hydrosulphide. 


In a previous paper (T., 1911, 99, 558) one of us described the 
preparation of pure potassium hydrosulphide by the action of 
hydrogen sulphide on an alcoholic solution of potassium ethoxide. 
In the work now under consideration solutions prepared in that 
way were used throughout, and the actual experimental details 
were precisely similar to those already described in the paper on 
the polysulphides of sodium (Joc. cit.), to which reference may be 
made. 

A series of experiments was carried out in which quantities of 
sulphur corresponding with possible polysulphides of potassium 
from the di- up to the hexa-sulphide were added to alcoholic solu- 
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tions of the hydrosulphide of the same concentration throughout. 
Since the only polysulphide product obtained as a result of these 
experiments was the pentasulphide the preparation and properties 
of that compound will be dealt with in the first place. 


Potassium Pentasul phide. 


One gram of potassium was dissolved in 15 c.c. of absolute ethyl 
alcohol,* and the solution was saturated with dry hydrogen 
sulphide. 1°64 Grams of finely ground recrystallised rhombic 
sulphur were added, and the solution was boiled gently on a water- 
bath for about one hour, a rapid current of dry hydrogen being 
passed through it. On the addition of the sulphur a vigorous 
reaction at once took place even in the cold with evolution of 
hydrogen sulphide, and the solution became deep red. The sulphur 
dissolved, and after a short time a bright orange-red, crystalline 
solid separated out. The solution was concentrated to about 5 c.c., 
the product collected on a filter, sprayed with alcohol, and kept 
in a vacuum over phosphoric oxide, 

The dry product consisted of a mass of glistening crystals, and 
appeared to be perfectly homogeneous. The yield was 2°5 grams, 
that is, 82 per cent. of the theoretical amount: 

0°3506 gave 0°2560 K,SO,. K=32°73. 

0°3475 ,, 01850 8S. +(S)=53°23. 

0°3027 ,, 1°4742 BaSO,. S=66°90. 

KS, requires K =32°77 ; (S) =53°78 ; S=67'22 per cent. 

Potassium penfasulphide is extremely hygroscopic, and is rapidly 
oxidised on exposure to the air, with liberation of sulphur. It 
dissolves readily in water to form a clear, deep orange solution, 
which becomes dark red on heating. It is only sparingly soluble 
in alcohol, forming a red solution, which also becomes darker on 
heating. Both the aqueous and alcoholic solutions soon begin to 
deposit sulphur when allowed to remain in the air. Biltz and 
Dorfiirt (Ber., 1905, 43, 53) state that rubidium pentasulphide is 
at once decomposed on treatment with water, whilst cesium penta- 
sulphide is apparently not affected. It is noteworthy that potassium 
pentasulphide should be more stable in this respect than the corre- 
sponding rubidium compound. 

On heating in a capillary tube the substance begins to darken 
at about 130°, and at 182° becomes quite black, this change being 
sharply marked; it begins to sinter at 200—205°, and melts not 
very sharply at about 220°. On cooling the substance passes through 


* Commercial absolute alcohol was shaken for two days over freshly prepared 
quicklime, boiled over quicklime and then distilled. 
T (S) indicates ‘‘ polysulphide sulphur.” 
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the same series of colour changes in the reverse order, and finally 
assumes its original appearance. No deposit of sulphur was noticed 
on the walls on the tube, and the solidified product dissolved to a 
perfectly clear solution in cold water. Potassium pentasulphide 
can therefore be fused without decomposition. 

The majority of organic solvents are without action on the penta- 
sulphide, but a very striking behaviour may be noted in the case 
of pyridine. On treating the substance with pure pyridine the 
latter is coloured an intense brownish-red, and on heating the 
mixture the liquid becomes quite opaque. <A definite reaction 
appears to take place, and the observed effect may be due to the 
formation of an additive compound, but apparently very little of 
the pentasulphide dissolves in the pyridine. With sodium tetra- 
sulphide the action of pyridine is even more marked, the solvent 
being at once coloured intensely green and the solid slowly chang- 
ing in colour to bright yellow. This action is being further investi- 
gated. 

Nitrobenzene, on treatment with the pentasulphide, is coloured 
magenta in the cold. On heating the colour fades, and the solid 
can be fused below the liquid; on cooling again the colour returns, 
and the pentasulphide remains apparently unchanged. This 
behaviour with nitrobenzene is similar to that of rubidium penta- 
sulphide, as noted by Biltz and Dérfurt (loc. cit.). 

When shaken with alcohol at the ordinary temperature the penta- 
sulphide forms a well-defined, bright yellow alcoholate, which 
crystallises in small, monoclinic prisms. 


From a consideration of the results obtained by numerous 
workers in this field it appears to have been generally assumed that 
a series of polysulphides from the di- up to the penta-sulphide could 
be prepared by adding the theoretical amount of sulphur to aqueous 
solutions of the mono- or hydro-sulphide. The results obtained by 
the use of alcoholic solutions of sodium hydrosulphide and varying 
quantities of sulphur have already been dealt with in detail 
(loc. cit.), and it is therefore only necessary to mention briefly the 
nature of the products of the action of sulphur on alcoholic solu- 
tions of potassium hydrosulphide. With the proportions for the 
disulphide a small quantity of pentasulphide separated from the 
hot solution, and on cooling a yellow product was obtained, which 
was obviously not homogeneous, and consisted of a mixture of 
pentasulphide and unchanged hydrosulphide. A similar result was 
obtained when proportions for the trisulphide were used, but the 
yield of pentasulphide was ‘greater. 

With the proportions for the tetrasulphide a comparatively good 


THE POLYSULPHIDES OF THE ALKALI METALS. PART Il. 2823 


yield of pure pentasulphide was obtained, separating out from the 
hot solution. With the proportions for a possible hexasulphide it 
was found that all the sulphur added dissolved in the first place, 
and the solid product consisted of the pentasulphide mixed with a 
little sulphur, which remained undissolved on treating the product 
with water. The solution from which this product separated gave 
a copious precipitate of sulphur on treatment with water, whereas 
in all other cases mentioned the solution remained perfectly clear. 

The results are therefore very similar to those obtained in the 
case of sodium, except that here there is not the slightest indication 
of the formation of higher polysulphides when larger quantities of 
sulphur than that corresponding with the pentasulphide are used. 
The moderate solubility of potassium pentasulphide in alcohol has 
already been mentioned, and it might therefore be assumed that 
this compound is the saturation product, and that in the solution 
itself a series of polysulphides might exist in equilibrium according 
to the conditions of experiment. In order to test the accuracy of 
this assumption and to gain some idea as to the nature of the 
substances in solution after the action of sulphur on the hydro- 
sulphide, a series of measurements similar to those described in 
connexion with the polysulphides of sodium was carried out. 

It will be seen that according to the equation: 

2KHS + z8=K,S,,,+H,8, 

the amount of hydrogen sulphide formed is strictly proportional 
to the amount of hydrosulphide involved in the reaction. By deter- 
mining the amounts of hydrogen sulphide evolved in the course 
of a series of reactions with different amounts of sulphur it is 
possible to decide whether (1) a series of polysulphides is formed 
according to the amount of sulphur added, (2) only one poly- 
sulphide is formed independent of the amount of sulphur present, 
or whether (3) an equilibrium mixture of several polysulphides is 
formed. 

The apparatus used and the method adopted were exactly similar 
to those employed in the case of sodium (loc. cit.), except that 
ammoniacal hydrogen peroxide was used throughout as_ the 
absorbent for hydrogen sulphide instead of bromine. Owing to the 
sparing solubility of potassium pentasulphide in alcohol, and the 
necessity of preventing any solid product from separating out 
during the experiment, it was necessary to work with fairly dilute 
solutions of the hydrosulphide, and an error is thereby introduced 
owing to the fact that the hydrosulphide undergoes slight alco- 
holysis with the formation of hydrogen sulphide. Since it was 
necessary to carry out the determination in a stream of hydrogen 
the equilibrium was constantly disturbed, and in consequence a 
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certain amount of hydrogen sulphide derived from this alcoholysis 
was driven over into the absorbent. In consequence the results 
obtained are too high. For the purpose of ascertaining the magni- 
tude of this error, blank experiments, in which the conditions 
approximated as nearly as possible to those employed in the actual 
determinations, were performed first of all with solutions of potass- 
ium hydrosulphide of varying concentration. Using a normal 
solution it was found that after boiling in a current of hydrogen 
for forty-five minutes the amount of hydrogen sulphide evolved and 
calculated for 72 grams of potassium hydrosulphide was 0°54 gram ; 
a 0°5N-solution under similar conditions gave 1°2 grams, 

It will be seen that the amount of unchanged hydrosulphide 
remaining in solution decreases progressively with addition of 
sulphur, and therefore the error decreases as the amount of sulphur 
increases. In order to overcome this error as far as possible the 
concentration of the hydrosulphide solutions used was varied from 
N to 0°25, the effect of this being to keep the solutions nearly 
saturated with respect to the pentasulphide formed, assuming that 
to be the chief product of the reaction, throughout the series of 
determinations. 

The results are expressed graphically in the diagram ; the numbers 
in brackets at the various points on the curve indicate the concen- 
trations of the hydrosulphide solutions in terms of normality. 

The results show that there is a gradual increase in the amount 
of hydrogen sulphide evolved with increase in the amount of 
sulphur added. In the diagram the theoretical straight lines are 
shown which would indicate the values for the tetrasulphide and 
pentasulphide if these were the only polysulphides respectively 
formed in the course of the reaction. 

The curve at first approximates very closely to the values for the 
tetrasulphide, but then bends away and eventually crosses the 
pentasulphide line not far away from the maximum, after which 
the values become practically constant. Taking into consideration 
the effect of alcoholysis it may be stated that all the values on the 
left-hand branch of the curve lie below the tetrasulphide line. 
Although the lower values possibly indicate the presence of poly- 
sulphides lower than the pentasulphide in the solution, and more 
especially of the tetrasulphide, it must be noted that unchanged 
hydrosulphide still remains in solution below the pentasulphide 
stage, and it is not until the amount of sulphur corresponding with 
the pentasulphide is present that the amount of hydrogen sulphide 
evolved is approximately equal to the maximum obtained in the 
series of determinations. 

It is clear that when quantities of sulphur less than those corre- 
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sponding with the tetrasulphide are used, very little di- or tri- 
sulphide, if any, can be formed, otherwise the values for hydrogen 
sulphide at these stages would be much higher. On the other hand, 
since the value at the pentasulphide stage is very near the theo- 
retical maximum for hydrogen sulphide there is no indication of 
the presence of any higher polysulphides in solution (compare the 
curve for sodium hydrosulphide, Joc. cit.). As a result of this 
investigation, therefore, as well as from the results of experiments 
in which the solid was allowed to separate out, it is fair to con- 
clude that the chief product of the action of sulphur on potassium 
hydrosulphide under the conditions described is the pentasulphide, 
and at the same time it is obvious that it is impossible to obtain 
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the lower polysulphides simply by adding the equivalent quantity 
of sulphur to solutions of the hydrosulphide. 


Solubility of Sulphur in Alcoholic Solutions of Potassium 
Hydrosul phide. 


It has already been shown by Kiister and Heberlein (Zeitsch. 
anorg. Chem., 1905, 43, 53) that aqueous solutions of sodium mono- 
sulphide are able to dissolve considerably more sulphur than is 
represented by any polysulphide hitherto isolated. The present 
authors have also shown (/oc. cit.) that alcoholic solutions of sodium 
hydrosulphide under certain conditions dissolve sulphur to an 
extent represented by the formula Na,S,.9. A similar determina- 
tion was made in the case of potassium hydrosulphide. It has been 
pointed out above that the solution is capable of dissolving at least 
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a proportion of sulphur corresponding with a possible hexasulphide, 
although such a product does not separate out. 

A 0°25N-solution of the hydrosulphide was shaken with excess of 
sulphur in a flask in a thermostat at 25° for forty-eight hours, a 
continuous current of dry hydrogen being passed through the solu- 
tion. The solution was then allowed to settle, and a portion was 
removed by means of a pipette, introduced into bromine water, 
made up to 1 litre, and the potassium and sulphur determined in 
aliquot portions: 


250 c.c. gave 0°1247 K,SO,. K=0°0559. 

250 , 4 10774 BaSO,. S=0°148. 

Atomic ratio, K=1: S=3°23, corresponding with Ky: S¢.4g. 

In the case of sodium hydrosulphide, using a 2N-solution at 25°, 
the ratio found was 2 : 6°36, and at 81° it was 2: 6°9, but the 
figure for the higher temperature is rather difficult to determine 
with accuracy. 

The addition of water to these solutions resulted in a copious 
precipitation of sulphur, and the same holds good for all solutions 
containing sulphur in proportions higher than that corresponding 
with the pentasulphide. It must be noted that in these experiments 
the solubility of sulphur in alcohol is not taken into account, but 


in any case it is so small as to have very little effect on the results. 


Action of Metallic Potassium on Alcoholic Solutions of the 
Pentasulphide. 


When alcoholic solutions of sodium tetrasulphide are treated with 
metallic sodium, reduction of the polysulphide takes place, and 
practically pure sodium disulphide separates out. A series of 
experiments was performed in order to determine if metallic potass- 
ium had a similar action on the pentasulphide. Reduction certainly 
takes place, but in no case were the products obtained individual 
compounds, but rather mixtures of lower polysulphides with un- 
changed pentasulphide. When excess of potassium was used the 
solution became’ paler in colour, and a yellow product separated 
out, which on analysis approximated to the trisulphide, but the 
figure for polysulphide sulphur was too high. 

In other experiments with more dilute solutions and varying 
amounts of potassium the products always contained unchanged 
pentasulphide, which appears to be “salted out’”’ from the solution 
by the potassium ethoxide formed. In all cases the figure for poly- 
sulphide sulphur was higher than that required for the trisulphide. 
The method therefore does not provide a means of arriving at a 
definite lower polysulphide as in the case of sodium, and consider- 
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ing the sensitive nature of the products separation of the con- 
stituent compounds would be a difficult operation. 


General Conclusions. 


Although it cannot be claimed that the results of this investiga- 
tion throw any further light on the actual constitution of the poly- 
sulphides, yet it may afford some evidence as to the extent to 
which sulphur can be taken up by any one member of the series of 
alkali metals to form a stable polysulphide. Biltz and Dorfiirt 
(loc. cit.; Zeitsch. anorg. Chem., 1906, 48, 297; 50, 67) were 
successful in obtaining both the tetra- and penta-sulphides of 
rubidium and cesium by the action of sulphur on aqueous solutions 
of the monosulphides. These compounds are perfectly well defined, 
and, moreover, the authors mentioned were able to show the exist- 
ence of hexasulphides which were characterised thermo-analytically 
in the course of a freezing-point-curve determination. It is hoped 
later to give the results of a similar determination for potassium— 
sulphur and sodium-sulphur, but in the meantime it may be noted 
that no evidence has been obtained in the course of the authors’ 
experiments of the existence of potassium hexasulphide. 

Taking into consideration the results of the work on potassium, 
rubidium, and cesium, we are able to recognise three definite and 
stable pentasulphides exhibiting a gradation in respect of certain 
properties, for example, solubility. The solubility in alcohol 
decreases with increase in atomic weight of the alkali metal, and 
it is fair to assume that the solubility in water would vary in the 
same direction, thus bringing these compounds into line with other 
series of salts of the same metals, such as the alums, platini- 
chlorides, etc. 

In the case of sodium we find that the highest stable polysulphide 
is the tetrasulphide, and although under certain conditions there 
is a tendency to form higher polysulphides, yet there is no definite 
evidence of the existence of a pentasulphide in the solid state, 
although the 8,” anion may be present in solution. 

Practically nothing is known concerning polysulphides of lithium, 
although a disulphide is supposed to exist. 

It would be interesting to determine if, by working with alcoholic 
solutions of rubidium and cesium hydrosulphides, the hexasulphides 
of these metals would separate out as stable compounds in the 
solid state, and the authors hope to carry out this investigation 
very shortly. 

The fact that alcoholic solutions of sodium tetrasulphide and 
potassium pentasulphides are still able up to a certain point to 
dissolve further quantities of sulphur demonstrates the tendency of 
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the sulphur complex in each case to combine with more sulphur. 
At the same time, however, this additional sulphur is apparently 
in a looser state of combination than that in the stable complex 
itself, since it is precipitated on the addition of water to the 
solution. It is possible that the tetrasulphide complex in the case 
of sodium, and the pentasulphide complex in the case of potassium 
represent the limits within which ordinary valency considerations 
apply, and that the sulphur which dissolves over and above these 
stages may be loosely associated to the complex as a result of the 
residual affinity exerted by the latter. 

These facts taken in conjunction with the work on rubidium and 
cesium point to the distinct influence of the metal itself on the 
number of atoms in the stable sulphur complex, and this view is 
also taken by Biltz and Dérfurt, who apply the well-known electro- 
affinity theory of Abegg and Bodlinder (Zeitsch. anorg. Chem., 
1899, 20, 457) to account for the formation of higher polysulphides 
of the alkali metals of higher atomic weight. 

Abegg and Bodlander show that where the ionising tendency 
(Tonisierungstendenz) of the metal is considerable that tendency is 
imparted to the anion which may normally show a weak ionising 
tendency. The anion, in order to “strengthen” itself, then tends 
to combine with other atoms or groups to form a complex. The 
ionising tendency of the alkali metals is shown to increase with 
increase of atomic weight, and Biltz and Dérfurt apparently con- 
sider that, in the case of the polysulphides, as the atomic weight 
of the metal increases there will be an iscrease in the number of 
sulphur atoms which go to make up the highest stable complex. 

On the other hand, Hamburger and Abegg (Zeitsch. anorg. 
Chem., 1906, 50, 437) in discussing the results of an investigation 
of the polyiodides of the alkali metals consider that in solution ions 
of different degrees of complexity are present, and that the parti- 
cular polyiodide which separates out depends entirely on the parti- 
cular ionic combination the solubility product of which is first 
exceeded. Moreover, it does not follow that the compound which 
separates out will represent a combination of the cation with the 
anion present in greatest concentration. The fact that the higher 
polyiodides are more readily formed as we pass up the series of 
alkali metals from lithium to cesium is explained on the ground 
that the solubilities of the higher polyiodides decrease in the same 
order, like the platinichlorides, etc. 

Abegg and Bodlinder have shown that this inverse order of 
solubility is frequently exhibited in the case of strong anions in 
combination with increasingly strong cations, and a normally weak 
anion becomes stronger owing to addition resulting in the formation 
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of complexes, a fact which is in agreement with the electro-affinity 
theory. 

It will be seen that Hamburger and Abegg (loc. cit.), in dealing 
with the polyiodides, and in referring also to the work of Biltz 
and Dérfurt, do not consider that the cation has a definite influ- 
ence on the particular number of atoms taken up by the anion 
to form a complex, but only on the formation of complexes in 
general, the degree of the substance separating out depending on 
solubility conditions. 

So far as the polysulphides are concerned, the work of the 
present authors does undoubtedly show the tendency for the forma- 
tion of one particular polysulphide ion in greatly predominating 
amount, in the case of sodium the tetrasulphide ion, and in that 
of potassium the pentasulphide ion. At present, however, further 
considerations must be withheld until data are collected sufficient 
to test these conclusions. 


The authors are indebted to Mr. F. Fowweather, B.Sc., for assist- 
ance in carrying out a portion of the experimental work. 
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CCLXV.—The Removal of Sulphur from Silver. 


By CreLtyn CoL?RAve BIsseErv. 


Tue fact that sulphur is found at times in silver, especially in the 
case of metal recovered from materials containing thiocyanates, has 
been mentioned by the author in a previous paper (this vol., p. 
1223). When recovering metal from such residues the danger can 
be removed to a large extent by a preliminary digestion of the 
material with warm ccncentrated hydrochloric acid. The last 
traces of sulphur can be removed by the addition of a little potass- 
ium nitrate to the sodium carbonate used in the recovery. 

The removal of sulphur from metallic silver by fusion with 
potassium nitrate is very tedious, as the oxidation proceeds very 
slowly. It appeared possible that the sulphur could be removed 
more readily by the addition of the necessary quantity of a second 
metal. The results obtained by adding copper and iron respec- 
tively have been studied to some extent. The effect produced by 
blowing air through the molten metal has also been determined. 
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The results obtained by the metallic additions have a further 
interest, since they show the nature of the chemical equilibrium 
in these cases at moderately high temperatures. 


I. Influence of Copper on Silver containing Sulphur. 


The freezing-point diagram for the mixture silver sulphide— 
cuprous sulphide has been determined by Friedrich (Metallurgie, 
1907, 4, 671), who found that mixtures of these substances form 
an unbroken series of solid solutions, the freezing-point curve falling 
to a minimum at 70 per cent. of silver sulphide, the freezing point 
of this mixture being 677°. 

Cuprous sulphide is the only sulphide of copper stable at high 
temperatures. 

The results given below tend to show that the equilibrium 
between the sulphides is not affected by the presence of excess 
of either or both of the metals. 

The effect produced by adding copper to silver containing 13°5 
per cent. of silver sulphide was first studied. It was found that the 
addition of small amounts of copper caused the first freezing point 
of the alloy to be lowered, whilst at. the same time the temperature 
of the halt in the cooling curve due to the materials being incom- 
pletely miscible in the liquid state was raised. This change con- 
tinued until 2 per cent. of copper had been added; the mixture 
then had only one main freezing point. An examination of the 
vertical section of the ingot at this stage showed that the mixture 
had separated into two layers in the liquid state. A further addi- 
tion caused the freezing point to rise to a maximum, with approxi- 
mately 3°5 per cent. of copper, and then to fall gradually. When 
about 9 per cent. of copper had been added, the cooling curve of 
the mixture showed a second break after the first freezing point, 
due to the separation of the copper-silver eutectic. The eutectic 
arrest, when it first appeared, occurred at a temperature consider- 
ably below the average value. The mixture gave only one freezing 
point when approximately 31 per cent. of copper had been added. 

It was evident after the first few determinations that copper was 
of little use for removing sulphur from silver. 

The effect of small additions of copper can only be explained on 
the principle that part alloys with the silver, whilst the remainder 
replaces the silver in a portion of the silver sulphide, forming 
cuprous sulphide which dissolves in the excess of silver sulphide 
present in the mixture. The initial rise in the temperature of 
incomplete miscibility is apparently due to the influence of the 
copper in lessening the solubility of the sulphide. This is to be 
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expected since cuprous sulphide is insoluble in copper. The low 
temperature of the eutectic halt in its early stages may be due to 
the presence of sulphur in solution. 

Microscopic evidence supports the above interpretation, since the 
amount of sulphide present remains fairly constant until 2 per 
cent. of copper has been added. A further addition of copper 
lessens the area of sulphide slightly, whilst the addition of more 
than 3°5 per cent. of copper rapidly removes practically the whole 
of the sulphide from the silver. 

In order to follow the changes a little more completely the effect 
of heating practically pure silver sulphide with varying percentages 
of copper was examined to some extent. It was found that the 
behaviour was very similar to that described above. The mixture 
separated into two layers in the liquid state, when about 3 per cent, 
of copper had been added. The freezing point of the layer rich in 
sulphide was determined in a number of cases. As was to be 
expected, since cuprous sulphide and silver sulphide form a con- 
tinuous series of solid solutions when melted together, these freezing 
points were very poorly defined. The temperature of the freezing 
point was lowered rapidly by the addition of copper. 

On examining these parts of the alloys under the microscope, it 
was found that the metallic portion of the mixtures had a very 
considerable solubility, especially in the case of mixtures containing 
a moderately high percentage of copper. 


EXPERIMENTAL. 


The determinations were carried out in a manner analogous to 
that described in the previous paper (loc. cit.). It was necessary 
to stir the various mixtures very thoroughly in order to ensure 
equilibrium. 

The following tables give information obtained from the cooling 
curves: 

TaBLeE I. 


Influences of Copper on Silver containing 13°5 per cent. of 
Silver Sulphide. 


Percentage of First freezing Second freezing 


Alloy number. copper. point. point. 
ae 0 920° 903° 

A.C. 17 0-5 917 908 

18 1-0 916 910 

1-5 915 911 

2-0 912 —_ 

2-8 917 — 

3-5 917 — 

4:3 910 — 

5-2 903 — 
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TABLE I (continued). 


Percentage of First freezing Second freezing 

Alloy number. copper. point. point. 
6-2 900° — 
. 892 — 

873 752° 
863 764 
840 771 
812 768 
782 172 
773 771 
796 771 
837 773 
867 772 


ab ode Bob ew ox 
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TABLE II. 


Influence of Copper on Silver Sulphide containing 1 per cent. 
of Free Silver. 


Percentage of First freezing Second freezing 
Alloy number. copper. point. point. 
802° — 
859 798° 
883 794 
898 777 
900 766 
903 756 
918 720 
920 
921 
921 
921 
910 
892 761 
847 770 
782 774 
803 774 


oo 
or) 


1-2 
2-5 
3-2 
4-0 
7-5 
0-8 
4-1 
6-9 
9-3 
3-2 
8-4 
3-3 
9-9 
7-2 


He G2 G2 DS DS et ee 


The second series of points for alloys A.C. 36—A.C. 44 are in 
every case the freezing points of the layer rich in sulphur. It was 
found impossible to determine similar freezing points in mixtures 
containing a higher percentage of copper with any degree of accu- 
racy. So far as could be determined, the freezing point appeared to 
rise steadily as the percentage of copper was increased. 

The compositions of the mixtures tabulated above were deter- 
mined from the weights of material used, since in the majority of 
cases there were two liquid layers, and it was found difficult to 
determine exactly the relative amounts of these. 

The curves obtained by plotting the above results are shown in 
Fig. 1. 
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II. Influence of Iron on Silver containing Sulphur. 


The relation between silver sulphide and ferrous sulphide has 
been determined by Schoen (Metallurgie, 1911, 8, 737), who found 
that mixtures of these substances form a simple eutectiferous series, 
the eutectic containing 11 per cent. of ferrous sulphide, with a 
melting point of 615°. 

It appeared highly probable that iron would be a suitable metal 


Fic. 1. 


Temperature. 


-~ 


ae Oe 
| | 
t in 


— ——— = 


| 
hen 
| 
- 
H + 
J 


10 20 L 40 


———_ 13'5 per cent. solution. 


9 9 


Percentage of copper. 


to add in order to-remove sulphur, since silver and iron are 
immiscible even at 1600° (Petrenko, Zeitsch. anorg. Chem., 1907, 
58, 212), and also ferrous sulphide is stable in comparison with the 
majority of other sulphides. 

In the present investigation the effect produced by adding vary- 
ing percentages of iron to molten silver containing 11°6 per cent. 
of silver sulphide has been studied. 
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Three mixtures only were examined, since these gave sufficient 
information. 
The following table gives the result of the thermal investigation : 


Tasxe III. 
Alloy number. Percentage of First freezing Second freezing 
_ iron. point. point. 
A.F. 1 0 927° 903° 
A.F. 2 1-2 951 904 
A.F. 3 5-8 960 none 
A.F. 4 10 960 none 


Alloys after A.F. 1 were found to contain two layers in the liquid 
state. The lower layer was rich in silver, whilst the upper layer 
was rich in sulphur. The freezing points given refer in all cases to 
the layer rich in silver. The upper layer in A.F. 4 appeared to 
freeze at a temperature above 1000°. 

Alloy A.F. 2 contains sufficient iron to saturate half the sulphur 
present. It will be seen that whilst the first freezing point is 
raised to 951°, the second freezing point is practically constant. 
It seems probable, therefore, that the iron combines with as much 
as possible of the sulphur present, and at the same time the 
sulphide formed is insoluble in silver. Microscopic evidence 
supports this view, since the sulphide remaining in solution in the 
silver in this alloy behaves in a manner similar to that of silver 
sulphide, towards etching media. The freezing point, 951°, corre- 
sponds with that of an alloy containing 4°5 per cent. of silver 
sulphide. Apparently, therefore, the ferrous sulphide formed dis- 
solves a considerable portion of the silver sulphide left in the 
metal. This is made the more probable by the fact that a polished 
section of the upper layer of the ingot shows traces of a eutectic 
structure. 

Alloy A.F. 3 contains sufficient iron to saturate the whole of the 
sulphur present. Apparently this is what does occur, since the 
freezing point of the mixture rises to that of pure silver, and there 
is no second freezing point. It was found, however, on examining 
the layer rich in sulphur under the microscope that silver sulphide 
was present. On adding a considerable excess of iron above that 
required to saturate the sulphur, the silver present in the upper 
layer was displaced by iron, the upper layer then consisting of 
practically pure ferrous sulphide. 

Iron, therefore, when added to molten silver containing silver 
sulphide appears to remove the sulphur from solution. 
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III. Effect Produced by Blowing Air through Molten Silver 
containing Sulphur. 


In the experiments being described dry air was blown through 
the molten metal at about 1000°, the rate being approximately the 
same in every case, 

The alloy contained 16 per cent. of silver sulphide, and 30 grams 
of alloy were used in each experiment. Table IV gives the results 
obtained. 


TaBLeE LV. 
Experiment Time of blowing air. 
number. Minutes. Freezing point. 
1 0 907° 
2 2 913 
3 7 921 
4 16 933 
5 29 943 
6 44 945 
7 — 959 
Fic. 2. 
960° 
950° 
3 940° od 
& a 
2 930° A 
§ A. 
S 920° 
910° L 
4 
900- 
10 20 30 40 50 


Time of blowing air: in minutes. 


In experiment 7 the material from experiment 6 was re-melted. 
Charcoal was added, and the mixture was well stirred. 

The curve obtained by plotting the results is shown in Fig. 2. 
It will be seen that the removal of sulphur is somewhat slow under 
the conditions of the experiments. The rate at which air was 
blown through the material was of necessity slow, owing to the 
violent spitting caused by a rapid stream of gas. 

Charcoal was added in experiment 7 to remove the oxygen 
present in solution in the silver, in order to determine whether the 
product at that stage was pure silver. The freezing point obtained 


ST 
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is slightly lower than that of pure silver. Microscopic examination 
showed that no sulphide was present. The low freezing point 
obtained was due probably to the small weight of material used. 


I wish to thank Mr. C. T. Heycock for suggesting the work to 
me, and the Research Fund Committee of the Chemical Society 
for a grant towards the cost of apparatus. 
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CCLXVI.—Researches on Silicon Compounds. Part VI. 
Preparation of Silicon Tetrachloride, Disilicon 
Hexachloride, and the Higher Chlorides of Silicon 
by the Action of Chlorine on 50 per cent. 
Ferrosilicon, Together with a Discussion on Their 
Mode of Formation. 


By Grorrrey MarrTIN. 


Tue method once exclusively used for preparing silicon tetra- 
chloride in the laboratory was Oecersted’s process (Ann. Phys. 
Chem., 1825, [ii], 5, 132) of passing chlorine over a red-hot mixture 
of silica and carbon. 

A great improvement was introduced by Gattermann and 
Weinlig in 1894 (Ber., 1894, 27, 1943; see also Gattermann and 
Ellery, Ber., 1899, 32, 1114), when they passed chlorine over 
crude silicon contained in a glass tube heated to 300—310°. They 
obtained by this process a product containing 80 per cent. of silicon 
tetrachloride, 20 per cent. of disilicon hexachloride, Si,Cl,, and 
0°5 to 1 per cent. of trisilicon octachloride, Si,Cl,. 

Up to the present time this has proved by far the easiest method 
of preparing, not only silicon tetrachloride, but also disilicon hexa- 
chloride and the higher chlorides of silicon. 

The cost, however, of preparing disilicon hexachloride in 
quantity by this method is almost prohibitive, and consequently 
disilicon hexachloride is sold at an extremely high price. 

As some kilos. of this costly product were necessary in order 
to carry out some of the research work on which the author is 


- 
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engaged, it became necessary to devise some cheap and convenient 
method of preparing disilicon hexachloride in quantity. 

After much preliminary work it was found that commercial 50 
per cent. ferrosilicon, such as is used for refining steel, can be used 
instead of the expensive silicon itself for the purpose of preparing 
disilicon hexachloride in quantity, and that this material forms 
by far the most economical known method of preparing silicon 
tetrachloride. 

In fact there can be no doubt that, in future, 50 per cent. ferro- 
silicon must prove the starting point for the preparation of all 


chlorinated compounds of silicon.* 
Consequently, a description of the method of using this material 


for preparing silicon tetrachloride, disilicon hexachloride, and the 
other chlorides of silicon, will be of some value to other workers 
on silicon compounds, as the optimum conditions were only 
arrived at after much troublesome experimenting and many pre- 
liminary failures. 

In order to give some idea of the extent to which the difficul- 
ties attached to the preparation of these highly hygroscopic liquid 
chlorides of silicon were overcome by means of the final form of 
apparatus described below, the author may state that he succeeded 
in isolating 3 kilos. of pure disilicon hexachloride, 200 grams of 
trisilicon octachloride, and more than 54 kilos. of pure silicon 
tetrachloride by passing 143 kilos. of chlorine over 50 kilos. of 
ferrosilicon. This was done in an ordinary chemical laboratory, 
and all leakage of chlorine and of the volatile silicon tetrachloride 
was so completely overcome in the final stages of this preparation 
that ordinary class work went on around the apparatus while the 
preparation was actively proceeding. 

Since water causes the instant decomposition of these chlorides, 
all traces of atmospheric moisture must be carefully excluded from 
all parts of the apparatus, and it is this necessity that makes their 
preparation a matter of so much trouble. 

The large amount of disilicon hexachloride prepared by this 
process enabled the author to obtain it in a state of very great 
purity, and so he was able to investigate its properties more care- 
fully than was possible with earlier workers. It was found, for 
example, that Gattermann and Weinlig’s value for the boiling 
point of disilicon hexachloride, Si,Cl,, namely, 145—146°, was 
undoubtedly a little too high, the true boiling point being 
144—145'5°/760 mm. The boiling points of the substance under 

* The silicon purchased as 50 per cent. ferrosilicon is nearly eighteen times cheaper 


than when purchased as pure silicon ; moreover, 50 per cent. ferrosilicon is readily 
available, the other grades being made only on the small scale. 
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pressures ranging from 12 mm. to ordinary atmospheric pressure 
were also accurately determined. They are tabulated on p. 2852. 

The density of pure disilicon hexachloride was found to be 
D? 1°5624; Troost and Hautefeuille gave D 1°58. 

The refractive index for sodium light (D line) was found to be 
1°4748 at 18°. Gattermann and Weinlig (Joc. cit.) give the re- 
fractive index for “red light” as 1°45. 

It was also shown that although at the ordinary temperature 
disilicon hexachloride does not combine with chlorine (although 
the latter is very soluble in it), yet at about 300° it takes fire in 
this gas and burns to silicon tetrachloride, thus, Si,Cl,+Cl,= 
28iC],. 

This is a new fact of considerable importance, since it throws 
light on the mode of formation of disilicon hexachloride by the 
action of chlorine on silicon or ferrosilicon (see below). 

Although Gattermann and Weinlig (Joc. cit.) showed that when 
water acts on disilicon hexachloride there is produced silico-oxalic 
acid, (Si0,H),, yet they seem to have overlooked the fact that 
there are also soluble colloidal forms of silico-oxalic acid produced 
at the same time, as the author proved in the course of this work. 
These colloidal forms are to be investigated. 

After the disilicon hexachloride had distilled, about 200 grams 
of crude trisilicon octachloride passed over. This, after careful 
fractionation, yielded about 150 grams of pure octachloride, which 
boiled at 210—213° under atmospheric pressure (Gattermann and 
Weinlig, Joc. cit., give 210—215°, and Besson and Fournier, Compt. 
rend., 1909, 148, 840, give 215—-218°. This value is undoubtedly 
too high). However, it was shown that trisilicon octachloride gradu- 
ally decomposed when distilled under the ordinary pressure, giving 
rise to a dark-coloured residue. To avoid decomposition it was 
found advisable to distil it under diminished pressure, It could 
be repeatedly distilled without decomposition at pressures below 
110 mm. (when it boiled at about 149°). Trisilicon octachloride is 
considerably less stable than disilicon hexachloride. The density is 
D} 1°61, and the refractive index (D line) 1°5135 at 14°5°. 

After the trisilicon octachloride had been removed the liquid 
remaining was fractionated under greatly diminished pressure, and 
higher chlorides were isolated in small quantities. These were 
decomposed by water, giving rise to white, amorphous products, 
which dissolved in alkalis with the evolution of hydrogen. A 
later communication will be made on this subject. Besson and 
Fournier (Compt. rend., 1909, 148, 839; 149, 34) recently 
described higher chlorides, which were isolated by a different 
method. 
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The residues left after removal of these chlorides consisted of 
(a) about 13 grams of a viscid, black, tar-like mass and (6) about 
160 grams of a black powder like animal charcoal. These products 
are now being investigated. 

It is thus shown that the product obtained by the action of 
chlorine on silicon and ferrosilicon is no simple substance, but a 
very complex mixture of silicon compounds, the different compon- 
ents of which are now in process of isolation. 

Gattermann and Weinlig (loc. cit.) explained the formation of 
disilicon hexachloride when chlorine passes over silicon at 300° by 
assuming that the chlorine first directly unites with the silicon to 
form silicon tetrachloride, thus: 

Si+ 2Cl, = SiCl,. 
Next they supposed that the silicon tetrachloride thus formed at 
once reacts with more silicon to produce the hexachloride, thus: 
8S8iCl, + Si=2Si,Cl,. 

For the last twenty years this explanation of Gattermann and 
Weinlig has been universally accepted as the correct one. However, 
this explanation is certainly quite erroneous for the simple reason 
that at the low temperatures employed by Gattermann and Weinlig, 
and also by the author in the preparation of disilicon hexachloride 
by the action of chlorine on ferrosilicon, silicon tetrachloride does 
not react with silicon to produce disilicon hexachloride in noticeable 
quantity. This is conclusively shown in the experiments quoted 
below. Gattermann and Weinlig made not the slightest attempt to 
verify their theory experimentally. Indeed, on theoretical grounds 
this formation at a low temperature of disilicon hexachloride from 
silicon and silicon tetrachloride would appear to be most improb- 
able since disilicon hexachloride is an endothermic compound, and 
its formation requires the absorption of a considerable amount of 
heat. 

A white heat would favour its formation (as in the similar case of 
nitric oxide), but a low temperature would not be expected to act 
in this way. Troost and Hautefeuille showed that at a temperature 
approaching the fusing point of porcelain (that is, at a white heat) 
the formation of disilicon hexachloride from silicon and silicon 
tetrachloride does take place to a limited extent (Ann. Chim. Phys., 
1876, [v], 7, 459), but the conditions under which the formation 
takes place in Troost and Hautefeuille’s experiments are entirely 
different from those under which it occurs in Gattermann and 
Weinlig’s experiments, where the temperature is kept quite low, 
and also in the author’s experiments, whereby disilicon hexachloride 
is produced by the action of chlorine on ferrosilicon, where also only 
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low temperatures are employed, so that arguments derived from 
Troost and Hautefeuille’s experiments do not apply in any way to 
the case now under consideration. 

The problem to be explained is how a large proportion, amount- 
ing to something like 20 per cent. of disilicon hexachloride, is 
produced by the action of chlorine on silicon at the low tempera- 
tures (about 360°) employed by Gattermann and Weinlig. 

The conclusive refutation of Gattermann and Weinlig’s theory is 
given by the following experimental facts established by the author. 

(1) When silicon tetrachloride is distilled over either silicon or 
ferrosilicon heated to any temperature between 200° and 340° no 
noticeable amounts of disilicon hexachloride can be detected in 
the resulting silicon tetrachloride; in other words, disilicon hexa- 
chloride is not formed by the action of silicon tetrachloride on 
silicon at moderately low temperatures, as Gattermann and Weinlig 
supposed. 

(2) Silicon tetrachloride was prepared by allowing chlorine to 
act on ferrosilicon at one end of a long tube packed with ferro- 
silicon, and the silicon tetrachloride thus produced was passed 
over the long length of heated ferrosilicon in the later portions 
of the same tube. Less disilicon hexachloride was found to be 
present in the resulting silicon tetrachloride than when only short 
lengths of ferrosilicon were used. According to the Gattermann 
and Weinlig theory, the longer the length of ferrosilicon traversed 
by the vapour of the silicon tetrachloride the better would be the 
opportunity for the reaction, 3SiCl,+Si=28i,Cl,, to proceed, so 
that an increased yield of disilicon hexachloride should have re- 
sulted. 

(3) Moreover, the lower the temperatures employed the higher 
the yield of disilicon hexachloride. For example, when the tubes 
containing ferrosilicon were kept at 180—200°, in some cases more 
than 8°6 per cent. of disilicon hexachloride was produced; at 
250—260° about 4°6 per cent., whilst at 300—310° only about 
4 per cent. was obtained. This should not be the case if the 
Gattermann-Weinlig theory be correct. 

It is therefore obvious that some other explanation of the 
formation of disilicon hexachloride and trisilicon octachloride must 
be sought for. 

The theory now advanced, which explains all the known facts 
in a satisfactory manner, is the following: 

Ordinary silicon (and also the metallic silicides) consists of 
complex chains of silicon atoms directly united together. The 
first action of chlorine on silicon (or metallic silicides) is, con- 
sequently, a complex one. The chain of silicon atoms is not 


MARTIN : RESEARCHES ON SILICON COMPOUNDS. PART VI. 2841 


immediately disrupted by the chlorine, but there are first pro- 
duced complex chlorinated products still containing chains of 
silicon atoms directly united. These complex chlorides are then 
attacked by more chlorine, and decompose into simpler chlorides, 
such as Si,Cl,,, Si;Clj», SigCljo, SigClio, and Si,Cly, all of which 
have been isolated. Lastly, the chlorine then attacks these 
chlorides and produces therefrom silicon tetrachloride. Thus 
silicon tetrachloride is not the first product of chlorination (as 
Gattermann and Weinlig supposed), but rather is the final pro- 
duct of chlorination, as indicated in the following scheme: 


| | 
-Si- Cl-Si-Cl SiCl, SiCl, SiC), 
| I I | 
-Si- CI-Si-Cl CI-Si-Cl SiCl, SiCl, 
| | 
-Si- CI-Si-Cl SiCl, SiCl, SiCl, 
 - 1 cl "ees a. 
-Si- -——> OFSi-Cl —> Sic, —> SiCl, —> SiC), 
| I | 
-3i- CI-Si-Cl CI-Si-Cl SiC], SiC], 
I | | 
~si- Cl-Si-Cl SiC], Sil, SiCl, 
I 


Chain of silicon First stage of 


Second stage 


Third stage Final stage 


atomsincrude _ chlorination. showing how showing the showing 
silicon. the chain of production the com- 
silicon atoms of disilicon pletechlor- 
is broken hexachloride ination of 
down by the and silicon the chains 
chlorine. tetrachloride. of silicon 
atoms to 
SiC], 


Consequently, silicon tetrachloride is the main product of the 
action, but small quantities of complex chlorides still containing 
directly linked silicon atoms remain in the silicon tetrachloride, 
thus indicating its mode of origin. 

The amount contained in the silicon tetrachloride of disilicon 
hexachloride, which possesses only two silicon atoms directly linked, 
is much greater than the amount of chlorides containing longer 
chains of silicon atoms, such as trisilicon octachloride, because the 
longer chains of silicon atoms are the first to be broken under the 
further action’ of the chlorine. 

The same considerations apply to the case of the metallic 
silicides, and the fact that silicides, such as 50 per cent. ferro- 
silicon, can be used for preparing disilicon hexachloride and higher 
chlorides containing directly linked silicon atoms (see above), may 
be taken as evidence that in these metallic silicides chains of 
directly linked silicon atoms are present, and that the small 
amounts of higher chlorides containing directly linked silicon 
atoms produced in their chlorination contain parts of the unbroken 
chains of silicon atoms which were originally present in these 


| 
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silicides, but which have been for the most part broken down, by 
the further action of chlorine, into silicon tetrachloride. 

The formation of disilicon hexachloride from ferrosilicon, for 
example, would be very simply explained thus: 

SiC], 

SiCl, 

The fact seems definitely established that many of these silicides, 
such as ferrosilicon, are simply mixtures of complex silicides, and 
in many cases there is reason to believe that the silicides are not 
“compounds” at all, but are merely solid solutions of metal in 
silicon. 

The following facts are in favour of this view of the formation 
of the higher chlorides of silicon: 

(1) Complex chlorides of silicon are invariably produced when 
chlorine acts on silicon or silicides, but (as shown above and below) 
their formation cannot be accounted for by the action of silicon 
on silicon tetrachloride. 

(2) That the disruption in the presence of chlorine of directly 
linked silicon atoms, such as exist in disilicon hexachloride, into 
silicon tetrachloride does actually take place was proved by pass- 
ing vapours of disilicon hexachloride mixed with chlorine through 
a tube heated to about 300°, when the disilicon hexachloride caught 
fire and burnt to silicon tetrachloride, thus: Si,Cl,+Cl,=2SiCl,. 
It was also proved that at the ordinary temperature disilicon hexa- 
chloride does not combine with chlorine to form silicon tetra- 
chloride. 

It is therefore practically certain that the small amounts of 
silicon hexachloride, octachloride, etc., found in the silicon tetra- 
chloride produced by chlorinating silicon or ferrosilicon, are 
simply the residue or debris of much larger quantities of silicon 
hexachloride or octachloride originally present, this residue having 
escaped destruction by the chlorine present owing to the fact that 
it was quickly removed from the sphere of action of the latter 
by quick cooling. 

(3) This theory also accounts satisfactorily for the fact that the 
lower the temperature at which chlorine acts on ferrosilicon the 
greater is the yield of disilicon hexachloride and other chlorides 
of silicon containing chains of directly united silicon atoms in the 
molecule. 

On the Gattermann-Weinlig theory the reverse effect would 
rather be expected to take place. 

(4) Next to carbon, silicon is the element having the most highly 
developed power of self-combination. Elementary silicon, there- 
fore, cannot be regarded as a mere aggregate of single silicon 
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atoms, but rather the element must be thought of as composed of 
complex molecules consisting of many silicon atoms directly united 
together, possibly in rings or chains, as in the case of carbon. It 
would, therefore, appear to be unreasonable to suppose that at the 
moment the chlorine atoms act on these molecules they immedi- 
ately fly to pieces with the production of single atoms of silicon, 
which are then acted on by the chlorine to produce silicon tetra- 
chloride. It is more reasonable to suppose that the chlorination 
takes place slowly and the whole complex silicon molecule is 
attacked, forming first complex chloro-compounds, which later, by 
the further action of the chlorine, break down into simple 
chlorides, the end-product of the whole complex chain of events 
being silicon tetrachloride. In this connexion there is the curious 
experimental fact (see p. 2847) that when chlorine is passed over 
ferrosilicon heated to a suitable temperature, the formation of 
silicon tetrachloride does not begin at once. First of all, a period 
elapses (which may last any time from thirty minutes to one hour, 
or even, under special and not well-understood conditions, to three 
hours) during which no silicon tetrachloride at all passes over, but 
in which it is possible that the surface of the ferrosilicon is being 
acted on with the production of complex chlorinated silicon com- 
pounds, by the further chlorination of which the silicon tetra- 
chloride is produced. | 

Once this initial stage is over, the formation of silicon tetra- 
chloride takes place with great rapidity. 


ExPERIMENTAL. 


Preliminary Experiments.—Some preliminary experiments were 
carried out by placing 50 per cent. ferrosilicon in glass tubes and 
passing chlorine through them while the latter were heated to 
various temperatures in a Gattermann’s bomb furnace. 

At first a temperature of 300—310° was maintained. It was 
soon found, however, that glass tubes were quite unsuitable for 
use with ferrosilicon. In the first place, the ferric chloride pro- 
duced by the chlorination of the iron sublimed down the tube, 
and soon caused it to block up, and the tubes usually broke when 
being cleaned out. Moreover, unless the stream of chlorine is 
very carefully regulated, the temperature of the reaction may rise 
so high that the glass may fuse at certain points. 

The use of glass tubes, therefore, was abandoned in favour of 
ordinary iron gas-piping, 30 mm. bore, fitted at the end with 
ordinary corks. It was found that the iron piping was soon burnt 
through by the chlorine at that end of the tube where the chlorine 
entered and began to react with the ferrosilicon. The expedient 
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_ of placing the ferrosilicon on movable iron troughs inside the tube 
was tried, but was abandoned, as the troughs stuck firmly to the 
inside of the tube (owing to the ferric chloride acting as a lute), 
and the latter could not be effectively cleaned out. 

Although, when the temperature of the furnace was maintained 
at 300—310°, the iron tube was very rapidly attacked by the 
chlorine, it was found that by employing a lower temperature the 
corrosive action of the chlorine was very much diminished. A tem- 
perature of 180—200° was found to be very suitable. A tempera- 
ture of 170° caused the action of the chlorine on the ferrosilicon to 
become so slow that it was abandoned in favour of the higher tem- 
perature. Moreover, by keeping the temperatures low, the yield of 
disilicon hexachloride (the substance it was desired to obtain in 
quantity) was practically doubled. Thus in the initial experiments, 
when the furnace was maintained at 300—310°, the yield of disilicon 
hexachloride in the crude silicon tetrachloride was about 4 per cent. 

When the furnace was kept at 250—260° the yield of disilicon 
hexachloride rose to 4°6 per cent., whilst at 180—200° the yield 
rose to 8°6 per cent. At 170° the action of chlorine on ferrosilicon 
took place too slowly for effective work. 


Apparatus for the Production of Silicon Tetrachloride and 
Disilicon Hexachloride in Quantity. 


As the result of these preliminary experiments an apparatus for 
producing silicon tetrachloride in quantity was built up. In it 
chlorine from a cylinder was dried by passing through sulphuric 
acid, and then, by means of a T-piece, was led alternately through 
two iron tubes set in a Gattermann bomb furnace and charged with 
ferrosilicon. The ends of the tubes were fitted with ordinary corks 
through which glass leading-tubes passed. 

The corks were best coated with paraffin-wax or bakelite varnish. 
A plug of glass-wool at the far end of the tubes arrested the ferric 
chloride, which slowly distilled down the tube, and tended to block 
up the leading tubes. The silicon tetrachloride was collected in a 
Winchester bottle. 

This apparatus worked well for the production of a few kilos. 
of silicon tetrachloride and a few hundred grams of disilicon hexa- 
chloride. When, however, it became necessary to prepare about 
50 kilos. of silicon tetrachloride, so that about 3 kilos. of disilicon 
hexachloride could be isolated therefrom, grave defects soon 
revealed itself in the apparatus. 

In the first place the corks needed constant replacement and 
repair even when well coated with bakelite varnish. Moreover, 
they often become impregnated with disilicon hexachloride and the 
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higher chlorides, which on contact with atmospheric moisture soon 
decomposed with the production of explosive silicon oxy-compounds, 
Consequently, the corks, after a time, became unpleasant to handle, 
since in forcing them into or withdrawing them from the tube 
explosions occurred, which, when much disilicon hexachloride had 
accumulated, could cause injury to the hands. It should be noted 
that all these compounds of silicon which contain silicon atoms 
directly united in the chain are, apparently, formed with the 
absorption of heat, and so are capable of explosion under suitable 
conditions. 

Frequently in the course of the experiment the corks blew off 
without warning with considerable violence, either as the result of 
a sudden blockage in the tube by the sublimed ferric chloride, or 
possibly, on certain occasions, by the presence of excess of chlorine 
explosively causing the ignition of the higher chlorides formed in 
the tube (see p. 2859). 

Leakage of chlorine from the corks could only be prevented with 
great difficulty, and as about 143 kilos. of chlorine were required 
for the production of the amount of silicon hexa- and tetra-chlorides 
needed, the leakage of chlorine became serious. It was, there- 
fore, essential to devise chlorine-tight end-pieces, and after some 
experimenting, the corks were finally displaced by detachable iron 
caps screwed on to the ends of the tubes. 

The threads were made gas-tight at first by the use of ordinary 
yellow soap (which acted admirably as a lute for chlorine), but 
later fine fibres of asbestos introduced into the threads were found 
to act better. The difficulty of chlorine leakage was thus sur- 
mounted, and the ends of the tube could be screwed off with ease 
and the tube withdrawn, washed out, and recharged when this was 
necessary. 

Since blockages ‘in the tubes invariably occurred after a certain 
interval of time, explosions could easily arise unless the pressure 
prevailing inside the tubes was properly controlled. This was done 
by attaching mercury manometers to the mouths of the tubes, any 
increase of pressure inside the tubes being indicated by the rise of 
mercury in these manometers, which also acted as safety valves. 

Lastly, it was necessary to absorb chlorine and other corrosive 
vapours which passed through the apparatus. This was very effi- 
ciently done by means of a lime absorber. It consisted of a wooden 
box, 100 em. long by 70 cm, wide, fitted with shelves so shaped 
that the chlorine passed over them in a zigzag fashion. The waste 
gases entered at the bottom, and escaped into the flues at the top 
through holes of about 3 cm. diameter bored in the shelves. The 
lime had to be changed every week, the face of the box being so 
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arranged that the front opened like a door, so that the shelves 
could be cleaned out when necessary. The box was made chlorine- 
tight by luting with ordinary yellow soap. The complete apparatus 
is shown in Fig. 1. A and A! are two chlorine cylinders, each 
holding about 42°5 kilos. of liquid chlorine. B and B! are the two 
series of sulphuric acid wash-bottles, whilst D and D! are the two 
3-cm. gas-pipe iron tubes, about 120 cm. long, fitted with iron 
leading pipes attached to iron screw-on caps, C and C1. F and F! 
are the two mercury manometers attached by means of glass and 
rubber tubing to the leading tubes of D and D', so that the pres- 
sures prevailing inside the pipes D and D! are accurately known, 
an increase of pressure being indicated by the rise of mercury in 
F and F', 


The mercury in the reservoirs of F and F' is covered with a layer 


Fie. 1. 
K a 
F ’ j ! , ¥. 
2 om 
: 14°-——~ 
A B ay || 5 ers 
A T a Fink peoonaes 
i Ju L = em 
= i pa” w 


of concentrated sulphuric acid, which protects the mercury to a 
large extent from vigorous attack by the chlorine gas. Z is a Gatter- 
mann bomb furnace, the internal temperature of which is indicated 
by the thermometer X. In these experiments the temperature was 
kept on the average between 180° and 200°. The tubes D and /! 
end in iron screw-on elbow joints #7 and £', from which a piece of 
iron pipe of 12 mm. bore projects into the two receiving vessels, 
@ and Q!. These consisted of two 2-litre filter-flasks, in which 
almost all the crude silicon tetrachloride passing over from the 
apparatus condensed, only a very small amount passing away 
through the condensers / and M! and collecting in the bottle J. 
An air-pump ? provided with a mercury trap # and a drying 
tube S is directly united to the flasks Q and Q!, and by forcing air 
into Q and Q! (after closing sundry clips controlling the exits from 
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the flasks) the crude silicon tetrachloride could be forced up the 
tubes X and X! (which reach almost to the bottom of the filter- 
flasks Y and Q!), along the pipe XX into the fractionating column 
7, and thus into the fractionating flask U, which is heated on a 
water-bath V. 

The fractionating column employed was a Young’s three-bulb 
evaporator still-head, which was fused on to a litre flask. The 
leading tube from the top of the distilling column 7 passes through 
a condenser H into a receiver J (a Winchester bottle). From J a 
leading tube Z runs to the catch-bottle V, and thence a wide lead- 
ing tube runs to the lime absorber WW. Here any chlorine and 
silicon tetrachloride vapours enter at the bottom, and after circu- 
lating over the lime on shelves in zigzag fashion, escape at the top 
into the flues. The absorption of chlorine and silicon tetrachloride 
by the apparatus was almost complete. 

The iron piping was packed with coarsely crushed ferrosilicon, 
which commenced a few cm. in front of the place where the tubes 
enter the furnace, and extended for some 20 to 30 cm. down the 
tube, about 1 to 2 kilos, of ferrosilicon being used for each charge. 
This short length of ferrosilicon was found advantageous in that 
the chlorine was found to be completely absorbed by the short 
layers, and a longer length only tended to cause the tube to block 
up owing to the sublimed iron chloride condensing in the ferro- 
silicon at the far end of the tube. With short lengths of packing 
a considerable space was left in which the iron chloride could con- 
dense without choking the tube. 

The method of working the apparatus was as follows: The tubes 
DD and D'P! were charged with ferrosilicon, placed in the furnace, 
and their temperature was raised to 180—200°, the temperature 
being indicated by the thermometer X. Chlorine was then admitted 
in a moderately rapid stream, the rate being controlled by the 
screw valves attached to the cylinders A and A}?. 

The action does not take place immediately. Usually the silicon 
tetrachloride begins to pass over in about thirty minutes after 
starting the operation. Occasionally, however, it was found that 
an hour’s, two hours’, and in some cases three hours’ passage of the 
chlorine through the heated tube was necessary before the silicon 
tetrachloride began to pass over in quantity. 

Temperature did not seem to play a great part in shortening the 
length of this preliminary period, as even when the furnace was 
maintained at as high a temperature as 300—310° the same pheno- 
menon was observed, and keeping the temperature at 190—200° 
did not cause a sensible prolongation of this period of waiting 
before the silicon tetrachloride began to pass over. Also a very 
8 Zz 2 
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rapid initial stream of chlorine did not shorten sensibly the initial 
period. 

This effect is, possibly, due to the fact that the chlorine must 
have time to attack the surface of the ferrosilicon and produce inter- 
mediate complex silicon chlorinated compounds before the produc- 
tion of silicon tetrachloride takes place. When, however, the action 
started it took place moderately rapidly with a considerable rise 
of temperature, and the silicon tetrachloride passed over in a steady 
stream and collected in the vessels Q and Q! as a yellow, fuming 
liquid. 

The tubes are worked for about three hours at a time either 
simultaneously or alternately, but as a rule matters were 80 
arranged that one tube was in full action whilst the other one was 
being pulled out and re-charged. The silicon tetrachloride con- 
densed in the filter-flasks GQ and @Q!, and was from time to time 
forced by the pressure of the chlorine from the cylinders up the 
pipes X and X! into the fractionating flask UV. When this was 
done the screw clips were once more opened and the action con- 
tinued. When, for any reason, it was inconvenient to use the 
pressure of the chlorine from the cylinders A and A! for forcing 
the liquid from @Q into U, air-pressure applied by the air-pump P 
was used for this purpose. 

The silicon tetrachloride collecting in U was then fractionally 
distilled, the distillate being collected in the Winchester bottle J. 
J when filled is removed and replaced by another Winchester 
bettle. The silicon tetrachloride is stored in these bottles, using 
ordinary corks well boiled in paraffin wax, the corks being taken 
out of the paraffin bath and while still warm being forced into 
the neck of the bottle, and covered over with a layer of melted 
paraffin, so as to prevent any danger of atmospheric moisture reach- 
ing the silicon tetrachloride. When sealed in this way the silicon 
tetrachloride can be stored for months without depreciation. 

When the flask U became nearly full of residues of high boiling 
point, the water-bath was replaced by an oil-bath heated to a 
higher temperature. 

The disilicon hexachloride passed over at 147—149°, and was 
collected separately and fractionated in a separate flask, also pro- 
vided with a fused-on Young evaporator still-head. There was 
thus left behind in U a gradually increasing amount of residues 
of high boiling point, which were later proved to consist of higher 
chlorides of ‘silicon (see below), besides a mass of tarry material 
and a black, solid residue, much like animal charcoal in appear- 
ance. 

Method of Charging and Discharging the Tubes.—When it was 
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observed that the supply of silicon tetrachloride dropping into Q 
or Q! from one of the tubes diminished, or when the pressure in 
the tube began to increase rapidly (as indicated by the mano- 
meters F or F'), it was known that either the tube was becoming 
exhausted, or that it was becoming choked up by sublimed ferric 
chloride. This occurred, on the average, every three hours. Con- 
sequently, it became necessary at the end of this time to withdraw 
the tube, clean it out, recharge it with ferrosilicon, and replace 
it in the furnace. 

To do this, the supply of chlorine is cut off from the tube, then 
the end caps C and £ are rapidly unscrewed (these caps are cold 
enough to be touched by the hand, since they project nearly 30 cm. 
from the furnace), the tube is drawn out over iron rollers (not 
shown in the illustration), then, while hot, rapidly transferred 
to a sink, a cork fitted with a leading tube is attached to one 
end (after first withdrawing the plug of glass wool), and a supply 
of cold water allowed to flow into the tube. This water, enter- 
ing the tube, is soon heated to boiling, and largely converted 
into steam, which blows the contents of the tube through the open 
end of the tube and effectively and rapidly cleans out the ferric 
chloride in the tube. The stream of cold water is allowed to flow 
through the tube until it runs clear, when the ferric chloride has 
been completely removed. The iron rod with a pointed end is 
then applied to clear out any particles of ferrosilicon still adhering 
to the tube, and the wet, clean tube is then transferred to a com- 
bustion furnace and dried by heating, while a current of air is 
blown through it. The tube is then removed from the combustion 
furnace, rapidly charged with 50 per cent. ferrosilicon, as described 
on page 2847, and replaced in the furnace (being run in over the 
iron rollers above-mentioned), the caps at C and D are screwed on, 
and the stream of chlorine is once more let into the apparatus. 

As each iron tube corroded very rapidly just at one point, 
namely, at the end where the chlorine enters and acts on the ferro- 
silicon, in recharging care was taken to place the charge at the 
end of the tube opposite to that end previously used, so that the 
corrosion should take place equally at each end. However, even 
with this precaution, the average life of each iron tube was not 
more than six experiments, the chlorine burning a hole through 
the iron piping at the point where the action was most 
intense. 

The 50 per cent. ferrosilicon washed out of the tube is well 
washed with water until free from iron chloride, dried in an air- 
oven, and once more was used for recharging a second tube. The 
ferrosilicon was thus used over and over again until consumed. 
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At the same time considerable wastage occurred, owing to particles 
of the ferrosilicon escaping as a suspension in the washing water. 

Too finely powdered ferrosilicon was found not to be suitable 
for use, as blockages in the tube were thereby easily occasioned. 

Since traces of higher chlorides accumulate at the ends of. the 
tube and are converted by the washing water into explosive oxy- 
compounds, these, on striking with the iron rod or on scraping, 
may explode if in considerable amount, so that a certain amount 
of care must be taken not to allow these residues to accumulate 
to any great extent in the tubes. 

This apparatus, which was gradually evolved out of repeated 
failures and mishaps, worked very smoothly and efficiently, and 
by means of it about 54 kilos. of silicon tetrachloride were pre- 
pared by the passage of 143 kilos. of chlorine gas over about 
50 kilos. of 50 per cent. ferrosilicon. 

From the crude silicon tetrachloride, which was distilled as 
fast as it was produced in the continuous fractionating apparatus, 
there were produced about 3 kilos. of disilicon hexachloride and 
about 500 grams of residues which contained nearly 200 grams of 
trisilicon octachloride. 


Apparatus for Distilling the Crude Silicon Tetrachloride so as to 
Separate the Higher Chlorides. 


The problem of dealing with large quantities of the highly 
volatile silicon tetrachloride (b. p. 59°) is complicated by the fact 
that atmospheric moisture decomposes it, with the formation of 
hydrochloric acid and the deposition of silicic acid. 

Consequently, all the vessels in which the liquid is kept must 
be most carefully dried before allowing the silicon tetrachloride to 
enter. 

A description of the apparatus used for distilling and fraction- 
ating this silicon tetrachloride in the absence of atmospheric 
moisture may prove useful to other workers, as the final form was 
arrived at only after much troublesome experimenting. The 
apparatus finally used is shown in Fig. 2. 

A is a vessel filled with coarsely granulated calcium chloride. 
To this vessel an air-pump, P, is attached, connexion being made 
through a mercury trap, 7, to prevent the silicon tetrachloride 
vapours reaching the pump. By this means dry air can be forced 
into the Winchester bottle, B, containing the crude silicon tetra- 
chloride to be distilled. As a result of this increased air-pressure, 
the crude silicon tetrachloride is forced up the tube KK into the 
fractionating flask D, which is fitted with a Young’s three-bulb 
evaporator still-head, C, fused on to D. At the top of the still- 


en es 


aes, 


eee eee 


MARTIN : RESEARCHES ON SILICON COMPOUNDS. PART VI. 2851 


head C is a thermometer, M@. The leading tube from the still- 
head passes through a condenser, V, as shown. The flask D is 
placed on a water-bath, H, and after the proper amount of crude 
silicon tetrachloride has been forced into D from the reservoir B, 
it is fractionated, the residual disilicon hexachloride (b. p. 145°), 
together with the higher chlorides, remaining behind in D, whilst 
the volatile silicon tetrachloride (b. p. 59°) passes up the column 
C and, condensing in JW, runs into the receiver Z. F is a catch 


Fie 2. 


for any silicon tetrachloride vapour that does not condense in #, 
C being an auxiliary condenser. In hot weather F should be 
immersed in ice. P leads out to the flues. 

The bottle B, the distilling column C, the bottle #, and the 
flask F are all fitted with corks which have been boiled in paraffin 
wax. 

By means of this apparatus many kilos. of silicon tetrachloride 
can be continuously distilled free from contact with atmospheric 
moisture, and separated from the residues of high boiling point, 
which thus accumulate in the flask D, 
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As the liquid concentrates in D it becomes dark brown, almost 
black, whilst the liquid in ¥ consists of almost pure silicon tetra- 
chloride containing a little dissolved chlorine. It is of a yellowish 
colour, but can be rendered colourless by allowing it to remain for 
some days in contact with freshly-ignited animal charcoal, followed 
by redistillation. 

When a sufficient quantity of residues has collected in D, the 
water-bath, H, is replaced by an oil-bath, and the residues are 
distilled, the bulk of the material passing over (after the silicon 
tetrachloride has been removed) at 147—-148° under the ordinary 
atmospheric pressure. There remains in D some black fluid resi- 
dues, and a black powder resembling animal charcoal. 


Redistillation of the Crude Disilicon Hexachloride. 


The crude disilicon hexachloride distilled, as above described, 
from the residues was now purified by keeping it over freshly 
ignited animal charcoal, and was then fractionally distilled from an 
apparatus made entirely of glass, the fractionating column employed 
being a Young’s three-bulb evaporator still-head fused to the flask. 
During this operation the most rigorous precautions had to be taken 
to dry most thoroughly all the vessels used in the distillation, other- 


wise a turbid distillate would result. 

Ordinary drying by washing out with alcohol followed by ether 
and blowing warm air through the apparatus was not efficient 
enough. The flasks had to be heated nearly to redness (after the 
preliminary washing with alcohol and ether), and then, after blow- 
ing out with hot air, must be attached still fairly hot to the receiver. 
The pure substance boils at 144—145°5°/760 mm. The boiling 
point, 145—146°, given by Gattermann and Weinlig (Joc. cit.) is 
undoubtedly a little too high. The boiling points under diminished 
pressures were also determined as follows: 


Boiling Points of Disilicon Hexachloride. 


Pressure. Pressure. Pressure. 


144-145-5 


The pure substance froze to a white, ice-like mass at — 3°, which 
did not finally melt until a temperature of —1° was reached, 
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The density of disilicon hexachloride determined with 200 6684 
grams was found to be Df 1:5624. Troost and Hautefeuille gave 
1°58 at 0°. 

The refractive index for sodium light (D line) as determined by 
the hollow prism method was found to be 1°4748 at 18°. Another 
determination by a drop method gave 1°4775 at 14°5°. Gatter- 
mann and Weinlig gave the refractive index for “red light” 
as 1°45. 

Although Gattermann and Weinlig showed (Joc. cit.) that when 
water acts on disilicon hexachloride, silico-oxalic acid is produced, 
thus: 

Si,Cl, + 4H,O = (Si0,H), + 6HC1, 

in the form of a white precipitate, insoluble in acids, but soluble 
in alkalis with the evolution of hydrogen, yet it seems to have 
escaped their notice that soluble colloidal forms of silico-oxalic acid 
are produced at the same time. This was proved as follows: 
disilicon hexachloride was treated with a little water, when a 
white precipitate of silico-oxalic acid separated, which was col- 
lected. The residual clear liquid, however, still contained some 
silico-oxalic acid in colloidal solution, as was proved by adding to 
the liquid a few drops of concentrated ammonia solution, when a 
considerable gelatinous precipitate was obtained. This colloidal 
form of silico-oxalic acid is now being further investigated, and an 
account will be given in another paper. 

Analysis of Disilicon Hexachloride.—By means of a small pipette 
made of a piece of small-bore glass tubing drawn out at one end 
and fitted with a rubber teat at the other end (the whole pipette 
being most carefully dried before use), 1°3029 grams of disilicon 
hexachloride were trausferred to a dry weighing bottle, exactly 
weighed, and then decomposed by water rendered alkaline with 
ammonia, The contents of the weighing bottle were finally rinsed 
out, the precipitated silicic acids collected, the washings exactly 
neutralised with nitric acid and titrated with silver nitrate, using 
potassium chromate as indicator. (Found, Cl=78'9. Cale., Cl=78°9 


per cent.) 


Isolation and Properties of Trisilicon Octachloride, SigClg. 


After the crude disilicon hexachloride had been distilled over, 
there remained in the flask a dark-coloured mass, consisting of 
liquid and solid. The liquid was poured into a fractionating flask, 
and there remained a black, amorphous powder resembling animal 
charcoal, and weighing 160 grams. This powder is undergoing 
examination. 

The black liquid, weighing about 377 grams, was now distilled, 
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using a rod-and-disk fractionating column fused on to the flask, 
and heating on a metal bath. 

After separating the disilicon hexachloride still in the liquid 
between 141° and 147° (atmospheric pressure), the temperature 
rose rapidly to 170°, and then more slowly to 185°. The weight 
of the fraction boiling at 141—185° was 128 grams. 

The temperature then rose rapidly from 185° to 200°, when the 
receiver was again changed, 64 grams distilling between 185° and 
200°. The bulk of the liquid, amounting to 185 grams, passed 
over, however, at 200—220°, a large portion of which distilled at 
about 215—217°. 

There remained in the flask about 20 c.c. of a dark-coloured 
liquid boiling at above 220°, which was worked up separately (see 
below). 

The distillates, which consisted of yellow, fuming liquids, were 
now subjected to careful fractionation under diminished pressure, 
using a 21 rod-and-disk fractionating column fused on to a glass 
flask, and heating from an oil-bath. The liquids were easily 
separated into some disilicon hexachloride and trisilicon octa- 
chloride, the latter being obtained pure after one or two fractiona- 
tions. The amount of pure trisilicon octachloride was about 150 
grams, about 30 grams of impure liquid being simultaneously 
isolated. 

The published accounts of the boiling point of this substance 
vary considerably. Thus, Gattermann and Weinlig (loc. cit.) give 
210—215°, whilst Besson and Fournier (/oc. cit.) give 215—218°. 
There, is no doubt, however, that Besson and Fournier’s product 
was not pure. The boiling point of the above product was 
210—213° under the atmospheric pressure, agreeing closely with 
Gattermann’s value. The substance slowly decomposes when 
boiled under the ordinary pressure, giving rise to a dark-coloured 
residue. It is this partial decomposition of the trisilicon octa- 
chloride that is responsible for the fact that the boiling point 
is not very sharp under atmospheric pressure. When the liquid 
is distilled, however, under diminished pressure, no decomposi- 
tion occurs; the liquid can be repeatedly distilled under dimin- 
ished pressure to the last drop, without any discoloured residue 
appearing in the flask. The boiling points were determined as 
follows : 
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Pressure. 


210-213 


The density was found to be D}’ 1°61, and the refractive index 
for sodium light (D line) 1°5135 at 14°5°. Gattermann and Weinlig 
(loc. cit.) gave the refractive index for “red light” as 1°52. 

The liquid was analysed in the same way as disilicon hexa- 


chloride (p. 2853). (Found, Cl=76°99. Calc., Cl=76°97 per cent.) 


Isolation of Higher Chlorides. 


After separating the trisilicon octachloride as above described 
there remained in the flask about 20 c.c. of a black liquid which 
boiled at above 220°. This was now subjected to fractional distilla- 
tion under diminished pressure in a specially constructed small 
glass flask, fitted with a rod-and-disk fractionating column, the 


flask and fractionating column being fused together. 

After very considerable difficulties, founded principally on the 
fact that the silicon chlorides must not be exposed to moist air, 
and the fact that only very small quantities were distilled, at least 
three distinct substances were separated after repeated distillation : 
(1) a viscous, colourless liquid (3 grams), boiling at about 150°/ 
15 mm.; (2) a viscous, colourless liquid (2 grams), boiling at about 
190°/15 mm.; and (3) a white, crystalline solid (0°5 gram), which 
melted at about 218°, and distilled at about 210°/12 mm. It was 
soluble in dry benzene or light petroleum, and could be crystallised 
therefrom. The examination of these substances is being continued. 

These chlorides, when thrown into water, yield white, amorphous 
products, easily combustible, which are no doubt the higher 
analogues of silico-oxalic and mesoxalic acid. These white sub- 
stances also dissolve in potassium hydroxide to a clear solution 
with the evolution of hydrogen. 

The examination of these products is being continued. 

There remained in the flask at least 13 grams of a black, viscous 
mass, like tar or pitch, which was soluble in ether, insoluble in 
absolute alcohol, and evolved hydrogen with sodium hydroxide. 
The latter product, however, is still undergoing examination. 
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Distillation of Silicon Tetrachloride over Silicon. 


According to Gattermann and Weinlig (loc. cit.), silicon and 
silicon tetrachloride interact as follows: 
3S8iCl, + Si= 28i,Cl,. 
In order to test this the following apparatus was employed : 


By means of air pressure (from an air-pump) applied to the Win- 
chester bottle F, pure silicon tetrachloride contained therein could 
be forced into the weighed flask B, which is heated on the water- 
bath. This silicon tetrachloride was then distilled from the flask 
B through an iron pipe C packed with commercial silicon broken 
into a coarse powder and heated in a Gattermann’s bomb furnace A. 
The iron tube was about 120 cm. long and 3°1 cm. in internal 
diameter, with screwed-on iron terminal caps and connecting pieces, 
the screw-threads being made gas-tight by asbestos packing. The 
silicon tetrachloride passing through the tube C’ is condensed in the 
two-litre filter flask D. By means of an air-pump attached to H 
the silicon tetrachloride accumulated in D could (after closing 
certain clips connected with the exit tubes from the apparatus) be 
forced back up the tube HHL into the reservoir F, and thence, if 
required, up the tube GG back into the flask B, so that the 
silicon tetrachloride in F could be repeatedly distilled over the 
silicon in CC as many times as desired. 

By means of this apparatus 3 kilos, of silicon tetrachloride free 
from disilicon hexachloride were repeatedly distilled over silicon 
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in the tube C, first of all when the latter was maintained at 200°, 
then at 280°, then at 310°, and lastly at 340°. 

However, in no case were noticeable amounts of disilicon hexa- 
chloride found to have been formed in the distilled silicon tetra- 
chloride. 

Hence it is proved that the 20 per cent. yield of disilicon hexa- 
chloride stated by Gattermann and Weinlig to have been produced 
by the action of chlorine on silicon at 300—310° could not possibly 
have arisen, as they supposed, from the action of silicon tetra- 
chloride on silicon. 


Distillation of Silicon Tetrachloride over Ferrosilicon. 


The preceding experiment was repeated, the silicon in the tube 
being now replaced by 50 per cent. ferrosilicon. However, in this 
case, also, no noticeable amounts of disilicon hexachloride could 
be proved to be produced when 3 kilos. of silicon tetrachloride 
were distilled over the mass, even when the tubes were heated to 
300° and 340°. 

It was thought that although ordinary silicon tetrachloride when 
distilled over ferrosilicon will not give rise to disilicon hexachloride, 
nevertheless it might be possible that silicon tetrachloride at its 
moment of formation might react with ferrosilicon to produce some 
disilicon hexachloride. 

The easiest way to test this was to pass chlorine over a very 
long length of ferrosilicon, so that the silicon tetrachloride pro- 
duced in the first part of the tube would then react with more 
ferrosilicon as it passed in the vaporous condition down the tube. 
Consequently, the following experiment was carried out: 

A piece of Jena combustion tube, about 200 cm. long and 2 cm. 
bore, was drawn out at one end and bent at right angles. It was 
filled with a long layer of 50 per cent. ferrosilicon in the form of 
a coarse powder, and the tube was placed through two bomb 
furnaces in succession, and was therein heated to 300—310°, while 
a slow current of dry chlorine was passed through the tube. The 
resulting silicon tetrachloride was received in a distilling flask 
immersed in cold water. 

It was found that when the action commenced, the chlorine was 
practically completely absorbed by the first 15 or 17 cm. of heated 
ferrosilicon, so that the silicon tetrachloride would have every 
opportunity as it passed over the succeeding lengths of ferrosilicon 
to react with more silicon to produce disilicon hexachloride. How- 
ever, the resulting silicon tetrachloride was found on distillation 
to contain less than 4 per cent. of disilicon hexachloride. Since 
the average yield of disilicon hexachloride produced by passing 
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chlorine over short lengths of ferrosilicon considerably exceeds this, 
it is quite certain that the effect of passing silicon tetrachloride 
over a long length of heated ferrosilicon is not to increase the 
yield of disilicon hexachloride. If anything, it led to a diminu- 
tion of the yield. 

These experiments prove conclusively that the Gattermann- 
Weinlig reaction certainly does not proceed to a noticeable extent 
at low temperatures, and that therefore their explanation of the 
presence of disilicon hexachloride and higher chlorides in the 
silicon tetrachloride produced by chlorinating silicon or ferrosilicon 
is inadmissible. 


Action of Chlorine on Disilicon Hexachloride. 


The author’s theory that complicated chlorinated silicon com- 
pounds are first produced when chlorine acts on silicon or metallic 
silicides, and that silicon tetrachloride is formed from these by the 
further action of chlorine, was now put to the test of experiment, 
and it was definitely poved that chlorine acts vigorously on 
disilicon tetrachloride (and no doubt still more vigorously on the 
more unstable higher chlorides) at 300—340° so as to break up 
the chain of directly united silicon atoms, with the production of 
silicon tetrachloride, thus: 

C1,Si-SiCl, + Cl, = 28iC],. 
It was proved that disilicon hexachloride burns directly to silicon 
tetrachloride in the presence of chlorine, the experiment being 
carried out as follows: 

A stream of chlorine (dried by passing through concentrated 
sulphuric acid) was passed into a 150 c.c. flask containing about 
50 grams of pure disilicon hexachloride and heated on an oil-bath, 
the temperature of which was gradually raised to 165° or 166°. 
The leading tube of the distilling flask was inserted firmly through 
a cork at one end of an iron tube, whilst at the other end of the 
iron tube there was an iron elbow joint screwed on, which was 
fitted with a reducer. A piece of iron piping from this projected 
into a receiving flask, passing in through a rubber stopper. The 
receiving flask had its leading tube projecting into a similar flask, 
the two latter flasks being immersed in ice. 

The iron tube was contained in a Gattermann’s bomb furnace, 
the temperature of which was maintained at about 340°. 

A continuous stream of chlorine was now passed through the 
apparatus. So long as the temperature of the oil-bath in which the 
first flask was immersed was not sufficiently high to cause the 
disilicon hexachloride to boil, the silicon tetrachloride was not 
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noticed to be passing over rapidly into the receiving flask. Also, if 
the iron tube was kept at about 120—130° and the disilicon hexa- 
chloride was allowed to distil through it in a stream of chlorine, no 
inflammation followed. If, however, the temperature of the tube 
was kept at 300—340°, as soon as the vapour from the boiling 
disilicon hexachloride, mixed with chlorine, reached the iron tube 
a mild explosion took place, a red flame shot back into the flask, 
and the disilicon hexachloride could be observed burning with a 
reddish flame all over its surface in the atmosphere of chlorine. 

When the supply of chlorine was checked the flame rose and 
burnt round the end of the tube projecting into the flask through 
which the chlorine entered, the chlorine here burning in an atmo- 
sphere of disilicon hexachloride vapour. Dense, brown fumes 
accompanied the combustion of the disilicon hexachloride, and at 
the same time the silicon tetrachloride produced as the result of the 
combustion streamed through the iron tube, and rapidly collected 
in the receiving flask, the liquid being of a dark colour. 

The experiment, however, must be carried out with caution, or 
it may become dangerous. Although on one occasion about 
45 grams of pure disilicon hexachloride were burnt to silicon tetra- 
chloride in this manner with only a mild initial explosion, yet in 
another experiment a violent explosion suddenly occurred towards 
the end of the operation, the first flask being hurled with great 
violence into the air and shattered with a loud report. 

The liquid which distilled over was proved to be almost entirely 
silicon tetrachloride, distilling almost to the last drop between 50° 
and 70°, and leaving an inappreciable weight of a brown film in 
the flask. Disilicon hexachloride boils at 145°, whereas silicon 
tetrachloride boils at 59°. 

Although disilicon hexachloride will thus catch fire and burn in 
a stream of chlorine to silicon tetrachloride, yet it was proved that 
this action only took place at temperatures higher than the boiling 
point of the hexachloride. At the ordinary temperature disilicon 
hexachloride does not combine with chlorine to a noticeable extent. 

This was proved as follows: Dry chlorine from a cylinder was 
passed first through a wash-bottle containing concentrated sulphuric 
acid, and then into a distilling flask containing about 270 grams of 
pure disilicon hexachloride, the chlorine escaping through another 
wash-bottle also containing concentrated sulphuric acid. 

A very considerable amount of chlorine was observed to dissolve 
in the disilicon hexachloride in the flask, without, however, any 
visible signs of a chemical action taking place; thus no sensible 
evolution of heat could be detected as the chlorine entered the 
flask. The stream of chlorine was passed through the disilicon 
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hexachloride for about four hours, and the liquid containing the 
dissolved chlorine was then allowed to remain for twenty-four hours. 

When the liquid in the flask was heated (being connected for this 
purpose with a condenser and a receiver rendered moisture-proof by 
calcium chloride tubes), on the first application of heat the disilicon 
hexachloride appeared to boil at quite a low temperature. This 
effect, however, was entirely due to the escape of the dissolved 
chlorine, and on distilling the 270 grams of disilicon hexachloride 
certainly less than 1 c.c. of liquid passed over below 100°, thus 
conclusively proving that no appreciable amount of silicon tetra- 
chloride (b. p. 59°) was produced by the prolonged action of chlorine 
on disilicon hexachloride. 

This experiment also proved the very great solubility of chlorine 
in disilicon hexachloride, a fact which does not appear to have. 
been noted before. 


The refractive indices of disilicon hexachloride and _ trisilicon 
octachloride were kindly determined for the author by Mr. H. R. 
Nettleton. 

The author desires to thank the Senate of London University for 
a grant from the Dixon Fund which nearly covered the heavy 
expenses of the investigation. He also desires to thank the Chemical 
Society for likewise giving him a grant for the same purpose. 
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CCLXVII.—Researches on Silicon Compounds. Part 
VII. The Action of Ethyl Alcohol on Disilicon 
Hexachloride. 


By GrorrRey MarrTIN. 


Wuaen ethyl alcohol acts on disilicon hexachloride, Si,Cly, the 
following nine substances are, theoretically, capable of being pro- 
duced, none of which has hitherto been described: 


mc, me, renee rei o_o 

SiCl,,OEt SiCl(OEt), SiCl,-OEt Si(OEt), SiCl(OEt), 

One form. i Two forms. ‘ 7 Two forme. ; 
Oe), MOOR), rn rian 
SiCl,-OEt  SiC(OEt),  SiCKOEt), —Si(OEt), 


Two forms. One form. One form. 
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The production of these substances has also considerable 
theoretical importance, because the chlorine atoms contained 
therein can be easily replaced by hydroxy-groups merely by treat- 
ment with water, and the properties of the resulting hydroxy-com- 
pounds have some interest, as they afford means of verifying the 
author’s theory* (Ber., 1912, 45, 2097; 1913, 46, 3289) that 
directly united silicon atoms, in the presence of attached oxygen 
atoms, are decomposed by alkalis with the evolution of hydrogen, 
according to the scheme: 


Thus each direct Si-Si linking corresponds with the evolution of 
one molecule of evolved hydrogen. The properties and descrip- 
tion of these hydroxy-compounds are best left to a later paper. 
The present paper is. confined to the preparation and properties 
of the above-mentioned chlorinated compounds. 

Having prepared a considerable amount of pure disilicon hexa- 
chloride as a starting point, the author was able to prepare in a 
pure condition compounds of the following formule: Si,Cl,-OEt, 
Si,C1,(OEt),, Si,C],(OEt),, SigCl(OEt);, and Si,(OEt),. 

It will be noticed that each of the substances Si,Cl,(OEt),, 
Si,Cl,(OEt);, and Si,Cl,(OEt), can, theoretically, exist in two 
structurally different forms. However, in actual practice the 
author up to the present was unable to find more than one modifi- 
cation of each of these forms. Either the two modifications of 
each variety boil at the same temperature, or, what is more likely, 
the action proceeds almost to completion in one direction only, the 
one modification being produced in overwhelming amount and the 
other in traces, so that it is difficult to isolate the two isomerides. 

One curious fact that appears when alcohol is added to disilicon 
hexachloride is the circumstance that, apparently, a most vigorous 
action sets in, the mixture appearing to boil with the copious 
evolution of hydrogen chloride. Nevertheless, such an intense cold 
is produced that hoar-frost collects on the sides of the flask. 


* In view of Kipping’s footnote (this vol., p. 484) I wish to draw attention to the 
paper (T., 1913, 108, 119) in which I have dealt in detail with the accusations now 
repeated by him. With Kipping’s suggestion that readers should refer to and 
compare the original papers bearing on the matter at issue I am in full agreement. 

In regard to Kipping’s statement that my preliminary note (Ber., 1912, 465, 
2097) was published without his permission, I would point out that as the 
experiments were designed and carried out by myself alone, Kipping’s permission 
was not necessary. 

VOL. CV. 9A 
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This is an example of a vigorous chemical action taking place 
with the absorption of so much heat that water can easily be frozen 
thereby. 

The feebleness of the chemical forces tending to bring about the 
interchange of the chlorine atoms of the disilicon hexachloride for 
ethoxy-groups is also, no doubt, responsible for the fact that when 
disilicon hexachloride is treated with excess of alcohol, substitution 
of ethoxy-groups for chlorine does not proceed quantitatively with 
the production of the compound Si,(OEt),, thus: 

Si,Cl, + 6EtOH = Si,(OEt), + 6HCl, 
but a mixture of lower chlorides is formed, and the last chlorine 
atoms of the disilicon hexachloride are quite difficult to displace 
by ethoxy-groups, repeated heating and distillation with excess of 
alcohol being necessary before the last traces of chlorine are ex- 
pelled and the compound Si,(OEt), is obtained. 

It is true that the first equivalents of chlorine of the disilicon 
hexachloride molecule are readily displaced by ethoxy-groups, yet 
as each successive chlorine atom is removed the displacement pro- 
ceeds with greater and greater difficulty, so that the substances 
Si,Cl,(OEt), and Si,Cl(OEt); do not any longer fume very notice- 
ably in air, and are scarcely acted on by ethyl alcohol at the 
ordinary temperature.. They must be heated with alcohol to 100° 
and above before any visible action, such as the evolution of 
hydrogen chloride, takes place. 

The separation of these chlorinated silicon compounds by frac- 
tional distillation in a pure state proved a most difficult task, very 
prolonged and numerous fractionations being necessary before 
complete separation of the various components was effected. The 
difficulties were enormously increased by the fact that these sub- 
stances react with traces of moisture, giving white, explosive pre- 
cipitates, and causing a turbidity in the resulting liquids. Con- 
sequently, every vessel used in these repeated fractionations had 
to be most carefully freed from every trace of moisture by carefully 
washing out with alcohol, followed by ether, heating almost to 
redness in a luminous gas flame while a current of dry air was 
passed through the flask, and affixing fresh from the heating and 
while still fairly hot to the fractionating apparatus. Only thus 
can absolutely clear, colourless fluids, free from every trace of 
turbidity, be obtained. Moreover, in the fractionating apparatus, 
corks had to be dispensed with as far as possible, and for this reason 
the long fractionating columns had to be fused on to the flasks, 
the union by means of a cork proving unsatisfactory. 

Rubber corks, after a time, were attacked by the liquids, be- 
coming hard and cracked. 
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Other difficulties also arose, on account of the corrosive action 
of these liquids on the skin. They set up painful sores which took 
a long time to heal, and as in the repeated fractionations the chang- 
ing of the vessels made contact of the fingers with these liquids 
almost unavoidable (owing to traces adhering to the sides, etc., of 
the vessels), it was found highly advisable to protect the thumb 
and fingers with indiarubber coverings. 

Tn the following table are compared the physical properties of 
the different members of the series: 


Refractive 

Boiling point index 
Substance. under 34 mm. Density. (D line). 
Si,Cl, 60-5° 1-5624) 1-4748 at 18° 
8i,Cl,(OEt) 84 1-388%° 1-4568 ,, 14-5° 
Si,Cl,(OEt), 104 1-270%° 1-4432 ,, 14-5° 
Si,Cl,(OEt),; 122 1-163” 1-4333 ,, 14-5° 
Si,Cl,(OEt), — —- — 
Si,Cl(OEt), 138 1-092!" 1-4205 ,, 145° 
Si,(OEt), 141  0-97187" 1-4134 ,, 145° 


It will be seen that as we proceed down the series from Si,Cl, 
to Si,(OEt),, there is a progressive increase in the value of the 
boiling points; the substitution of a single chlorine atom in Si,Cl, 
for an ethoxy-group causes an increase in the boiling point of 
23°5°/34 mm., but the successive displacements of chlorine by 
ethoxy] effects a rapidly diminishing value in the rise of the boil- 
ing point, until finally the last two members of the series, namely, 
Si,Cl(OEt), and Si,(OEt),, boil at nearly the same temperature— 
so near together, in fact, that it is difficult to separate a mixture 
of these two substances by fractional distillation. 

The same gradation of physical properties is apparent when the 
densities are compared. Thus, whilst disilicon hexachloride has a 
density of 1°56, hexaethoxysilico-ethane, Si,(OEt), (D 0°97), is 
actually lighter than water; the intermediate members of the series 
have intermediate values. 


EXPERIMENTAL. 


Some preliminary experiments were first made. In one case 
7 grams of disilicon hexachloride were treated with about 100 c.c. 
of ethyl alcohol (99°8 per cent.), and in another case 21 grams of 
disilicon hexachloride were treated with 50 c.c. of ethyl alcohol. 

In each case a vigorous action took place, much hydrogen 
chloride was evolved, and the liquid became so cold that the flasks 
containing the liquid became covered with ice, whilst a thermo- 
meter placed in one flask registered —9°. ‘Two layers of liquid were 
observed to form. 


After distilling over the excess of alcohol the residual oils decom- 
9A 2 
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posed on distillation under the ordinary pressures, the thermometer 
rising rapidly to 200°, and dense brown fumes appeared in the flask 
and a brown mass remained behind. 

Under diminished pressure, however, colourless oils distilled over 
without decomposition, but they were evidently mixtures, since 
under 15 mm. pressure some liquid distilled at 65—96°, but about 
75 per cent. passed over at 110—115°/15 mm., after which the 
thermometer rose and a small quantity of liquid distilled over at 
170—180°/15 mm. 

Attempts to fractionate these liquids showed that they consisted 
of complex mixtures of different substances, and that when disilicon 
hexachloride is treated with excess of alcohol the action does not 
proceed quantitatively, thus: Si,Cl,+ 6EtOH =Si,(OEt),+6HCI, 
but leads to the production of intermediate chlorinated products in 
very considerable quantity. 

All these colourless oils contained chlorine, and when thrown into 
water they produced white precipitates, which dissolved on warming 
(but not in the cold) with sodium or potassium hydroxides with the 
evolution of hydrogen. They also evolved hydrogen with ammonia. 

When thrown into water, however, the change from an oil to a 
white solid took some little time, and no heat perceptible to the 
hand (although perceptible to a thermometer) was evolved. 

When exposed to the air in a dish the oils became transformed 
into transparent, solid glasses, which also possessed the power of 
dissolving in warm potassium hydroxide with the evolution of 
hydrogen. 

That it was atmospheric moisture (and not oxygen) that con- 
verted the oils into glasses on exposure to air was proved by the 
fact that when equal q:antities of the oils were exposed (1) to dry 
air in a desiccator (over sulphuric acid), and (2) to the ordinary 
moist air outside the desiccator, it was found that only the surface 
exposed to the moist air outside the desiccator exhibited this solidi- 
fying effect. 

These preliminary experiments proved that the action of ethyl 
alcohol on disilicon hexachloride was no simple one, and that in 
order to isolate pure products considerable quantities of disilicon 
hexachloride would have to be treated with alcohol, and the result- 
ing liquid very carefully fractionated. 

Accordingly, in all, some 600 grams of disilicon hexachloride 
were treated with ethyl alcohol, and the products isolated after 
many months’ fractional distillation, as described below. 


ome 
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Pentachloroethoxysilico-ethane, Si,Cl,-OEt, and Tetrachloro- 
diethoxysilico-ethane, Si,Cl,(OEt),. 


Eighty-four grams of disilicon hexachloride (1 mol.) were placed 
in a flask fitted with a reflux condenser, and 15 grams (1°05 mol.) 
of ethyl alcohol were gradually run in (with continual shaking) 
through a stoppered funnel. 

A vigorous action took place as the alcohol entered, much hydro- 
gen chloride was evolved, and the liquid in the flask became 
slightly yellow and very cold, so that ice was deposited on the sides 
of the containing flask. A few drops of an orange-coloured liquid 
appeared to float on the surface of the liquid in the flask. 

On heating, however, under a reflux condenser on the water- 
‘bath for one hour these orange-coloured drops gradually disap- 
peared, the liquid finally appearing almost colourless. After leaving 
overnight the liquid was distilled under diminished pressure, using 
a Young’s 15-rod-and-disk fractionating column fused on to the 
distilling flask. 

However, a great many fractionations proved that the fraction- 
ating column used was not efficient enough to separate sharply the 
various components of the mixture, and it was also evident that 
larger quantities of material would have to be employed in order 
to obtain pure products. Four main fractions were isolated : 

Fraction 1—Up to 80°/35 mm. The liquid boiled fairly con- 
stantly at 60—65°/35 mm., then for some time at 75°/35 mm. The 
thermometer rose slowly to 80°/35 mm. 

Fraction 2.—80—90°/35 mm. The bulk passed over at 82—87°/ 
35 mm. 

Fraction 3.—90—100°/35 mm. 

Fraction 4.—100—110°/35 mm. 

The experiment was repeated three times, using the following 
quantities: (1) 101 grams of disilicon hexachloride and 21 grams of 
ethyl alcohol. (2) 100 grams and 21 grams respectively. (3) 105 
grams and 22 grams respectively. This makes in all about 390 grams 
of disilicon hexachloride treated with 79 grams of ethyl alcohol. 

Each of these fractions was then fractionated, using a Young’s 
20-rod-and-disk fractionating column, with the result that there 
were finally obtained, after a very prolonged series of fractiona- 
tions : 

(1) A colourless, fuming liquid, boiling at 50—52°/35 mm. and 
131—136°/767 mm., which contained silicon and chlorine, but was 
not disilicon hexachloride (which boils at 145°/760 mm.). The yield 
was, however, ouly 8 c.c., and it was certainly not pure, so that it 
was not further examined. 
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(2) About 17 c.c. of a fuming, colourless liquid, boiling at 
59—61°/35 mm. and 144—146°/767 mm., which was unchanged 
disilicon hexachloride. 

(3) One hundred grams of a colourless, mobile, fuming liquid, 
boiling at 83°5—84°5°/34 mm., which was pentachloroethoxysilico- 
ethane, Si,Cl,-OEt (see below). 

(4) Fifty-four grams of a colourless, fuming liquid, boiling at 
104°/35 mm., which proved to be tetrachlorodiethoxysilico-ethane. 

(5) About 155 grams of residues separated from the various 
fractionations in isolating the fractions (3) and (4). 

Since both the liquids (3) and (4) boiled constantly, and all 
efforts to alter their boiling points proved unavailing, they were 
analysed as follows: 

The liquid was introduced into a weighing bottle (without touch- 
ing the sides, etc., of the latter) by means of a small pipette fitted 
with a rubber teat, the stopper quickly inserted, and the whole 
weighed. Water was then quickly introduced into the weighing 
bottle in order to decompose the chloride. The white solid which 
appeared was first treated with concentrated ammonia (which 
caused the evolution of hydrogen, and thus loosened the precipitate 
adhering to the sides of the vessel), and the liquid and precipitate 
were rinsed out into a beaker and warmed for some time on the 
water-bath with a little ammonia until the effervescence of hydrogen 
ceased. The liquid could be then either acidified with nitric acid 
and the chlorine estimated by the Volhard method, or exactly 
neutralised with nitric acid, and the chlorine estimated by titrating 
with V/10-silver nitrate, using potassium chromate as indicator. 

In the present case the clear liquid was filtered from the precipi- 
tate, the latter being well washed, and the liquid was neutralised 
with nitric acid, made up to 250 c.c., and titrated with V/10-silver 
nitrate. 

Liquid (3) (b. p. 83°5—84'5°/35 mm.): 

0°5910 gave Cl=63°7. 

C,H;OCI1,S8i, requires Cl=63°6 per cent. 

The liquid, therefore, was practically pure pentachloroethoxy- 
silico-ethane, Si,Cl,-OEt. 

Liquid (4) (b. p. 104°/35 mm.) : 

0°8990 gave Cl=49°7. 

C,H,,0,C1,Si, requires Cl=49°1 per cent. 

This liquid, therefore, needed some purification. It was treated 
with a very small amount of alcohol to remove the excess of chlorine, 
and the liquid was again fractionated, the first and last portions 
of the distillate being rejected. The liquid finally obtained, which 
boiled at the same temperature as that given above, was found to 
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‘contain Cl=49°2, and so was practically pure tetrachlorodiethoxy- 
silico-ethane, Si,Cl,(OEt),. 

Pentachloroethoxysilico-ethane, Si,Cl,"OEt, is a mobile, colourless, 
fuming liquid, boiling at 83°5—-84°5°/35 mm., having D? 1°388 
and nj” 1°4568. It does not solidify when immersed in a freezing 
mixture of ice and salt. When exposed to moisture it is converted 
into a white solid, which can be made to explode by touching with 
a hot glass rod or even by brushing with a test-tube brush. A full 
description of these explosive hydroxy-derivatives is reserved for a 
later paper. - 

Tetrachlorodiethoxysilico-ethane, Si,Cl,(OEt),, is a mobile, colour- 
less, fuming liquid, boiling at 104°/34 mm., and having D? 1°270 
and 3° 1°4432. It does not freeze when immersed in a mixture 
of ice and salt. It is decomposed by water to form an explosive 
white hydroxy-compound. 

The preceding results prove that in general when one oquinalaail 
of alcohol acts on disilicon hexachloride the reaction by no means 
proceeds quantitatively, thus: 

Si,Cl, + EtOH =Si,Cl,-OEt + HCl. 

Although pentachloroethoxysilico-ethane is the main product, a 
very considerable amount (more than 30 per cent.) of tetrachloro- 
diethoxysilico-ethane is produced at the same time, and the conse- 


quence is that some free disilicon hexachloride is left uncombined, 
and can actually be separated from the mixture by fractional 
distillation. 


Trichlorotriethoxysilico-ethane, SigCl,(OEt)s. 


From the previous distillations there had accumulated about 
155 grams of residues, consisting mainly of a mixture of penta- 
chloroethoxy- and tetrachlorodiethoxy-silico-ethane, together with 
some trichlorotriethoxysilico-ethane and similar products. In order 
to convert this mixture into the trichloro-derivative, 55 c.c. of ethyl 
alcohol (99°8 per cent.) were gradually added and the mixture con- 
stantly shaken, and heated on the water-bath for one hour. As 
the ethy! alcohol entered a vigorous action ensued, much hydrogen 
chloride was evolved, and the flask became very cold. After leaving 
overnight the liquid was fractionated under diminished pressure, 
using a Young’s 20-rod-and-disk fractionating column fused on to 
the distilling flask. 

Only a few c.c. passed over between 60° and 115°/35 mm. At 
115—116°/35 mm. the thermometer remained constant until about 
10—15 c.c. of liquid had distilled over. The bulk of the liquid 
passed over between 123° and 125°/35 mm., about 80 c.c. being 
-here collected, and the thermometer then rose to 130—135°/35 mm. 
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On cooling, the residue in the flask solidified after standing over- 
night, forming a dirty grey mass, which melted when gently 
heated. 

The various fractions were now subjected to a prolonged and 
careful series of fractionations, whereby there was isolated about 
50 grams of a liquid boiling constantly at 123—124°/35 mm.: 

0°5741 gave Cl=35°6. 

C,H,;0,Cl,Si, requires Cl=35°7 per cent. 

Trichlorotriethoxysilico-ethane is a colourless, fuming liquid, 
boiling at 123—124°/35 mm., and having Df? 1°163 and nj>° 
1:4333. It does not solidify when immersed in a freezing mixture 
of ice and salt. It is soon decomposed by atmospheric moisture, 
yielding a white, explosive hydroxy-compound. The liquid acts 
strongly on the skin, causing deep and painful wounds, which do 
not readily heal. 


Attempt to Isolate Dichlorotetraethozysilico-ethane, Si,Cl,(OEt),. 


From the previous distillations there had accumulated about 
111 grams of liquid, largely consisting of trichlorotriethoxysilico- 
ethane, together with some tetrachlorodiethoxy- and dichlorotetra- 
ethoxy-silico-ethane. This mixture was placed in a flask, and about 
60 c.c. of ethyl alcohol were run in with constant shaking. Much 
hydrogen chloride was evolved, and the liquid became very cold. 
The mixture was then subjected to fractional distillation. Nearly 
all passed over between 130° and 137°/33 mm., the bulk distilling 
at 131—132°/33 mm. 

After prolonged fractionation a colourless liquid was isolated, 
boiling at 132—133°/35 mm., 121°/23 mm., 116°/18 mm., and 
110°/12 mm. 

Nearly 70 grams of this liquid were isolated, and this was shown 
by analysis (Found, Cl=17°3) to be a mixture of dichlorotetra- 
ethoxy- (Cl=23°0) and chloropentaethoxy-silico-ethane (Cl=11°2). 

The mixture was subjected to prolonged fractional distillation, 
whereby some of the first fractions had their chlorine content 
raised to 18°7 per cent. However, it was not found possible to 
obtain dichlorotetraethoxysilico-ethane, Si,Cl,(OEt),, in a pure 
condition, the boiling points of the mono- and di-chloro-derivatives 
being so close together as to make a complete separation of both by 
fractional distillation alone a matter of considerable difficulty, at 
least with the small quantities available. 


Chloropentaethoxysilico-ethane, Si,Cl(OEt),. 


With the object of isolating the above compound, some of the 
residues and fractions from previous distillations, amounting in ail 
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to about 66 grams, were collected and placed in a flask, and about 
9 grams of ethyl alcohol were added. On adding the alcohol, how- 
ever, apparently no action took place at the ordinary temperature, 
the liquid becoming neither sensibly hot nor cold to the hand, nor 
was any visible amount of hydrogen chloride evolved. On heat- 
ing, however, an action set in, some hydrogen chloride being 
evolved. 

It is thus evident that as the substitution of the chlorine for 
ethoxy-groups in the disilicon hexachloride molecule proceeds, the 
action takes place less and less readily, substances like dichloro- 
tetraethoxysilico-ethane not being noticeably acted on by alcohol 
at the ordinary temperature, although this action takes place 
readily enough on heating. 

During the distillation, however, the flask, while being heated 
on a metal-bath, burst, and the liquid was lost. 

A fresh attempt was therefore made to isolate chloropentaethoxy- 
silico-ethane by acting on disilicon hexachloride with the theoretical 
amount of alcohol. 

Disilicon hexachloride (138 grams; 1 mol.) was placed in a flask 
and treated with 99°8 ethyl alcohol (120 grams). Hydrogen 
chloride was evolved, and the flask became cold. The liquid, 
after being heated on the water-bath to complete the action, was 
fractionally distilled under diminished pressure, the heating being 
carried out on a metal-bath. After about 80 grams of a liquid 
boiling at 120—124°/15 mm. had distilled over, and while the 
flask was nearly half full of residual liquid, a violent explosion 
took place, the flask being shattered, and the fragments hurled 
vertically into the air with such force that an indentation was made 
in the hard plaster on the ceiling, 4 or 5 metres above the working 
bench. 

The employment of a metal-bath, therefore, for heating the flask 
appeared inadvisable, as the explosion possibly arose from over- 
heating the residues of high boiling point left in the flask. As 
will be shown in a subsequent paper, many compounds containing 
silicon atoms directly united are explosive under certain conditions. 

In all the subsequent distillations the flasks were heated on oil- 
baths, the temperatures of which were carefully controlled so as 
to avoid overheating, and with this precaution no further explosions 
were met with in the course of many subsequent distillations. 

The preceding experiment was once more repeated, with precau- 
tions against overheating. Disilicon hexachloride (138 grams) was 
placed in a flask, and 99°8 per cent. ethyl alcohol (120 grams) was 
gradually added. Hydrogen chloride was evolved, and cold was 
produced. The liquid was then heated on the water-bath for one 
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hour until the evolution of hydrogen chloride had ceased, and the 
flask and its contents were allowed to remain overnight. 

The weight of the contents of the flask after the evolution of 
hydrogen chloride had ceased was 167 grams, so that 138 grams 
of disilicon hexachloride had yielded about 167 grams of product 
and lost 91 grams of hydrogen chloride. 

According to the equation Si,Cl, + 5EtOH =Si,Cl(OEt); + 5HCl, 
138 grams of disilicon hexachloride should give 161 grams of 
chloropentaethoxysilico-ethane and lose 93 grams of hydrogen 
chloride. 

The numbers actually found agree sufficiently closely with the 
theoretical to make certain that the action had taken place almost 
quantitatively. 

The liquid was therefore fractionally distilled, the fractionating 
flask being immersed in an oil-bath, the temperature of which was 
not allowed to rise above 175° in order to avoid the danger of 
overheating. 

After about 20 grams of liquid had passed over between 75° 
and 120°/15 mm., the main fraction of 112 grams passed over, 
boiling very constantly, between 120° and 123°/15 mm. In the 
flask remained about 25 grams of residue of higher boiling point. 
The main fraction, boiling at 120—123°/15 mm., was now sub- 
jected to fractional distillation, using a Young’s 20-rod-and-disk 
column fused on to the distilling flask, which was heated in an oil- 
bath to about 160°. There was thus obtained a fraction boiling 
very constantly at about 121°/15 mm. 

However, the substance was certainly not quite pure, a chlorine 
determination, carried out as previously described, using chromate 
as indicator, giving Cl=12°0 (Calc., Cl=11°2 per cent.). Con- 
sequently, the excess of chlorine was removed by adding a very 
little alcohol to the liquid, and then subjecting it to fractional and 
repeated distillation, neglecting the first and last parts of the 
distillate. 

There was thus obtained the main bulk of liquid, which, when 
three successive fractions were taken, all boiled at the same 
temperature of 126—127°/19 mm., and seemed quite pure. 

A chlorine estimation was next carried out with each of the 
three successive fractions, and gave, respectively, Cl=11°5, 
Cl=11°2, Cl=11°1. 

There is no doubt, therefore, that the substance was fairly pure 
chloropentaethoxysilico-ethane, which requires Cl=11°2 per cent. 

Chloropentaethoxysilico-ethane, Si,Cl(OEt),, is a colourless 
liquid (DY 1°092, m}}° 1°4205) which does not fume noticeably in 
the air, but on exposure to atmospheric moisture gives a white, 
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amorphous, explosive hydroxy-compound. The liquid does not 
solidify when immersed in a freezing mixture of ice and salt. The 
boiling points were determined under different pressures, as 
follows: 
Pressure 13 mm. 14mm. 15mm. 16mm. 18 mm. 20 mm. 22 mm. 
Boiling point 119° 120° 121° 122° 124° 127° 129° 
Pressure 23 mm. 24 mm. 27 mm. 30 mm. 32 mm. 36 mm. 

130° 131° 134° 136° 137° 139° 


Hexaethoxysilico-ethane, Si,(OEt),. 

About 151 grams of chloropentaethoxysilico-ethane, prepared as 
previously described, and boiling at about 120—121°/15 mm., was 
placed in a flask fitted with a reflux condenser. On adding about 
32 c.c. of ethyl alcohol (1 mol.), no visible action appeared to take 
place. On heating on the oil-bath, however, the evolution of 
hydrogen chloride began at about 100°, and became quite vigorous 
when the temperature of the oil-bath reached 110—120°, showing 
that the action, Si,Cl(OEt),+ EtOH=Si,(OEt),+ HCl, was pro- 
ceeding. 

On distilling the liquid, which passed over for the most part 
between 120° and 124°/15 mm., no alcohol distilled over, so that 
the absorption of alcohol was complete. However, a little chlorine 
was present in the distillate, and in order to remove this about 
30 c.c. of alcohol were added, and the liquid was heated on the 
water-bath under a reflux condenser. The excess of alcohol could 
be distinctly seen distilling up the condenser, condensing, and 
dropping back on the liquid in the flask, so that excess of alcohol 
was certainly present. 

The alcohol was distilled over, and in it was found a perceptible 
amount of chlorine. The liquid was therefore repeatedly boiled 
with alcohol, the excess of alcohol being distilled off each time. It 
was found very difficult, even when excess of alcohol was repeatedly 
present, to expel every trace of chlorine, proving that the above 
reaction by no means readily proceeds to completion. 

However, there was finally obtained a colourless, non-fuming 
liquid boiling at 123°/15 mm., which, after repeated fractionation 
with a Young 20-rod-and-disk fractionating column fused on to the 
distilling flask, was found to be free from chlorine. In analysing 
the liquid, the silicon was estimated by heating some of the sub- 
stance in a platinum crucible with concentrated sulphuric acid, 
igniting, and weighing the resulting silica: 

0°2800 gave 0°4499 CO, and 0°2354 H,O. C=438; H=9°4; 

Si=17°2. 

1°1281 gave 0°4120 SiO,. 

C,,Hg,0,Si, requires C=44°07; H=9°2; Si=17°3 per cent. 
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Hexaethoxysilico-ethane is a colourless, non-fuming oil which 
does not solidify in a freezing mixture of ice and salt. It boils at 
123°/15 mm., 1329/24 mm., 137°5°/30 mm., and 141°/34 mm., 
and has D}’ 0°9718 and nj}}*1'4134. The boiling points are thus 
very close to those of chloropentaethoxysilico-ethane. It is acted 
on by alkali, with the evolution of hydrogen. 


The refractive indices recorded in this paper were kindly deter- 
mined by Mr. H. R. Nettleton, at the author’s request. 

The author desires to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant which defrayed a 
small part of the cost of this investigation; also to the Senate of 
London University for a grant from the Dixon Fund which 
defrayed the main part of the expenses. 


Birkseck CCLuLEGe, 
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CCLXVIII.—The Isomerism of the Oximes. Part VI. 
p-Dimethylaminobenzaldoaime. 


By Oscar Liste Brapy and FrReDERIcK Percy Dunn. 


ALTHOUGH pdimethylaminobenzaldoxime, NMe,°C,H,-CH:NOH, 
has been described (Knofler and Boessneck, Ber., 1887, 20, 3195) 
it has not been studied from the point of view of the Hantzsch- 
Werner hypothesis. 

As this compound contains no possibly labile hydrogen atom in 
the para-substituting group it would be expected to exist in the 
two isomeric forms, anti and syn (compare Brady and Dunn, this 
vol., p. 824); indeed, as the basicity of the substituting group 
seems to influence the stability of the two isomerides, it seemed 
possible that the oxime prepared from p-dimethylaminobenzalde- 
hyde by the usual methods would be a syn-derivative, or, if not, the 
syn-isomeride would be readily obtained from it, and would be 
more stable than is usually the case with these compounds. Addi- 
tional interest is added by the fact that no benzaldoxime containing 
a basic group as a substituent has been obtained in two isomeric 
forms; indeed, compounds of this class have been little studied. 

As regards the preparation of a syn-derivative of this compound 
the authors’ expectations have not been fulfilled, and pdimethyl- 
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aminobenzaldoxime must be added to the considerable number of 
aromatic aldoximes that appear to exist only in one form. 

The oxime as ordinarily prepared by the action of hydroxylamine 
hydrochloride on the aldehyde in the presence of sodium carbonate 
has undoubtedly the anti-configuration, since it yields an acetyl 
derivative and not a nitrile on treatment with acetic anhydride 
and sodium carbonate solution. This acetyl derivative yields the 
original oxime on hydrolysis with alkalis. Dry hydrogen chloride, 
when passed into a dry ether or chloroform solution of the oxime, 
precipitates a hydrochloride which regenerates the original oxime 
on treatment with sodium carbonate solution. Under the above 
conditions the oxime unites with only one molecule of hydrogen 
chloride, and it was possible that the acid was attached to the 
dimethylamino- and not to the oximino-group, a fact which would 
account for the failure to obtain a syn-oxime. Support is lent to 
this contingency by the behaviour of the O-methyl ether of pdi- 
methylaminobenzaldoxime, which readily yields a hydrochloride 
under similar conditions, differing in this respect from the O-methyl 
ethers of oximes which contain no basic substituent in the benzene 
ring. On the other hand it is noteworthy that the hydrochloride 
of the O-methyl ether, in which the hydrogen chloride is un- 
doubtedly attached to the dimethylamino-group, does not evolve 
hydrogen chloride at its melting point, whereas the hydrochloride 
obtained from pdimethylaminobenzaldoxime resembles the hydro- 
chlorides of other oximes and suffers decomposition at its melting 
point owing to loss of hydrogen chloride. 

An attempt was made to overcome this difficulty by preparing 
the hydrochloride directly from the aldehyde and hydroxylamine 
hydrochloride in the absence of alkali (Beckmann, Annalen, 1909, 
365, 201): 

NMe,°C,H,°CHO + NH,°OH, HCl = 

NMe,°C,H,-CH:NOH,HC1+ H,0. 

This method yielded, however, a hydrochloride melting at the 
same temperature as the hydrochloride obtained from the oxime, 
and this hydrochloride gave the anti-oxime on treatment with 
sodium carbonate solution. It is possible that by this method the 
hydrochloride, NMe,*C,H,-CH:NOH,HCI, is first formed which is 
then decomposed with the formation of the hydrochloride, 

HCl,NMe,°C,H,-CH:NOH ; 
this seems, however, unlikely, although the basic nature of the 
oximino-group is much less marked than that of the dimethyl- 
amino-group. 

Diphenylcarbamyl-p-dimethylaminobenzaldoxime has been pre 
pared, and like other diphenylcarbamy] derivatives of the aromatic 
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aldoximes has the syn-configuration, yielding on hydrolysis 
diphenylamine and pdimethylaminobenzonitrile (compare Brady 
and Dunn, T., 1913, 103, 1613): 


NMe,-0,H,CH 


Ho-co-wph, = ¥MeCoHsON + NHPh, + CO;. 


Carbanilino-p-dimethylaminobenzaldoxime, 
NMe,°C,H,-CH:NO-CO-NHPh, 
obtained by the action of phenylcarbimide on the oxime, is of 
especial interest as it resembles carbanilino-m-nitrobenzaldoxime in 
that the compound first obtained, on boiling with alcohol, changes 
to an isomeric compound of higher melting point, which seems still 
to be a carbanilino-oxime. Up to the present there has been no 
satisfactory explanation suggested for the existence of the three 
carbanilino-derivatives obtained from the m-nitrobenzaldoximes, 
two from the anti- and one from the syn-compound. The authors 
have been engaged for some time on this question, which will form 
the subject of their next communication; for the present it will 
be sufficient to state that the carbanilino-derivative of »dimethyl- 
aminobenzaldoxime as prepared by the action of phenylcarbimide 
on the anti-oxime is the syn-derivative, and gives on hydrolysis 
p-dimethylaminobenzonitrile and aniline, whereas the product of 
higher melting point obtained by boiling this compound with 
alcohol is the anti-compound, and on hydrolysis gives aniline and 
p-dimethylaminobenzaldoxime as its main decomposition products: 


NMe,0,H,°CH py-noo NMe,"C,Hy CH 
HON —~> NO-CO-NHPh 


p-Dimethylamino- Carbanilino-p-dimethylamino- 
benzantialdoxime benzsynaldoxime, 


4s ‘ 
| pe 
a pre 
<=) 


zk 
NMe,°C,H,° CH 
i NMe,°C,H,°*CN 
NHPh-CO-ON Ss" en's 
Carbanilino-p-dimethylamino- p-Dimethylamino- 
benzantialdoxime. benzonitrile. 


EXPERIMENTAL. 


The pdimethylaminobenzaldoxime employed was prepared by 
Knofler and Boessneck’s method (loc. cit.) by boiling a mixture of 
the aldehyde, hydroxylamine hydrochloride, and anhydrous sodium 
carbonate in equivalent proportions with alcohol under a reflux 
condenser for three hours, and pouring the product into water. As, 
however, in the authors’ experiments the oxime separated as a 
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crystalline solid on stirring the aqueous emulsion, it was removed 
by filtration instead of extraction with ether. After recrystallisa- 
tion from alcohol the oxime melted at 144°. 

Acetyl-p-dimethylaminobenzantialdoxime.—The oxime was dis- 
solved in acetic anhydride, warming very gently, and left for 
fifteen minutes. A bright green solution was thus obtained (it 
may be noted here that this colour is very generally met with in 
working with dimethylaminobenzaldoxime, and is probably due to 
a trace of some oxidation product). The excess of acetic anhydride 
was decomposed by shaking with sodium carbonate solution, when 
the acetyl derivative was obtained as a mass of pale green crystals, 
which separate from dilute alcohol in colourless needles melting 
at 108°: 

0°1569 gave 18°2 c.c. N, at 11° and 746 mm. N=13°7. 

C,,H,,0O,N, requires N=13°6 per cent. 

This compound was boiled for ten minutes with 2N-sodium hydr- 
oxide when it passed completely into solution, the solution was 
acidified with dilute sulphuric acid, and made faintly alkaline with 
sodium carbonate; the solid separating proved to be pdimethy]l- 
aminobenzaldoxime, and acetic acid could be detected in the mother 
liquor. The formation of this acetyl derivative and its hydrolysis 
establish the anti-configuration of the oxime. 


Action of Hydrogen Chloride on p-Dimethylaminobenzanti- 
aldoxime. 


The oxime was dissolved in anhydrous ether, and dry hydrogen 
chloride passed into the solution; a yellow, pasty mass was first 
precipitated, which rapidly became white and crystalline. The 
hydrochloride obtained in’ this way melted and decomposed at 170°: 

0°3078 required 15°2 c.c. V/10-AgNO,. Cl=17°5. 

C,H,,ON,,HCl requires Cl=17°7 per cent. 

When decomposed with sodium carbonate solution the original 
oxime was obtained, the crude product melting at 140°, and after 
recrystallisation from cold acetone and water at 144°, moreover, 
admixture with this substance did not depress the melting point of 
p-dimethylaminobenzanttaldoxime. 

The action of dry hydrogen chloride on a solution of the oxime in 
dry chloroform was also investigated, but a hydrochloride of the 
same melting point was obtained, and this also regenerated the 
original oxime on treatment with sodium carbonate solution. The 
hydrochloride was also prepared according to Beckmann’s method 
(loc. cit.). Equivalent quantities of the aldehyde and hydroxyl- 
amine hydrochloride were heated in alcohol for three hours at 
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50—55°. A copious precipitate formed, which proved to be the 
same hydrochloride as previously obtained, melting at 170° and 
giving p-dimethylaminobenzantialdoxime on treatment with sodium 
carbonate solution. 

O-Methyl Ether of p-Dimethylaminobenzantialdozime.—This was 
prepared in the usual way by boiling on the water-bath for fifteen 
minutes an alcoholic solution of the oxime with an equimolecular 
amount of sodium ethoxide and a slight excess of methyl iodide. 
The green product was poured into water and extracted with ether, 
the ethereal solution being shaken with sodium hydroxide solution 
to remove unaltered oxime, washed with water, and evaporated. A 
pale amber-coloured oil was thus obtained, which when cooled in 
ice set to a greenish-white, crystalline mass. On recrystallisation 
from dilute alcohol the ether separates in colourless plates with a 
slight fragrant odour, and melting at 69°: 

0°1638 gave 22°2 c.c. N, at 17° and 751 mm. N=15°8. 

Ci9H,,ON, requires N=15'7 per cent. 


Hydrochloride of the O-Methyl Ether of p-Dimethylaminobenz- 
antialdoxime. 


The 9-methyl ether was dissolved in dry ether, and dry hydrogen 
chloride was passed into the solution. A viscid substance was 
precipitated, which soon became crystalline. This hydrochloride 
melts at 118—122°, but, unlike the hydrochlorides of the oximes, 
does not evolve hydrogen chloride at its melting point: 

0°2134 required 10°0 c.c. V/10-AgNO;. Cl=16°6. 

C,»H,,ON,,HCl requires Cl=16°5 per cent. 

Decomposition of the hydrochloride with sodium carbonate solu- 
tion regenerated the O-methyl ether. 


Diphenylcarbamy-p-dimethylaminobenzsynaldozime, 


This compound was prepared by dissolving the oxime in alcohol 
and adding one equivalent of sodium in alcohol and one equivalent 
of diphenylcarbamy] chloride. On adding the latter a voluminous, 
pasty mass was formed, which was well shaken, heated on the 
water-bath for ten minutes, cooled, filtered, and washed with 
water. ‘This substance is almost insoluble in hot alcohol, but is 
readily soluble in chloroform, and may be recrystallised from a 
mixture of this solvent and light petroleum, when it separates in 
small, colourless needles, melting and decomposing at 171°: 

0°2930 gave 29°0 c.c. N, at 16° and 751 mm. N=11'5. 

C..H,,0,N; requires N=11°7 per cent. 

Diphenylcarbamyl-p-dimethylaminobenzsynaldoxime was hydro- 
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lysed by boiling with alcoholic sodium hydroxide for two hours. 
The sodium carbonate which separated was filtered off, and the 
solution diluted considerably with water and filtered. The solid 
so obtained was washed repeatedly with very dilute hydrochloric 
acid, and the residue recrystallised from alcohol; this proved to be 
diphenylamine. The washings were extracted with ether to remove 
diphenylamine, then made alkaline, and again extracted with ether. 
After removal of the ether the residue was crystallised from alcohol, 
and found to be dimethylaminobenzonitrile. From the first filtrate 
above a small quantity of dimethylaminobenzaldoxime was obtained 
by extracting the alkaline solution with ether to remove diphenyl- 
amine, etc., acidifying, making faintly alkaline with sodium car- 
bonate, and again extracting with ether. This ethereal solution 
yielded a small quantity of solid, which was recrystallised from 
alcohol and shown to be the oxime. 

Carbanilino-p-dimethylaminobenzsynaldoxime.—A solution of 
p-dimethylaminobenzantialdoxime in ether was treated with an 
equimolecular amount of phenylcarbimide. After a few moments 
pale brown, shining plates began to separate; the solution was left 
for twenty-four hours and then filtered. The solid was recrystal- 
lised from cold acetone and water, from which solution it separated 
in sulphur-yellow plates, melting and decomposing at 117°. A 
further recrystallisation from alcohol removed most of the colour, 
but did not raise the melting point: 

0°2021 gave 25°2 c.c. Ny at 16° and 761 mm. N=14'7. 

C,¢H,,O.N, requires N=14°8 per cent. 

This carbanilino-derivative was hydrolysed by boiling with 
30 per cent. sodium hydroxide solution for five minutes. Aniline 
was easily recognised in the steam, whilst oily drops remained 
suspended in the liquid. These on cooling set to a solid, which 
was crystallised from dilute alcohol, and melted at 75°; a mixture 
with pdimethylaminobenzaldehyde (m. p. 73°) melted at 55°, and 
with p-dimethylaminobenzonitrile (m. p. 75—76°) at 75°. The 
mother liquor from the hydrolysis was acidified, and then made 
faintly alkaline with sodium carbonate solution, when, after some ~ 
time, a small quantity of substance crystallised out, which proved 
to be pdimethylaminobenzaldoxime, formed probably by the con- 
version of a little of the syn- into the anti-carbanilino-compound 
during the warming and the subsequent hydrolysis of the latter. 

A similar decomposition takes place if the carbanilino-derivative 
is boiled with alcohol alone for some time. Carbanilino-pdimethyl- 
aminobenzsynaldoxime was boiled with alcohol under a reflux con- 
denser for twenty-four hours; the solution so obtained was diluted 
with about half its volume of water and cooled. The crystalline 
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precipitate which formed proved to be diphenylearbamide (m. p. 
232°). The mother liquor was diluted, and the milky liquid acidi- 
fied with dilute hydrochloric acid; silky needles which remained 
suspended in the solution were collected, and shown to be diphenyl- 
carbamide. The filtrate was again made alkaline with sodium 
hydroxide, stirred, and set aside for some hours, when a quantity 
of dimethylaminobenzonitrile separated out. The mother liquor 
was acidified and made alkaline with sodium carbonate, and the 
solid separating was crystallised from alcohol, and proved to be 
dimethylaminobenzaldoxime. 

In each of the above cases the primary products of the reaction 
may be regarded as »dimethylaminobenzonitrile and the hypo- 
thetical phenylearbamic acid; the latter in the presence of alkalis 
is decomposed into carbon dioxide and aniline, and in the absence 
of alkalis two molecules yield water, carbon dioxide, and dipheny]- 
carbamide : 

C,H;-NH°CO,H =C,H,-NH, + CO,. 
2C,H;*NH-CO,H = (C,;H;*NH),CO + CO, + H,0. 

The much larger amount of oxime found as the result of pro- 
longed boiling with alcohol is due to the conversion of most of the 
syn- into the anti-derivative, and the subsequent hydrolysis of that 
compound (see below). 

Carbanilino-p-dimethylaminobenzantialdoxime.—The freshly pre- 
pared syn-carbanilino-derivative described above was covered with 
alcohol and boiled under a reflux condenser for one hour. On cool- 
ing, carbanilino-»dimethylaminobenzantialdoxime crystallised in 
large, colourless plates, melting and decomposing at 152°: 

0°2646 gave 32°4 c.c. N, at 13° and 768 mm. N=14°9. 

C,,H,;O.N, requires N=14°8 per cent. 

This compound is also formed if the syn-carbanilino-derivative 
is kept for any length of time, there being formed simultaneously 
a small amount of aniline and dimethylaminobenzonitrile. Carb- 
anilinodimethylaminobenzantialdoxime on boiling with 2N-sodium 
hydroxide passes almost completely into solution, no nitrile being 
formed ; the solution on treatment in the usual way yields dimethy]- 
aminobenzaldoxime and aniline. 


In conclusion, the authors beg to express their thanks to the 
Research Fund Committee of the Chemical Society for a grant 
which has defrayed the expenses of this work. 
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CCLXIX.—The Reaction Between Benzylamine and the 


Dibromosuccinic Acids. 
By Epwarp Percy FRANKLAND. 


Ir has been shown by the author (T., 1911, 99, 1775) that meso- 
dibromosuccinic acid* and benzylamine react to form a dibenzyl- 
aminosuccinic acid and, simultaneously, the dibenzylamide of 
i-tartaric acid. Analogous results have now been obtained with 
r-dibromosuccinic acid,* which yields an isomeric dibenzylamino- 
succinic acid, together with a small quantity of the dibenzylamide 
of racemic acid. A comparison of the properties of the two 
dibenzylamino-acids suggests that the one obtained from meso- 
dibromosuccinic acid has a structure corresponding with that of 
i-tartaric acid, and resembles the diaminosuccinic acid prepared 
by Lehrfeld from meso-dibromosuccinic acid, which Tafel has shown 
to yield ¢-tartaric acid when treated with nitrous acid. On the 
assumption that the configurations of the groups about the two 
asymmetric carbon atoms are similarly affected by the reagent 
(nitrous acid), the configuration of the diamino-acid will be the 
same as that of the tartaric acid derived from it. Consequently, 
we may be justified in calling Lehrfeld’s diamino-acid meso- 
diaminosuccinic acid (I), and the more soluble diamino-acid 
obtained by Tafel, which yields racemic acid with nitrous acid, is 
r-diaminosuccinic acid (II): 
CO,H-CH-NHR CO,H-CH‘NHR NHR-CO-CH*OH 
CO,H°CH-NHR RNH-CH:-CO,H OH-CH:CO-NHR 
(I.) (II.) (IIT.) 

The new dibenzylaminosuccinic acid from 7-dibromosuccinic acid, 
on account of its greater solubility, has most probably a structure 
analogous to that of the r-diaminosuccinic acid [(II), where 
R=C,H,]. It has not been possible to prove this directly, since 
the benzylamino-acids cannot be converted into the amino-acids or 
into tartaric acids by any simple means. The simultaneous appear- 
ance of the benzylamide of racemic acid (III) cannot be taken as 
evidence of a racemic configuration for the dibenzylamino-acid, 
since the former substance is produced by an entirely different 
reaction (first discovered by Lutz in the case of monobromosuccinic 
acid), and is not generated from bromofumaric acid, the initial 
stage in the formation of the dibenzylamino-acid. 

The smallness of the yield of racemobenzylamide (one-twentieth 


* It is considered that these designations are more suitable than those used 
previously, namely, s-dibromosuccinic acid and isodibromosuccinic acid respectively. 
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to one-thirtieth of the weight of the isomeric dibenzylamino-acid) 
is probably due to the extreme readiness with which r-dibromo- 
succinic acid parts with hydrogen bromide to form bromofumaric 
acid. 

The action of benzylamine on 7-dibromosuccinic acid in water 
or chloroform solution appears to lead, in the first instance, to the 
formation of a mixture of mono- and di-benzylamine salts of 
bromofumaric acid ; the mono-salt being sparingly soluble in water, 
it may separate out when the mixture is acidified with hydrochloric 
acid. This salt yields bromofumaric acid and benzylamine hydro- 
chloride when treated with ethereal hydrochloric acid, and when 
heated with aqueous benzylamine passes into the (r)-dibenzylamino- 
acid.* This reaction may proceed along two different lines: either 
the benzylamine may combine at the double bond to form a bromo- 
benzylamino-acid, and the bromine is then displaced by the benzy!- 
amino-group, or the bromine is displaced first, yielding a benzyl- 

1 afte Ml Eft 
aminofumaric acid, mee bes nn which then attaches benzyl- 
amine to the double bond. 

In the previous communication on meso-dibromosuccinic acid it 
was suggested that the corresponding formation of bromomaleic 
acid was followed by the addition of benzylamine at the double 
bond to yield a bromobenzylamino-acid (benzylamine salt) (IV). 
Further investigations on a product isolated from the reaction 
mixture, and having this composition, C,,H,,O,N,Br, render it most 
probable that the substance in question is the isomeric dibenzyl- 
amine salt of bromomaleic acid (V): 


CHBr-CO,H,C;H,-NH, BrO-CO,H,C,H,"NH, 
CH(NH-C,H,)-CO,H HC-CO,H,C,H,-NH, 
(IV.) (V.) 


Thus, when treated with ethereal hydrochloric acid, this sub- 
stance yielded bromomaleic acid and benzylamine hydrochloride 
(2 mols.), and it appeared to be identical with a product obtained 
by allowing an alcoholic solution of bromomaleic acid and benzy!- 
amine (2 mols.) to crystallise in the cold. These facts render it 
improbable that we are here dealing with a bromobenzylamino-acid. 

Investigations, as yet unpublished, by the author in conjunc- 
tion with H. Webb and C. Mowinckel on the action of ammonia 


* The terms (7-) and (meso-) applied to distinguish the two isomeric dibenzyl- 
amino-acids are based on the apparent analogy between these acids and the r- and 
meso-diaminosuccinic acids respectively. Incidentally it may be noted that the 
dibenzylamino-acids (7-) and (meso-) are derived from the corresponding r- and meso 
dibromosuccinic acids, although, ‘of course, this 1elationship affords no direct indication 
of the assumed configurations of the dibenzylamino-acids, 
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on the two dibromosuccinic acids have not resulted in the isolation 
of bromoaminosuccinic acids,* only ammonium salts of bromo- 
maleic and bromofumaric acids being obtained. 

It has been found that when the dibenzylamine salt of bromo- 
maleic acid is heated in aqueous solution it undergoes a reaction, 
yielding some (meso-)dibenzylaminosuccinic ¢ acid, together with a 
more soluble substance. When heated in alcoholic solution, the 
dibenzylamino-acid is accompanied by the monobenzylamine salt of 
bromomaleic acid. Circumstances having compelled the author to 
interrupt these and other investigations proceeding at the Uni- 
versity of Birmingham, Edgbaston, it is hoped that in time a 
further communication may be made in which some light will be 
thrown on the mechanism of the reaction whereby the bromo- 
unsaturated acid passes into the saturated dibenzylamino-acid. 
Reaction products other than the above have been noted in cases 
where r-dibromosuccinic acid has been treated in chloroform solu- 
tion; these also await further investigation. 


ExPERIMENTAL. 


Eight grams of 7-dibromosuccinic acid (prepared by McKenzie’s 
method) were treated with 12°4 grams of benzylamine (4 mols.) in 
25 c.c. of water, and the mixture was heated to 100° for three 
hours. An orange-yellow precipitate appeared, which was collected 
from the cooled mixture and washed with water. The filtrate, on 
being heated and kept for some time, yielded a further small 
quantity of precipitate (colourless). 

These precipitates contain (r-)dibenzylaminosuccinic acid, prob- 
ably together with some benzylamine salts of the same, also a 
little dibenzylamide of racemic acid and brown, tarry matter. 


(r-)Dibenzylaminosuccinic Acid. 


The precipitates were heated on the steam-bath with dilute 
aqueous ammonia; @ tarry, semi-crystalline residue was separated, 
and the solution concentrated to a small bulk. The 7-dibenzyl- 
aminosuccinic acid crystallised in flakes and crusts on the surface 
of the liquid, the yield amounting to 3°9 grams, including a small 
amount extracted subsequently from the tarry residue. This pro- 
duct was purified by several recrystallisations from dilute ammonia, 
from which solvent it separated in small, acicular prisms, melting 
and decomposing, on quick heating, at 250°.t Pure (meso-)dibenzyl- 


* Claus (Ber., 1882, 15, 1849) claims to have isolated the silver salt of a bromo- 
aminosuccinic acid derived from the action of ammonia on mcso-dibromosuccinic acid. 
T See foregoing note on the (7-)dibenzylamino-acid. 
} All melting points uncorrected. 


—— 
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aminosuccinic acid, when similarly heated, decomposed at 260°, 
and mixtures of the two acids at 244-—-247°. (r-)Dibenzylamino- 
succinic acid is only sparingly soluble in hot water (although con- 
siderably more readily soluble than the meso-acid), and practically 
insoluble in alcohol. It dissolves in ammonia on warming and in 
moderately concentrated hydrochloric acid. Unlike the meso- 
acid, it is not readily precipitated by diluting the acid solu- 
tion, but separates out on the addition of sodium hydroxide 
or sodium carbonate solution. ‘The 7-acid undergoes considerable 
decomposition on long heating with potassium hydroxide solution, 
but is little affected by heating in sealed tubes with concentrated 
aqueous ammonia : 

0°0799 gave 97°66 c.c. CO, and 5°51 cc. No.*  0°2094 gave 

14°32 cc. No. C=65°53; N=8'63, 8°56. 
C,3H»,O,N, requires C=65°86; N=8'54 per cent. 


Dabenzylamide of Racemic Acid. 


The tarry residue separated from the ammoniacal solution of the 
reaction product (see above) was extracted again with ammonia, 
and then warmed with a little methyl alcohol. The tar dissolved, 
and a crystalline precipitate remained. This was extracted again 
with hot ammonia, and the residue weighed 0°18 gram and melted 
at 207—210°. A further quantity of the same _ substance 
{0°05 gram) was obtained from alcoholic washings. The 
ammoniacal extracts yielded some (r-)dibenzylaminosuccinic acid 
(see above). 

The dibenzylamide of racemic acid was purified by recrystallisa- 
tion from alcohol, from which solvent it separates in glistening, 
oblong, rectangular plates, some of which have truncated angles, 
forming pentagons and hexagons. It melts at 208—210°: 

0°0756 gave 92°73 c.c. CO, and 5°28 c.c. No. C=65°70; N=8°74. 

C,3H.,0,N, requires C= 65°86; N=8'54 per cent. 

The dibenzylamide of racemic acid was synthesised by warming 
dimethyl racemate with benzylamine in methyl-alcoholic solution. 
The substance crystallised out on the addition of a few crystals of 
the product obtained from 7-dibromosuccinic acid. After recrystal- 
lisation from absolute ethyl alcohol, the substance presented the 
Same appearance under the microscope as the above-described pro- 
duct, and melted over the same range of temperature (208—210°), 
as did also a mixture of the two substances. (Found: N=8'63. 
Cale., N=8°54 per cent.) 

The yield of the dibenzylamide from 7-dibromosuccinic acid is 


* Dry CO, and N, at N.T.P. ; C and N combustion in a vacuum. 
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smaller than that of the corresponding substance from meso- 
dibromosuccinic acid ; 5 grams of the latter substance, when heated 
with aqueous benzylamine (2 mols.), gave 0°6 gram, and with 
4 moils., 0°7 gram of the dibenzylamide of i-tartaric acid, a purified 
specimen of which crystallised in rhomboidal plates, accompanied 
by a few hexagons, and melted at 203°. 

A mixture of racemobenzylamide from r-dibromosuccinic acid 
with synthetic i-tartarobenzylamide melted at 194°. 


Action of Benzylamine on r-Dibromosuccinic Acid in Non- 
aqueous Solvents. 


The principal product of the reaction was apparently the 
dibenzylamine salt of bromofumaric acid. The amount of 
dibenzylamino-acid was again very small. 

(a) Chloroform.—Five grams of freshly prepared r-dibromo- 
succinic acid (Found, Br=57'11, 57°22. Cale., Br=57°97 per 
cent.) were treated with a solution of 8 grams of benzylamine in 
60 c.c. of chloroform, and heated to boiling under reflux for two 
hours. 

The precipitate (7'1 grams) contained benzylamine hydro- 
bromide, together with less soluble substances. These were 
separated by treating with water, and eventually by extracting 
any residual benzylamine hydrobromide with absolute alcohol. 
The less soluble products (2°8 grams) consisted of benzylamine salts 
of bromofumaric and (r-)dibenzylaminosuccinic acids, together with 
a little dibenzylamide of racemic acid. 

The chloroform mother liquor and washings were evaporated, 
and the residual tarry residue heated with water. A small amount 
of (r-)dibenzylaminosuccinic acid (0°66 gram, decomposing at 
236—238°) was separated, and the solution contained a little 
benzylamine hydrobromide, together with about 0°3 gram of a 
product melting and decomposing at 205—225°. 

(6) Alcohol.—Five grams of r-dibromosuccinic acid were dis- 
solved in 20 c.c. of warm absolute ethyl alcohol, and treated with 
8 grams of benzylamine. After keeping for about three -hours, a 
crystalline precipitate began to form in the liquid. About sixteen 
hours later this precipitate was collected, washed with alcohol and 
with ether, and dried. It weighed 2°6 grams, and melted and 
decomposed at 172°. An aqueous solution of this substance de- 
colorised cold alkaline permanganate almost instantly, showing the 
presence of bromofumaric acid. The aqueous solution was slightly 
cloudy, even on heating, perhaps owing to the presence of a little 
dibenzylamino-acid. 

On acidifying with dilute hydrochloric acid, a crystalline pre- 
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cipitate appeared, which was collected and recrystallised from 
water. The substance melted and decomposed at 219°, and proved 
to be the monobenzylamine salt of bromofumaric acid (see below). 

The alcoholic mother liquor and washings on concentration 
yielded about 1°3 grams of a substance melting at 205—211°, 
followed by a little (r-)dibenzylaminosuccinic acid (decomposing 
at 248°). 

In another experiment, 8 grams of the r-dibromo-acid were 
treated with 16 grams of benzylamine (more than 5 mols.) in 
120 c.c. of alcohol, and the solution was heated to boiling under 
reflux for four hours. On concentrating the solution, a crystalline 
precipitate separated, which was collected and extracted with hot 
water. The residue, which was soluble in boiling water, decom- 
posed at 231°. This substance is probably the monobenzylamine 
salt of (r-)dibenzylaminosuccinic acid, but cannot readily be purified 
from possible admixtures of the free acid and its dibenzylamine 
salt: 
0°1429 gave 10°98 cc. No. N=9°6l. 

C,H )0,N2,C;H,N requires N=9°65 per cent. 


Action of Benzylamine on Bromofumaric Acid. 


The following experiments were carried out with a view to 
investigate more fully the intermediate products of the reaction 
between benzylamine and r-dibromosuccinic acid. The reaction is 
in this case simplified by the non-appearance of the dibenzylamide 
of racemic acid, and by taking a smaller proportion of amine to 
the acid, the amount of dibenzylamino-acid produced became 
almost negligible. 

A chloroform solution (50 c.c.) of 4°4 grams of bromofumaric 
acid was treated with 6 grams of benzylamine (24 mols.) and 
heated to boiling under reflux for three hours. The resulting 
precipitate weighed 9°3 grams, and a portion dissolved in water 
contained only a trace of ionic bromine. Theory requires 9°2 grams 
of the dibenzylamine salt of bromofumaric acid. When the pro- 
duct was dissolved in water, only a very small precipitate re- 
mained, but when a large proportion of amine was used (3 mols.) 
this precipitate appeared in greater quantity, and proved to be 
(r-)dibenzylaminosuccinic acid (decomposing at 242°). 

The aqueous solution was treated with 3°7 grams of concentrated 
hydrochloric acid, whereupon a crystalline precipitate was de- 
posited, which was collected, washed with water, alcohol, and ether. 
The mother liquor was shown to contain benzylamine hydro 
chloride. The substance, after recrystallisation from water, de- 
composed at 221°, and appeared on analysis to be the monobenzyl- 
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amine salt of bromofumaric acid. The yield was 5°75 grams, whilst 
theory requires 6°8 grams. The substance is rather sparingly 
soluble in hot water, and almost insoluble in cold water: 


0°1238 gave 96°84 c.c. CO, and 4°69 c.c. No. C=43'93; N=474. 
C,H,0,Br,C,H,N requires C=43°71; N=4°64 per cent. 
On the results of this analysis, the substance might equally well 


be the isomeric bromobenzylaminosuccinic acid, C,,H,,O,NBr; 
however, the aqueous solution rapidly decolorises cold alkaline per- 


_ Manganate, and when treated with ethereal hydrochloric acid the 


substance yields benzylamine hydrochloride and bromofumaric 
acid. 

Two grams of the substance were shaken with dry ethereal hydro- 
chloric acid. The precipitate weighed 1 gram, and melted at 258°, 
whilst theory requires 0°95 gram of benzylamine hydrochloride. 
The ethereal mother liquor yielded some bromofumaric acid. By 
long-continued heating with aqueous benzylamine, the monobenzyl- 
amine salt of bromofumaric acid passes into (r-)dibenzylamino- 
succinic acid. 

Thus 1°3 grams of the above-described product were heated at 
100° with 1°3 grams of benzylamine in 10 c.c. of water for four 
hours. The substance gradually dissolved, and, on cooling, a pre- 
cipitate of small crystals appeared, which weighed 0°25 gram and 
decomposed at about 233° (compare second experiment with 
alcoholic benzylamine on r-dibromosuccinic acid). After recrystal- 
lisation from dilute ammonia, the substance decomposed at 242° 
[(r-)dibenzylaminosuccinic acid]. 


Experiments with meso-Dibromosuccinic Acid. 


These experiments were undertaken with the object of investi- 
gating the structure of the compound melting at 156° described in 
a previous communication (T., 1911, 99, 1779). It was also thought 
possible that an intermediate compound might be found between 
this substance and the final product, (meso-)dibenzylaminosuccinic 
acid. 

Seven grams of meso-dibromosuccinic acid were treated with 
11 grams of benzylamine (4 mols.) in 100 c.c. of absolute ethyl 
alcohol, and the mixture was heated to boiling for five minutes 
and then kept overnight. The resulting precipitate weighed 
8°6 grams. After extraction with boiling alcohol 0°6 gram remained 
(crude benzylamine salt of (meso-)dibenzylaminosuccinic acid). The 
alcoholic solution on cooling deposited 4°1 grams of the substance 
melting at 156°, which was investigated as follows: After shaking 
with dry ethereal hydrochloric acid the resulting precipitate 
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weighed 2°85 grams, and proved to be benzylamine hydrochloride, 
a specimen melting at 257° after recrystallisation from a mixture 
of alcohol and chloroform. Assuming the substance to be the di- 
benzylamine salt of bromomaleic acid, theory requires 2°87 grams 
of benzylamine hydrochloride, whereas if a bromobenzylamino-acid 
(benzylamine salt) had been present only half this quantity of 
benzylamine hydrochloride should be obtained. 

The ethereal mother liquor deposited colourless crystals of bromo- 
maleic acid, melting at 138—140° (Found, Br=41°15. Cale., 
Br=41°03 per cent.). 

A substance melting at 156° and apparently identical with the 
above, except for its more rapid reducing action on permanganate, 
was obtained by allowing an alcoholic solution of bromomaleic acid 
and benzylamine (2 mols.) to crystallise in the cold. 

The mother liquor from the 4°1 grams of substance mentioned 
above deposited, on concentration, 0°25 gram of a substance decom- 
posing at 239—242°, presumably crude (meso-)dibenzylaminosuccinic 
acid, and then, on the addition of chloroform and further concen- 
tration, a precipitate of needle-shaped crystals, which melted at 
142—148°, and proved on analysis to be the monobenzylamine salt 
of bromomaleic acid (Found, Br=26'06. Cale., Br=26°01 per 
cent.) (compare T., 1911, 99, 1779). 

It is suggested that, contrary to what was stated in the previous 
communication, the substance melting at 156° is the dibenzylamine 
salt of bromomaleic acid, and that on heating in alcoholic solution 
it is converted partly into the dibenzylamino-acid with simultane- 
ous formation of the monobenzylamine salt of bromomaleic acid: 


 BrC-CO,H,C,H,; NH, _ HC(NH+C,H,)-CO,H 
“ H-C-CO,H,C,H,,NH, | _HO(NH-C,H,):CO,H 
B:C-CO,H 


r H,-NH,,HBr. 
HC-CO,H,C,H,NH, + CH NHalb 


In a second experiment 7 grams of meso-dibromosuccinic acid 
were treated with 8°2 grams of benzylamine (more than 3 mols.) in 
60 c.c. of absolute ethyl alcohol. The mixture was heated to boiling 
for five minutes, and then kept for about two and a-half hours. 
The precipitate weighed 8°57 grams, and melted and decomposed 
at 142°. The mother liquor yielded 0°9 gram of coarse needles 
melting at 156° (dibenzylamine salt of bromomaleic acid) and a 
little nearly pure (meso-)dibenzylaminosuccinic acid (decomposing 
at 250—254°). 

The 8°57 grams of substance were dissolved in water, separated 
from some undissolved dibenzylamino-acid, the solution acidified 
with hydrochloric acid, and extracted with ether. The ethereal 
extract yielded some meso-dibromosuccinic acid (decomposing at 
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284—285°; found, Br=58°13. Calce., Br=57°97 per cent.). This 

shows that the reaction product obtained under these conditions 

still contains unchanged meso-dibromosuccinic acid (as benzylamine 

salt). A similar result was obtained by heating the acid and 

amine together for two hours in boiling chloroform solution. 
CuEMICAL DEPARTMENT, 


Tue UNIversiiy, Epcpasiox, 
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CCLXX.—Some Properties of Solutions of the Borie 
Acids in Alcohol. A Modified Boiling-point 
Apparatus. 


By James BRIERLEY FirtH and James Ecxerstey Myers. 


Tue well-known property of orthoboric acid of imparting a green 
colour to the alcohol flame has usually been ascribed, at any rate 
in text-books, to the formation of some organic derivative of boric 
acid such as triethyl borate. 

This idea seems to present considerable theoretical difficulties, 
and it was with the object of obtaining information on this point, 
and more particularly of examining the physical properties of 
alcoholic solutions of the boric acids, that the present work was 
undertaken. 

The first part of the investigation as described in the present 
communication is devoted to the determination of the boiling 
points of the solutions and of the composition of the various 
distillates. 

Preliminary experiments indicated that it was extremely prob- 
able that the additions of very small proportions of orthoboric acid 
produced a very slight lowering of the boiling point of ethyl 
alcohol. This lowering appeared to be of a similar magnitude to 
that observed by the addition of small quantities of water to 
alcohol. It was therefore essential that the materials used should 
be as free from water as possible, and that the experiments should 
be carried out with the exclusion of water-vapour from the atmo- 
sphere. 

The alcohol was therefore purified, and then dried thoroughly by 
treatment with metallic calcium or with lime prepared by calcining 
marble. 

Both methods were used, and as there appeared to be no differ- 
ence in the results obtained, alcohol dried over calcium was 
employed for the experiments described below. It may be men- 
tioned in passing that in addition to the usual precautions observed 
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in drying alcohol, the hydrocarbons sometimes found in the alcohol 
after treatment with calcium were readily and completely removed 
by distillation from animal charcoal. 

The orthoboric acid was purified by several recrystallisations 
from water; the metaboric acid was prepared by heating the ortho- 
acid to about 130° until decomposition was complete, and the boron 
trioxide was obtained by fusing tke ortho-acid. In the last case 

the glass was ground to a fine powder 
pm 1 in an agate mortar. Precautions 
yo were taken to exclude moisture from 
| the meta-acid and the anhydride. 
The three materials were found by 

+ analysis to be tolerably pure. 
As it was a question of measuring 
very small differences in boiling 
point, several kinds of apparatus 
were tried, and the one described 
IH) below was eventually used, owing to 
e | the unsuitability of the existing 

types. 
| The general characteristics of the 
apparatus, which can be thoroughly 
recommended for this kind of work, 
will be clear from the sketch (Fig. 1). 
The ordinary Beckmann _boiling- 
point tube is used, and is enclosed 
in a Dewar vessel. All exposed 
glass surfaces are covered with a 
layer of cotton-lint so as to shield 
the heated liquid and vapour from 
draughts. This precaution is found 
to be very necessary. The heating 
is by an electric current of from 
2°5 to 3°0 amperes, and is kept 
VY steady by means of a rheostat with 
an ammeter in the circuit. 

The current is carried by stout platinum wires, sealed through 
glass tubes, in contact with the leads by means of mercury, until 
it reaches the liquid. The wire is now very much thinner, and is 
carried through a glass coil made of tubing about 2 mm. in 
diameter and open at both ends, so that the wire is in contact 
with the liquid. The glass coil is broken half-way along its length, 
so that it is really two small coils with a gap (A) between them. 
The two are bound together with platinum wire for convenience 
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of handling and suspending. The gap between the coils should 
be about 4 mm. The efficiency of the apparatus is largely due 
to this gap. As the wire becomes heated the liquid iaside the 
narrow tube expands, and rushes out, and is replaced by other 
liquid, thus causing circulation. This process goes on until boiling 
point is reached inside the coil, when the circulation becomes more 
rapid until the whole liquid is at the boiling point and streams 
of bubbles issue from the various openings in the tube. It will 
be seen that the enclosure of the wire prevents local superheating 
common with a bare wire, and the openings in the coil cause rapid 
and continuous circulation and ebullition. 

It is essential that bubbles should appear from the middle and 
lower openings in the coil. It happens on rare occasions that 
bubbles issue from the top and middle openings, and then super- 
heating often takes place. In such cases a slight tap will start 
bubbling from all three points. 

With a pure liquid the boiling point, as registered by a Beck- 
mann thermometer, remains steady to 0°01° or even to 0°005°, so 
long as the barometric pressure remains steady. 

In all experiments a control apparatus was employed containing 
pure alcohol, so that variations in the boiling point due to baro- 
metric changes could be determined and the boiling point of the 
solution corrected. In the values given below this correction has 
been included, and all temperatures are expressed in degrees centi- 
grade of an arbitrary Beckmann scale. 


- TaBeE I. 
Solute, H,BO,. Solute, HBO,,. Solute, B,O,. 
Ps B. p. B. p. 
Gram- of Change Gram- of Change Gram- of Change 
mols. solu- in mols. _solu- in mols. solu- in 


H,BO,. tion. b.p. HBO,. tion. b. p. B,O,. tion. b. p. 
0-0€33 1-49° —0-07° 0-0036 1-52° —0-04° 0-0049 1-52° —0-04° 
0-0084 1-44 —0-12 00074 1-48 —0-08 0-0111 1-36 —0-20 
06-0135 1-42 —0-14 0-0140 1-43 —0-13 0-0180 1-36 —0-20 
0-0180 1-41 —0-15 0-0200 1-41 —0-15 0-0277 1-38 —0-18 
0-0227 1:40 —0-16 0-0261 1-40 —0:16 0-0348 1-46 —0-10 
0-:0270 1-40 —0-16 0-0311 1-40 —0-:16 00435 1-61 +0-05 
0:0320 1-42 —0-14 00-0375 1-41 —0-15 0-0639 1-98 + 0-42 
0-:0384 1-45 —G-11l 0-0457 1-43 —0-13 0-0773 2-25 +0-69 
0-0438 1-49 —0-07 0-0520 1-51 —0-05 — 
0-0500 1-52 —0-04 0-0610 1-56 — 
0-:0548 1-57 +0-01 0-0690 1-61 +0-05 
0-0628 1-67 +0-11 0-0800 1-69 +0-13 
0-0675 1:75 +0-19 0-1334 2-30 +0-70 
0:0740 1-83 +0-27 0-1482 2-62 + 1-06 
0-:0840 1:97 +0-41 — — —— 


Boiling point of pure alcohol 1°56°; volume of alcohol 75 c.c. 
It will be clear from the table that there is a lowering of the 
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boiling point of alcohol on adding either of the three solutes. This 
lowering reaches a maximum in the case of orthoboric acid when 
0°0227 gram-molecule has been added, and then amounts to 0°16°; 
in the case of metaboric acid it is 0°16° for 0°0261 gram-molecule, 
and for the anhydride it is 0°20° for 0°018 gram-molecule. The 
values given in the table are shown on the graph (Fig. 2) for the 
sake of comparison. 

No further bend or change in the curve was observed up to the 
point of saturation at boiling point. 

The question of the composition of the distillate was next 
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examined. The method of distilling is shown in the sketch of 
the apparatus. 

When sufficient time had been allowed for the solute to dissolve 
completely and the boiling point had become steady, two fractions 
of the distillate each of 5 c.c. were analysed. The distillate was 
treated with water, and thus in all cases orthoboric acid was 
formed, which was titrated with alkali in the presence of glycerol. 
The assumption was made that the distillate contained, before the 
addition of water, the original solute. In this connexion it may be 
remarked that it was frequently observed that after distillation 
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a small quantity of solid substance appeared in the tubes, etc., of 
the apparatus after the alcohol had evaporated. This was assumed 
to be the original solute. 

The following table gives the results obtained, the strength of 
each distillate being expressed in values of the particular solute 
employed. 

A separate experiment was carried out for each strength of 
solution, not as in the case of the boiling points, where the experi- 
ments in each series were made continuous by adding successive 
amounts of the solute. 


TaB_e II. 


Original volume of alcohol, 75 c.c. 


H,BO,. HBO, B,O,. 
Weight Weight in Weight Weight in Weight Weight in 4 
of Ist 2nd of Ist 2nd of Ist 2nd 
H,BO, ——_——_ HBO, —— BQ —_——"’ 
added. fraction. added. fraction. added. fraction. 


0-2530 0-0355 0-0322 0-3300 0-0498 0:0435 0-5230 0-0527 0-0488 
0-4860 0-0594 0-0542 0-6430 0-0691 0-0673 0-9355 0-0823 0-0735 
0-6348 00-0820 0-0709 0.9810 0-0906 0-0892 1-2770 0-0898 0-0876 
0-8170 0-0903 0-0871 1-4510 0-1172 0-1103 1-8020 0-1055 0-1033 
1:1950 00-1033 0-1025 2-3890 0-1341 0-1305 2-3730 0-1183 0-1160 
1-3700 00-1115 0-1071 3-2830 0-1387 00-1400 3-1140 0-1314 0-1289 
1-5880 0-1257 0-1199 
20600 0-1276 0-1270 
2:7200 0-1451 0-1412 
3-5630 0-1580 0-1553 
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These values are shown in the graph (Fig. 3) for comparison, all 
weights being expressed in grams of solute per c.c. of solution. In 
the curve for orthoboric acid the dotted line shows the course 
which it is considered the curve should take as no reasons can be 
assigned for the values producing the break. They are probably 
due to experimental error. 

On considering the two sets of curves, the first for the change in 
boiling point and the second for the volatility of the solutes, it 
will be noticed that the maximum effect on the boiling point is 
produced by the solute of minimum volatility, boron trioxide and 
vice versa with orthoboric acid. In both cases the metaboric acid 
occupies a middle position in a general way. 

Experiments are at present in progress to examine whether the 
effect of the solute on the vapour pressure is dependent on the 
temperature, by means of surface-tension measurements and 
measurements of the heats of solution are being made. 

The conclusions drawn from the work described above are as 
follow : 
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(1) With certain small concentrations of orthoboric and meta- 
boric acids and boron trioxide, the boiling points of ethyl alcohol 
solutions are lower than the boiling point of the pure solvent. 

(2) The maximum lowering of the boiling point is produced by 
the least volatile solute, which also has the greatest subsequent 
effect on the boiling point. 

(3) The distillate contains the original solute. 
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CCLXXI.—Contributions to Our Knowledge of Semi- 
carbazones. Part IV. Action of Hydrogen 
Chloride. 


By Forsyta James Wi son, Istpor Morris HEILBron, and 
Macere MILLen JErrs SUTHERLAND. 


In the course of our investigations on the preparation and proper- 
ties of some semicarbazones it was found that the presence of hydro- 
chloric acid produced colorations in solutions of some of these 
substances. As the semicarbazones are, in part, basic compounds 
it occurred to us that this development of colour might be due 
to the formation of salts, and in fact experiments instituted to 
elucidate this point showed that some of these substances do form 
salts with acids. 

The following experiments were carried out to determine under 
what conditions salts are formed, and to what extent their forma- 
tion is influenced by the constitution of the semicarbazone. For 
the most part the investigations have been made on the hydro- 
chlorides of the semicarbazones. Various methods were tried for 
the preparation of these salts, and it was found that special pre- 
cautions had to be taken against the presence of moisture, as this 
tended, in the presence of hydrochloric acid, to hydrolyse the semi- 
carbazone and give only the aldehyde or ketone and semicarbazide 
hydrochloride. 

In many cases the salt may be prepared by dissolving the semi- 
carbazone in dry chloroform and passing dry hydrogen chloride 
into the solution. The difficulty in this case is that, if the salt is 
unstable, exposure to air while filtering brings about decomposi- 
tion, so that correct results are not obtained. The most satisfactory 
results were obtained by passing dry hydrogen chloride over the 
dry substance contained in a U-tube and estimating the quantity 
of acid added. 
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Two piperonylideneacetonesemicarbazones were prepared, an a- 
and a S-modification. These isomerides have different melting 
points and different properties. a-Piperonylideneacetonesemi- 
carbazone was exposed to the action of dry hydrogen chloride, and 
an unstable, crystalline, vermilion sa/¢ containing 2°5 molecular 
proportions of hydrogen chloride was obtained. This salt on 
exposure to air loses hydrogen chloride, and finally gives a stable, 
orange monohydrochloride. 

B - Piperonylideneacetonesemicarbazone gives with hydrogen 
chloride a stable, yellow monohydrochloride, and no further addi- 
tion can be made to this compound even on continued passage of 
hydrogen chloride over the dry salt. A slight change in colour is 
observed, but no addition of acid. 

Cinnamaldehydesemicarbazone was next prepared. This semi- 
carbazone exhibits interesting phototropic properties after exposure 
to bright light. On treating this substance with hydrogen chloride 
it combines with 2 molecular proportions of hydrogen chloride, and 
gives an exceedingly unstable, deep orange compound. A sulphate 
of this semicarbazone was also prepared, which contained one 
molecular proportion of sulphuric acid. The sulphate is bright 
yellow, and stable in ordinary air. 

Cinnamaldehydesemicarbazone, an unsaturated compound, might 
be expected to combine with hydrogen chloride at the double bond, 
or, at least, that the unsaturated nature of the substance would 
' influence the formation of an additive compound. 

The presence of a phenyl group in the semicarbazide radicle evi- 
dently influences the absorption of hydrogen chloride, for it was 
found that cinnamaldehydephenylsemicarbazone unites with only 
one molecular proportion of hydrogen chloride, the monohydro- 
chloride thus obtained being yellow. On saturating cinnamalde- 
hydephenylsemicarbazone with bromine a dibromide, C\,H,,ON;Bro, 
is formed, and this substance does not combine with hydrogen 
chloride. The addition of bromine therefore prevents salt-forma- 
tion. 

A monobromo-derivative was prepared from this dibromide by 
boiling with alcohol, when hydrogen bromide was evolved and mono- 
bromocinnamaldehydephenylsemicarbazone, CygH,,ON3Br, obtained. 
This compound combines rapidly with hydrogen chloride, giving a 
bright yellow salt containing one molecular proportion of hydrogen 
chloride. On preparing monobromocinnamaldehyde, and then form- 
ing the phenylsemicarbazone and passing hydrogen chloride over 
the compound, a dihydrochloride is obtained, which is exceedingly 
unstable, all the hydrogen chloride being liberated on exposure 
to air. 
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Simple semicarbazones, such as acetonesemicarbazone and acetone- 
phenylsemicarbazone, also absorb hydrogen chloride, but no colour 
is developed ; the substances remain white, but lose their crystalline 
structure and fall to powder. Acetonesemicarbazone forms a com- 
paratively stable monohydrochloride, whereas the addition of 
hydrogen chloride to acetonephenylsemicarbazone reaches a maxi- 
mum when one and a-half molecular proportions have been taken 
up. This salt loses hydrogen chloride very rapidly, becoming mcre 
stable when half a molecular proportion of hydrogen chloride has 
been lost, that is, the monohydrochloride is comparatively stable. 
Acetophenonesemicarbazone and acetophenonephenylsemicarbazone 
were also examined, as these contain more phenyl groups in the 
molecule, and might be expected to react differently. These sub- 
stances combined very readily with hydrogen chloride, giving, in 
each case, a yellow dihydrochloride, which is exceedingly unstable. 

A simple aromatic aldehyde-semicarbazone, such as benzaldehyde- 
semicarbazone, reacts also with hydrogen chloride, giving a mono- 
hydrochloride, which is comparatively stable and only slightly 
coloured. Benzaldehydephenylsemicarbazone gives a yellow di- 
hydrochloride, which is very unstable. 

From the results obtained it would seem, first, that the mono- 
hydrochlorides are for the most part more stable than the dihydro- 
chlorides, and, secondly, that the introduction of a phenyl group 
into the basic part of the molecule of unsaturated semicarbazones 
diminishes their capacity for addition of hydrogen chloride, whereas 
in the case of the saturated semicarbazones it increases this capacity. 
This is shown by a comparison of cinnamaldehydesemicarbazone 
dihydrochloride and cinnamaldehydephenylsemicarbazone mono- 
hydrochloride with benzaldehydesemicarbazone monohydrochloride 
and benzaldehydephenylsemicarbazone dihydrochloride. 

We intend to extend these investigations to a larger number of 
semicarbazones before giving our views on the possible change of 
structure during addition of acids to semicarbazones, but as cir- 
cumstances have arisen which render the continuation of the work 
impossible for the present and as it is uncertain when it can be 
completed it was thought advisable to record these results. 


EXPERIMENTAL. 
Piperonylideneacetonesemicarbazones. 


Yellow piperonylideneacetone was prepared according to Haber’s 
method (Ber., 1891, 24, 618). Haber recrystallised his product 
from alcohol, in which the substance is sparingly soluble, but it 
was found more convenient to use benzene as the solvent. The 
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white, stereoisomeric piperonylideneacetone was also prepared by 
Haber’s method. 

A semicarbazone was prepared from each ketone in the usual 
manner, and crystallised first from alcohol and finally from chloro- 
form. It was found that the two stereoisomeric ketones gave one 
and the same semicarbazone, melting at 217°, and a mixture of 
the products showed no depression of the melting point: 

0°2020 gave 29°15 c.c. N, at 16° and 766°5 mm. N=16°85. 

C,,H,,0;N, requires N,=17°0 per cent. 

The semicarbazone forms white crystals, which are insoluble in 
water, and tairly soluble in hot alcohol or chloroform. 

We designate this semicarbazone as the a-modification. 

On hydrolysis with hydrochloric or acetic acid the semicarbazone 
yielded the yellow modification of piperonylideneacetone. 

A solution of this a-semicarbazone in alcohol was exposed to 
ultra-violet light for thirty hours. The alcohol was then evaporated 
and the residue fractionally crystallised, first from water and 
finally from benzene and light petroleum. Besides unaltered sub- 
stance there was obtained a fairly large quantity of a crystalline 
substance melting at 168°. The substance crystallises in creamy 
needles, which are more readily soluble in chloroform or alcohol 
than the a-semicarbazone. We designate this product the B-modi- 
fication, since analysis showed it to have the same composition as 
the a-modification : 

0°1400 gave 20°5 c.c. Ny at 12° and 746 mm. N=16°94, 

C,,H,30,N, requires N=17°0 per cent. 


Addition of Hydrogen Chloride to the a-Modification. 


The reaction was first carried out by passing dry hydrogen 
chloride into a solution of the substance in dry chloroform. A 
reddish-orange precipitate separated, which was collected and dried 
on a porous tile. This substance was very unstable, and easily 
decomposed by moisture. To determine the amount of hydrogen 
chloride with which the semicarbazone had combined the substance 
was warmed with excess of standard alkali, and the residual alkali 
titrated with standard acid. The results varied with each prepara- 
tion, but approximated to a compound of the formula 

C,.H,,0,N3,2HCl. 
Owing to the unsatisfactory nature of the results obtained by this 
method the following procedure was finally adopted. 

A U-tube closed by means of glass stop-cocks was used. This 
U-tube was specially constructed so that the substance can be 
exposed to the action of the gas in thin layers. For this purpose 
instead of the ordinary tube of long limb and narrow bend the 
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limbs of the U-tube were 8 cm. apart and the limbs only 5 cm. in 
length. 

The tube was first filled with dry air and weighed (weight=a). 
Dry hydrogen chloride was then led into the tube until the weight 
was constant (weight=b). The hydrogen chloride was then dis- 
placed by a current of dry air, and a quantity of the asemi- 
carbazone introduced into the tube (weight of tube +semicarbazone 
+air=c). Dry hydrogen chloride was then passed through the 
tube until the weight was constant; this was obtained only after 
several days. The tube was then closed and weighed. As there 
was a possibility that the hydrochloride might be unstable in air 
the atmosphere of hydrogen chloride was not displaced, but a cor- 
rection was made for weighing in such an atmosphere. 


Thus: Weight of tube + hydrochloride + 
hydrogen chloride=d. 

Weight of semicarbazone =c—a. 

Weight of hydrochloride =d—b. 

Weight of hydrogen chloride added =d— {c+(b—a)}. 
0°3040 semicarbazone gave 0°4198 hydrochloride. HCl added= 

27°58. 

C}.H,,0,N3,2$HCl requires HCl = 26°93 per cent. 

This salt forms bright, vermilion-coloured crystals. The melting 
point was indefinite, since decomposition takes place on heating ; 
this occurs at about 125—140°. 

If this salt is exposed to light for some days in the tube in which 
it was weighed the colour changes from vermilion to deep orange 
without change in weight. In order to prove that the change of 
colour was not due to slight loss of hydrogen chloride, hydrogen 
chloride was again passed over the substance, but the orange colour 
remained unchanged, and the weight was not altered. On pro- 
longed exposure to light the orange-coloured salt acquired a green 
tint without change in weight. The vermilion colour was not 
restored either on warming or cooling the substance, or on keeping 
it in the dark. The experiment was repeated, the semicarbazone 
this time being subjected to the action of hydrogen chloride in the 
dark. The same absorption took place, and the vermilion-coloured 
salt was again obtained: 

0°2254 semicarbazone gave 0°3114 hydrochloride. HCl added = 

27°61. 
C,,H),03N3,24HCl requires HCl= 26°93 per cent. 

This salt on exposure to air at the ordinary temperature rapidly 
evolves hydrogen chloride. A sample of the salt was exposed to 
the air at room temperature until, after drying in a desiccator, 
the weight was constant. For this several weeks were required. 
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The substance so obtained was orange, but not so deep in colour 
as the orange salt, C,.H,,0;N3,24HCl, just mentioned. Analysis 
showed the product to be a monohydrochloride. 

The substance was warmed gently with excess of V /20-alkali, and 
the residual alkali, after filtration, titrated with W/20-sulphuric 
acid : 

0°1534 required 11°4 c.c. V/20-NaOH. HCl=13°52. 

C,,H,,0,N3,HCl requires HCl=12°83 per cent. 

This orange monohydrcchloride is only partly decomposed by 
water, but is completely decomposed by dilute alkalis. It is appa- 
rently quite stable in ordinary air, and in a closed tube it melts 
and decomposes at 173—175°. 

The residue obtained by treatment of the monohydrochloride 
with alkali was recrystallised from alcohol, and proved to be the 
a-semicarbazone. 


Addition of Hydrogen Chloride to the B-Semicarbazone. 


A solution of the B-semicarbazone in dry chloroform was satur- 
ated with dry hydrogen chloride. A yellow, crystalline precipitate 
separated almost immediately, which was collected, washed with 
chloroform and light petroleum, dried on a porous tile, and finally 
in a desiccator. This substance was analysed in the way already 
described, and proved to be a monohydrochloride : 

0°3249 required 10°8 c.c. V/10-NaOH. HCl=13°3. 

C,.H,,0,N3,HCl requires HCl=12°9 per cent. 

The monohydrochloride is canary-yellow, melts and decomposes 
at 169°, is stable in air, and fairly stable towards water. On 
decomposition with alkali a white substance was obtained, which 
on crystallisation from alcohol yielded the a-modification only, and 
not the B-modification. Hence in this way transformation from the 
B- into the a-modification can be effected. Thus: 
Piperonylideneacetone (white) ‘e 


a-Piperonylideneacetone- 
semicarbazone 


Piperonylideneacetone (yellow) ad | 
sipinitatmaiies | 


Y 
B-Piperonylideneacetone- a-Piperonylideneacetonesemicarbazone 
semicarbazone +24HCl 
Y 
B-Piperonylideneacetone- _ a-Piperonylideneacetonesemicarbazone 
semicarbazone + 1HCl +1HCl 
a-Piperonylideneacetone- a-Piperonylideneacetonesemicarbazone. 


semicarbazone. 9pn2 
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in order to determine whether this monohydrochloride could 
combine with more hydrogen chloride a weighed quantity was 
placed in a U-tube and dry hydrogen chloride passed over it. No 
increase in weight took place, but the substance acquired a green 
tinge. 
Cinnamaldehydesemicarbazone. 


This compound was prepared according to Young and Witham’s 
method (T., 1900, 77, 230). It is white, and, if freshly prepared, 
undergoes no change of colour in the dark. If, however, it is first 
exposed to bright light, which produces no visible effect, and then 
placed in the dark, a yellow colour is developed. This yellow 
colour disappears on re-exposure of the substance to light. Evi- 
dently the freshly prepared substance must first be made active by 
exposure to intense light before phototropic properties are deve- 
veloped. Further, if either of the active forms is recrystallised, the 
activity disappears, and exposure to bright light is again necessary 
to develop phototropic properties. These three modifications all 
possess the same melting point, namely, 217°, which is slightly 
higher than that recorded in the literature. An alcoholic solution 
of the semicarbazone was exposed to ultra-violet light for thirty 
hours. The solution was then concentrated, and the residue frac- 
tionally crystallised, but unaltered substance only was obtained. 


Addition of Hydrogen Chloride to the Semicarbazone. 


Owing to the sparing solubility of the substance in all cold 
solvents the reaction could not be carried out in solution. Accord- 
ingly a weighed quantity was placed in a stoppered U-tube of the 
form already described, and dry hydrogen chloride passed over the 
semicarbazone until the weight became constant. The same pre- 
cautions were taken as in the previous experiments, the substance 
being weighed in an atmosphere of dry hydrogen chloride and a 
correction made for the difference in weight of hydrochloride 
weighed in hydrogen chloride and hydrochloride weighed in air: 

0°4148 semicarbazone gave 0°5820 hydrochloride. HCl added= 

28°11. 
C,9H,3ON;,2HCl requires HCl=27°86 per cent. 

This salt of cinnamaldehydesemicarbazone, which is evidently a 
dihydrochloride, is deep orange, and very unstable. Moist air 
immediately decomposes it, with the formation of a viscid com- 
pound. During the preparation of the salt the semicarbazone, on 
first passing hydrogen chloride over it, partly fuses, changes colour 
to yellowish-orange, and finally the substance becomes powdery 
and assumes a deep orange colour. 
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As the dihydrochloride is unstable in ordinary moist air it was 
transferred from the U-tube to a weighing bottle in dry air in 
which the salt is comparatively stable. A melting-point tube was 
filled at the same time, sealed, and the melting point found to be 
80—83°, decomposition also occurring. The apparatus used was a 
simple but very efficient arrangement, which enabled us to work in 
dry air with comparative ease. 


Addition of Sulphuric Acid to Cinnamaldehydesemicarbazone. 


A quantity of the semicarbazone was rubbed into a paste with 
concentrated sulphuric acid, when the mixture became oily and 
yellow. Dry ether was added, the mixture being kept cool, then 
just sufficient absolute alcohol to bring the whole into solution, and 
the mixture placed in ice. On keeping for some time yellow needles 
crystallised from the solution, which were collected, washed with 
dry light petroleum, and dried first on a porous tile and finally 
in a desiccator. Analysis showed the compound to be a salt of 
sulphuric acid. The analysis was conducted in the same way as 
in the case of the hydrochlorides, namely, the salt was warmed 
with excess of WV/10-alkali and the residual alkali titrated with 
N /10-acid : 

0°109 required 7°325 c.c. V/10-alkali. H,SO,=32°92. 

C,)»H,,ON;,H,SO, requires H,SO,=34'1 per cent. 


Preparation of Cinnamaldehydephenylsemicarbazone. 


Molecular quantities of cinnamaldehyde in alcohol and of phenyl 
semicarbazide hydrochloride in water were mixed. The solution 
became deep orange, and a precipitate immediately formed, which 
was collected, washed with water, and crystallised first from alcohol 
and finally from a mixture of chloroform and light petroleum. 

The phenylsemicarbazone crystallises in white, felted needles, 
melting at 205°. It is readily soluble in chloroform or hot alcohol, 
and practically insoluble in light petroleum: 

0°200 gave 27°2 c.c. Ny at 12° and 751 mm. N=15'93. 

C,,H,;ON; requires N=15°84 per cent. 

The behaviour of the .phenylsemicarbazone towards light is 
exactly the same as that of cinnamaldehydesemicarbazone. The 
freshly prepared substance is not affected by light or darkness, but 
if it is exposed to bright light and then placed in the dark a deep 
yellow colour is developed, which disappears on again exposing to 
light. Rise of temperature accelerates the conversion of the white 
into the yellow modification. Thus on exposing a sample of the 
colourless, inactive modification to light and then placing in a 
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closed steam-oven the yellow colour becomes apparent almost imme- 
diately. If, however, the preliminary exposure to light is omitted 
no change of colour is developed by heating the substance in the 
dark. The melting points of the three modifications were the 
same, namely, 205°. . 

A chloroform solution of the phenylsemicarbazone was exposed 
for thirty hours to ultra-violet light. The solution was carefully 
examined, but only unchanged substance was obtained. 


Addition of Hydrogen Chloride to Cinnamaldehydephenyl- 
semicarbazone, 


A concentrated solution of the phenylsemicarbazone in dry 
chloroform was saturated with dry hydrogen chloride. A yellow, 
crystalline precipitate soon separated, which was collected, washed 
with chloroform, and dried on a porous tile. It was analysed in 
the usual way, and found to be a monohydrochloride : 

0°6465 required 20°9 c.c. V/10-NaOH. HCl=11°'8. 

C,,H,;ON;,HCl requires HCl=12°11 per cent. 

The hydrochloride is canary-yellow, stable in air, and fairly 
stable towards water. It melts and decomposes at 161—162°. As 
the semicarbazone of cinnamaldehyde formed a dihydrochloride on 
passing dry hydrogen chloride over the dry substance it was 
thought that the phenylsemicarbazone might react with another 
molecule of hydrogen chloride if exposed to the action of dry 
hydrogen chloride in the dry state. Accordingly, a quantity of the 
monohydrochloride was placed in a U-tube and treated as already 
described in the preparation of other hydrochlorides. After the 
gas had been passed over the monohydrochloride for several days 
it was found that no increase in weight had taken place, the 
substance remaining a monohydrochloride. No change in colour 
was observed. Starting, however, with cinnamaldehydephenylsemi- 
carbazone (white variety) and passing hydrogen chloride over the 
dry substance, the gas is rapidly taken up, and the colour becomes 
deep yellow. After passage of the gas for one week the percentage 
of hydrogen chloride absorbed was found to be 19°72; thereafter 
weighing at intervals the hydrogen chloride content appeared to 
diminish, and after passage of the gas for thirty-eight days the 
percentage was found to be 17'4. After this the compound con- 
tinued to lose hydrogen chloride, but at a very slow rate, and with 
continued passage of the gas would probably approximate to 12°11 
per cent. or 1 molecular proportion of hydrogen chloride. 

On exposure to air this hydrochloride again gives the stable 


monohydrochloride : 
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0°2014 required 6°5 c.c. V/10-alkali. HCl=11°79. 
C,,H,;ON3,HCl requires HCl=12°11 per cent. 

In the same way the yellow modification of cinnamaldehyde- 
phenylsemicarbazone was exposed to the action of dry hydrogen 
chloride in the dark. The yellow compound formed was slightly 
darker in shade than that from the white modification, and it also 
reached a maximum addition of hydrogen chloride. The maximum 
after ten days in this case was 19°46 per cent. The hydrogen 
chloride content diminished much more rapidly, and in thirty- 
eight days fell to 15°15 per cent., again an approximation to 
1 molecular proportion. On exposure to air this hydrochloride 
gives, like that of the white modification, a stable monohydro- 
chloride: 

0°232 required 7°4 cc. V/10-NaOH. HCl=11°'59. 

C,,H,;ON3,HCl requires HCl =12°11 per cent. 


Addition of Sulphuric Acid to Cinnamaldehydephenyl- 
semicarbazone. 


The phenylsemicarbazone was mixed with a small quantity of 
concentrated sulphuric acid, alcohol added until the substance dis- 
solved, and the mixture cooled in ice. After a time yellow crystals 
separated, which were collected and recrystallised from glacial 
acetic acid. The sulphate was analysed in the usual way by heat- 
ing gently with excess of standard alkali and titrating the residual 
alkali: 

0°100 required 11°1 cc. V/10-NaOH. H,SO,=27°2. 

C,.H,;0N3,H,SO, requires H,SO,= 26°99 per cent. 

The sulphate is a brilliant, yellow-coloured powder, stable in air, 
but easily decomposed by cold water and dilute alkali with the 
formation of the phenylsemicarbazone and sulphuric acid. 


Preparation of a Dibromide of Cinnamaldchydephenyl- 
semicarbazone. 


The theoretical quantity of dry bromine in dry chloroform was 
added to the phenylsemicarbazone dissolved in dry chloroform, 
and the mixture was allowed to remain for half-an-hour, when 
yellow crystals began to‘appear. When all the substance had 
crystallised out the crystals were collected, dried, and recrystallised 
from chloroform. The substance crystallises in canary-yellow 
needles, which are very sparingly soluble in chloroform, and melt 
at 187°. Analysis showed it to be the dibromide of cinnamalde- 
hydephenylsemicarbazone : 

0°200 gave 17°1 c.c. N, at 10° and 754 mm. N=10'14. 
C,,H,,ON,Br, requires N=9°91 per cent. 
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This dibromide was subjected to the action of dry hydrogen 
chloride, but no addition took place. Evidently the dibromide 
does not form a hydrochloride. Also on treating cinnamaldehyde- 
phenylsemicarbazone monohydrochloride with bromine in chloro- 
form solution and adding light petroleum a yellow precipitate is 
obtained, which consists of the dibromide of cinnamaldehydepheny]l- 
semicarbazone. 


Preparation of a Monobromo-derivative of Cinnamaldehyde- 
phenylsemicarbazone from the Dibromide. 


It was found that on recrystallisation from alcohol the dibromide 
was decomposed, hydrogen bromide being liberated and a white 
substance melting at 168° crystallising out. Some of the cinnam- 
aldehydephenylsemicarbazone dibromide was therefore boiled in 
alcohol until dissolved, then diluted with water, and the product 
allowed to crystallise : 

0°200 gave 21°05 c.c. Ny at 12° and 739 mm. N=12°15. 

C,,H,,ON;Br requires N=12°20 per cent. 

The substance obtained is therefore a monobromo-derivative of 
cinnamaldehydephenylsemicarbazone. It crystallises in small, 
colourless, glistening needles, which after several crystallisations 
melt at 195°. It is readily soluble in chloroform, benzene, or boil- 
ing alcohol, but practically insoluble in light petroleum, 


Addition of Hydrogen Chloride to the Monobromo-derivative of 
Cinnamaldehyde phenylsemicarbazone. 


A weighed quantity of the monobromo-derivative was placed in 
a U-tube and subjected to the action of hydrogen chloride in the 
manner already described. Reaction took place immediately, and 
a yellow salt was produced. Passage of the gas was continued until 
the weight became constant: 

0°6624 monobromo-derivative gave 0°7458 hydrochloride. HCl 

added = 11°18. 
C,,H,,ON,Br,HCl requires HCl=9°59 per cent. 

The hydrochloride is bright canary-yellow, and fairly stable in 
air, gradually losing hydrogen chloride. It is partly decomposed 
by water and completely by dilute alkali. 


Preparation of Monobromocinnamaldehydephenylsemicarbazone. 


Cinnamaldehyde was first brominated according to the method 
described by Zincke and Hagen (Ber., 1884, 17, 1815). The 
brominated product separated at once, and was crystallised from 
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alcohol. It was mixed with the necessary quantity of phenylsemi- 
carbazide in alcoholic solution, when the phenylsemicarbazone sepa- 
rated immediately and was crystallised from alcohol: 

0°250 gave 26°2 c.c. N, at 12° and 745 mm. N=12°13. 

C,,H,,ON,Br requires N = 12°22 per cent. 

The substance crystallises in flat, colourless prisms, melting at 
197°. It is soluble in alcohol or chloroform, but more readily 
soluble in the latter than is the monobromo-compound derived from 
the dibromide. It is not identical with the latter substance, as is 
shown by crystalline structure, solubility, and melting point. 


Addition of Hydrogen Chloride to the above Monobromocinnam- 
aldehydephenylsemicarbazone. 


Hydrogen chloride was passed over a weighed quantity of the 
substance until the weight became constant. The addition of 
hydrogen chloride took place at once, but several days elapsed 
before the weight became constant: 

0°5922 phenylsemicarbazone gave 0°713 hydrochloride. HCl 

added = 16°94. 
C,,H,,ON,Br,2HCl requires HCl=17°50 per cent. 


This dihydrochloride of monobromocinnamaldehydephenylsemi- 
carbazone is bright yellow, of a slightly deeper shade than the 
monohydrochloride of the monobromo-compound obtained from 
cinnamaldehydephenylsemicarbazone dibromide. It is, however, 
much more unstable, and on keeping even in a stoppered weighing 
bottle loses hydrogen chloride, the colour at the same time dis- 
appearing. <A portion of the salt was exposed to the air for some 
time, then dried in a desiccator, and weighed. This treatment 
was repeated until the weight was constant, which condition was 
reached at the end of three weeks, and the yellow colour had 
entirely disappeared. On titrating a weighed quantity of the 
substance with standard alkali it was found that the hydrochloride 
had lost the whole of the hydrogen chloride on exposure to the air. 


Additior. of Hydrogen Chloride to Acetonesemicarbazone. 


Dry hydrogen chloride: was passed over a weighed quantity of 
acetonesemicarbazone (m. p. 187°) in the manner previously 
adopted. Hydrogen chloride was absorbed at once, and the sub- 
stance fused slightly, although no change in colour occurred. After 
some time the substance became powdery, the U-tube was weighed, 
and increase in weight found to have taken place. Hydrogen 
chloride was then passed over the substance until the weight 
became constant : 
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1:1984 acetonesemicarbazone gave 1°5820 hydrochloride. HCl 
added = 24°24. 
C,H,ON;,HCI requires HC]=24:09 per cent. 

The hydrochloride is evidently a monohydrochloride, and is 
obtained as a white powder, melting in a closed tube at 150—151°. 
It is unstable in ordinary air, and hydrogen chloride is gradually 
evolved from it. In dry air it is comparatively stable. 


Addition of Hydrogen Chloride to Acetonephenylsemicarbazone. 


Dry hydrogen chloride was passed over a weighed quantity of 
acetonephenylsemicarbazone (m. p. 157°) as before until the weight 
was constant. The substance caked slightly on the first addition of 
hydrogen chloride, but ultimately became powdery. No colour was 
produced, but an addition in weight occurred, showing the forma- 
tion of a salt: 

11088 phenylsemicarbazone gave 1°4180 hydrochloride. HCl 

added = 21°80. 
C,9H,,0N;,HCl requires HCl=16'05 per cent. 
C,)»H,,0N3,13HCl »  HCl=22°26 ,, ,, 
On exposure to air it rapidly loses hydrogen chloride. 


Addition of Hydrogen Chloride to Acetophenonesemicarbazone. 


Dry hydrogen chloride was passed over a weighed quantity of 
the semicarbazone (m. p. 202°) as before. The substance fused 
almost immediately and a yellow colour was developed. The weight 
increased gradually, but did not become constant, and the substance 
remained semi-solid, and appeared to decompose. The amount of 
hydrogen chloride taken up approximated to two molecular propor- 
tions, but the resuits could not be trusted owing to the semi-fused 
condition of the substance. 


Addition of Hydrogen Chloride to Acetophenonephenylsemi- 
carbazone. 


This compound behaved in much the same way as the semi- 
carbazone. Addition of hydrogen chloride takes place with fusion, 
and a deep yellow colour is developed. The effect of strong cooling 
was tried in this case, the tube being surrounded by carbon 
dioxide snow. Even under these conditions the substance fused 
although the colour developed was very much less. In the case 
of this phenylsemicarbazone the hydrochloride solidified to a hard 
mass adhering to the tube. 

Two experiments were tried: (1) Addition of dry hydrogen 
chloride at room temperature: 


TO OUR KNOWLEDGE OF SEMICARBAZONES. PART IV. 2905 


0°5932 phenylsemicarbazone gave 0°7808 hydrochloride. HCl 
added = 24°02. 
C,;H,;ON;,2HCl requires HCl = 22°36 per cent. 
(2) Addition of hydrogen chloride at the temperature of solid 
carbon dioxide: 
0°3272 phenylsemicarbazone gave 0°4094 hydrochloride. HCl 
added = 20°05. 


Addition of Hydrogen Chloride to Benzaldehydesemicarbazone. 


Hydrogen chloride was passed over the semicarbazone (m. p. 
222°) in the manner already described. The colour changed from 
white to greyish-white, and slight fusion took place on the first 
formation of the monohydrochloride : 

0°8548 semicarbazone gave 1°0613 hydrochloride. HCl added= 

19°45. 
C,H,ON;,HCl requires HCl=18°29 per cent. 

The hydrochloride is greyish-white, melts at 199°, and is fairly 
stable in air. 


Addition of Hydrogen Chloride to Benzaldehydephenylsemi- 
carbazone. 


The phenylsemicarbazone was dissolved in dry chloroform, and 
dry hydrogen chloride passed through the solution. The solution 
became yellow, and a white precipitate formed, which was collected 
in an atmosphere of dry air, washed with chloroform, and dried 
on a porous tile. A quantity of this was placed in a dry, previ- 
ously weighed weighing-bottle, the bottle weighed, and the contents 
were shaken into excess of standard alkali; the excess of alkali 
after warming the mixture was titrated with standard acid: 

0°2598 required 13°3 c.c. V/10-NaOH. HCl=18°68. 

C,,H,,0N;,2HCl requires HCl=23°4 per cent. 

The hydrochloride evidently loses hydrogen chloride too rapidly 
even in dry air to allow of accurate estimation. 

The substance was therefore exposed to the action of dry hydro- 
gen chloride until the weight became constant. The substance 
became yellow immediately on the passage of the gas, and at the 
same time partly liquefied. The final product was deep yellow and 
semi-solid in appearance. 

Owing to fusion having taken place a satisfactory result was not 
obtained : 

0°3264 phenylsemicarbazone gave 0°4196 hydrochloride. HCl 

added = 22°21. 
C,,H,,0N;,2HCl requires HCl=23'4 per cent. 
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This dihydrochloride is yellow and exceedingly unstable; it 
decomposes immediately on exposure to air. 
Annexed is a summary of the compounds examined. 


, ° Mols. HCl | Colour of ad- | Stability of additive 
Substances investigated,| “added. | ditive product. product. 
| 
a-Piperonylideneacetone- 2 | Vermilion Very unstable, af- 
semicarbazone fected by light, 
| stable at 1 mol. 
| HCl. 
B- Piperonylideneacetone- | 1 |Canary-yellow | Stable. 
semicarbazone | 
Cinnamaldehydesemi-| 2 | Deep orange Unstable. 
carbazone 
Cinnamaldehydepheny] - | 1 |Canary-yellow | Stable. 
semicarbazone 
Cinnamaldehydephen y1- No — | — 
semicarbazone di-| addition | 
bromide | | 
Monobromo-derivative 1 | Yellow | Fairly stable; gradu- 
from cinnamaldehyde- | ally loses HCI. 
phenylsemicarbazone | 
dibromide 
Monobromocinnam alde-| 2 | Bright yellow | Unstable. 


hydesemicarbazone | 
Acetonesemicarbazone | No colour Comparatively 
| stable in dry air. 
HCl evolved 
| slowly in ordinary 
air. 


os 


Acetonephenylsemic ar b- | 1} | No colour | Unstable. Tends to 
azone | | stability at 1 mol. 
| HCl. 
Acetophenonese mi eorb-| 2 | Yellow | Unstable. 
azone 
Aantaghenenepheny!| 2 | Yellow | Unstable. 
semicarbazone (indefinite) | | 
Benzaldehydese micar b-| 1 Greyish Fairly stable. 
azone | 
Benzaldehydephenyl-| 2 | Yellow |\Exceedingly un- 
semicarbazone | stable. 
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CCLXXII.—The Absorption Spectra of Sulphurous 
Acid and Sulphites. 


By Ropert Wricut. 


In a former paper (this vol., p. 669) dealing with the relation 
between the absorption spectra of various acids and their alkali 
salts, the absorption curves of sulphurous acid and sodium sulphite 
were shown. In view of the doubtful constitution of these sub- 
stances, and as their light absorptive powers are so fundamentally 
different, the acid showing selective, and the salt only general 
absorption ; it was considered of importance to investigate their 
special case more closely. 

Potassium sodium sulphite, prepared either from sodium hydro- 
gen sulphite and potassium hydroxide or from potassium hydrogen 
sulphite and sodium hydroxide, gave a spectrum identical with that 
of sodium sulphite. 

Most sulphites of the bivalent metals are too insoluble to admit 
of investigation; magnesium sulphite is, however, sparingly 
soluble, and on photographing its J//100-solution it was found to 
give the same spectrum as the alkali sulphites. 

It seemed possible that sulphurous acid might have a structure 
similar to that of the sulphonic acids, for it will be seen on refer- 
ence to the paper already mentioned that benzenesulphonic acid 
and its salt both give a band in the same region of the spectrum, 
but at a greater dilution than sulphurous acid. On examination, 
however, the sodium salt of ethylsulphonic acid was found to be 
quite diactinic, so that the occurrence of the band in the aromatic 
compound must be attributed to the phenyl nucleus, which, as is 
well known, almost invariably causes selective absorption. 

Ethyl sulphite, from thionyl chloride, was also examined in 
alcoholic solution, and was found to be practically diactinic at 
M /10-dilution 

Stewart and Macbeth, in an unpublished research, observed that 
gaseous sulphur dioxide gave a band in the ultra-violet. It was 
therefore thought advisable to compare this band with that of 
aqueous sulphurous acid. 

The investigation was carried out by means of the following 
apparatus. A tube of about 2 cm. in diameter and exactly 10 cm. 
long has its ends closed with quartz windows, This observation 
cell has two side-tubes, one connected with a source of the gas and 
the other with a manometer and pump. The apparatus is fitted 
with three taps, one between the source of the gas and the cell, 
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one between the cell and the manometer, and the third between 
the manometer and pump. All connexions in the apparatus were 
of glass. 

In using the apparatus, all the taps are opened and the air is 
swept out by a stream of sulphur dioxide; the taps are now closed, 
the apparatus is connected with the pump, and a series of photo- 
graphs taken through the cell at different pressures, which are 
observed by means of the manometer. Taking 2°9266 grams as the 
weight of a litre of sulphur dioxide at N.T.P., the normality of the 
gas under these standard conditions is 2°9266/64=0°04572N. <A 
thickness of 100 mm. of a gas the normality of which is 0°04572 
corresponds with 4°57 mm. of W-concentration. By a similar calcu- 
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lation the 10 cm. thicknesses at different pressures can be reduced 
to the corresponding thicknesses of V-gas. The curve drawn from 
these results is shown in comparison with that of aqueous sulphur- 
ous acid, and it will be seen that they strongly resemble one 
another: for although differing slightly in persistence, they corre- 
spond in their positions in the spectrum and in the thicknesses at 
which they occur. 

A few comparison photographs were also made, using air as a 
diluent. For this purpose the tube was filled with gas as before, 
the pressure reduced, and a photograph taken; air was now 
admitted to the cell by raising a tap out of its seat, and a second 
exposure made. Since the gas in the cell is under less than atmo- 
spheric pressure, it cannot escape during this process, and so the 
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second exposure is made through the same amount of sulphur 
dioxide as the first; only, in the latter case it is diluted with air 
instead of being under diminished pressure. In the half-dozen 
comparisons made no difference could be detected between the two 
sets of photographs. 

The result seems to indicate that aqueous sulphurous acid consists 
largely of uncombined sulphur dioxide molecules. The solution was 
also examined at zero, by surrounding the cell with ice, in order 
to see if the solution of the crystalline compound which separates 
at that temperature gave the same spectrum as the solution under 
ordinary conditions. No difference in the two spectra could be 
detected. 

From this work the conclusion may be drawn that an aqueous 
solution of sulphur dioxide consists to a large extent of uncombined 
gas molecules. 


QuxEn’s UNIVERSITY, 
BELFAST. 
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Acetylacetones, C;H,0,. 
Acids, relation between absorption 
spectra of, and their salts (WRIGHT), 
-, 669; P., 39. 
catalytic activity of (DAwson and 
Powis), T., 1093; P., 60. 
ionisation and catalytic activity of 
(Dawson), P., 112. 
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p»tassium salts of (BUNBURY and 
Martin), T., 417; P., 8. 
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carbinols and (PrcKARD and KEn- 
yon), T., 830. ° 
dibasic, action of benzoin with the 
chlorides of (McCompBre and 
ParkKEs), T., 1687; P., 185. 
weak, influence of neutral salts on the 
dissociation of (McBain and CoLEz- 
MAN), T., 1517; P., 135. 
Acylation, influence of steric hindrance 
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P., 25. 
Address, presidential (PERKIN), T., 
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amide with (ENeLIsH and TURNER), 
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(MaRsHALL), T., 527; P., 13. 
action of hydrocyanic acid on (JONEs), 
T., 1000; P.,. 18. 
aliphatic, dynamics of the action of 
halogens on (DAWsoN, BURTON, 
and Ark), T., 1275; P., 117. 
action of iodine on (DAwsoNn 
and MarsHatu), T., 386; P., 
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Alkali alkyl sulphates, interaction of 


alkali nitrites and (Neoc1), T., 


2371; P., 220, 
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Alkali hydrogen carbonates, dissocia- 
tion pressures of (CAVEN and Sanp), 
T., 2752; P., 268. 

metals, molecular weights of salts of, 
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(TURNER and Bissett), T., 17773 
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hydrogen peroxide on 
T., 36. 
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Amides, acid, action of Grignard re- 
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(GouLpING and Roserts), T., 2613 ; 
P., 244. 
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MAN), T., 1517; P., 1385. 

W-Bases, researches on (G. M. and 
R. Rostnson), T., 1456; P., 
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Benzoterpenes, synthesis of (KAy and 
Moxron), T., 1565; P., 162. 

Bismuth compounds, absorption spectra 
ot (CRYMBLE), P., 179. 

Bismuth organic compounds (CHAL- 
tuncun), T., 2210; P.. °-2389; 
(CHALLENGER and ALLPREss), P., 
292. 
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LENGER), T., 2210; P., 229. 

Biuret, C,H,;0,N3.- 

Boiling point. apparatus for determina- 
tiou of (FIrTH and Myrrs), T., 2887 ; 
P., 293. - 

Borneol, ©,,H,,0. 

Boron :— 

Boric acid, properties of solutions of, 
in alcohol (Frrru and Myrrs), T., 
2887 ; P., 293. 

Bromine, solutions of, in water, nitro- 
benzene and carbon tetrachloride 
(JosEPH), P., 244. 

Brucine, C.3H.,0,No. 
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Cesium hydrogen carbonate, dissocia- 
tion pressure of (CAVEN and Sanp), 
T., 2752; P., 268. 

Calcium hydroxide, equilibrium of cal- 
cium nitrate, water, and (BASSETT 
and Taytor), T., 1926; P., 204. 

nitrate, equilibrium of calcium hydr- 


oxide, water and (BasseTr and 


Taytor), T., 1926; P., 204. 
Calorimeter, adiabatic (Gray), T., 1010. 
Camphane series, studies in the (For- 

STER and Kunz), T., 1718; P., 198; 
(ForstTER and SCHLAEPFER), T., 2770 ; 
P., 268. 

Camphene, C,)H,,. 

Caoutchduc, osmotic properties and 
physical constitution of solutions of 
(CAsPARI), T., 2139; P., 226. 

Carajuretin, C,,H,.0. 
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Carbamides, constitution of (WERNER), 
T., 923; P., 26. 

isoCarbamides, preparation of (WERNER), 
T., 923; P., 26. 
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esters of (KENYON), T., 2226; P., 
231. 

optically active, rotation of esters of 
aliphatic acids and (PickArp and 

Kenyon), T., 830. 

Carbohydrates, oxidation of, with potas- 
sium persulphate(Woopand WALKER), 
T., 1131; P., 115. 

Carbon monoxide, liquid, capillary con- 

stants of (CROMMELIN), P., 248. 
inflammability of mixtures of air 
and (CowArRD and BrINSLEY), 
T., 1859; P., 176. 
estimation of (GRAHAM and WIN- 
MILL), T., 1996; P., 160. 
dioxide, evolution of, fiom solutions 
of gelatin and starch (FiNDLAY and 

Kine), T., 1297; P., 114. 

Carbon, estimation of, in organic com- 
pounds (Grey), T., 2204; P., 231. 

isoCarbostyril, C,H,ON. 

Catalysis (LAMBLE and Lewis), T., 
2330 ; P., 222 ; (SHRODER and ACREE), 
T., 2582; P., 228. 

Catalytic activity of acids (DAWSON and 
Powis), T., 1093; P., 60. 

Caulosapogenin, C,.H,,0,. 

Celluloid, absorption of gases by (LEFE- 
BURE), T., 328. 

Cellulose, methylation of (DENHAM and 
Woopuovse), T., 2357; P., 238. 

Cepheline, C,,H,,0,N>. 


Chemical combination and molecular | 
| Cymbopogon coloratus, volatile oil of 


association (TURNER and ENGLISR), 
T., 1786; P., 132. 


Chemical constitution and _ rotatory 
power (PIcKARD and KENyow), 
T., 830, 1115 ; P., 83; (Kenyon), 
T., 2226; P., 231; (KENYON and 
PICKARD), T., 2262, 2644, 2677 ; 
P., 232, 243, 262, 273, 307. 
relation between viscosity and (DtUN- 
STAN, THOLE, and Benson), T., 
782. 
Chlorine, rate of combination of nitric 
oxide and (CoaTgEs and FINNEY), 
T., 2444; P., 211. 

Hydrochloric acid, dilute, action of, 
on gelatin (ProcTER), T., 3138. 

Cholesterol, C,,H 4,0. 

Chromium :-— 

Chromic chloride, action of, on Grig- 
nard reagents (LENNETT and TuR- 
NER), T., 1057; P., 79. 

Cinchonicine, C,,H,.0 Ng. 

Clematis vitalba, constituents of (TUTIN 
and CLEWER), T., 1845; P., 210. 

Coal, composition of (JonEs and 

WHEELER), T., 140, 2562; P., 243. 
distillation of, in a vacuum (BURGESS 
and WHEELER), T., 131. 

Colloids, influence of, on the solubility 
of gases in water (FinDLAY and 
HowELt), T., 291; P., 13. 

Colour and tautomerism (MELDOLA and 
HouveE.y), T., 9773 P., 85. 

Colouring matters, relation between 

chemical constitution and depth of 
colour of (Watson), T., 759. 

from Indian plants (PeRKIN and 
SHULMAN), P., 200. 

derived from quercetin (WATSON and 
Sen), T., 389. 

Co-ordination and _ residual affinity 
(MorGAN and Moss), T., 189. 

Copper, finely divided, absorption of 

gases and production of high vacua 
by (Merton), T., 645; P., 55. 
action of sulphuric acid on (CUNDALL 
and FAIRGRIEVE), T., 60. 
compounds, colour’ intensity of 
(PicKERING), T., 464. 

Cupric salts, reduction of, by sugars 
(CRAMER), P., 293. 

chloromercaptides (RAy), P., 304. 

tsoCoumarin, C,H,0,. 

Cyanidion catalyses, mechanism of 
(JonEs), T., 1547; P., 118. 

Cyanogen :— 

Hydrocyanic acid, action of, on alde- 
hydes and ketones (Jongs), T., 
1560; P., 118. 

Cyanohydrins, constitution of (Crow- 
THER, Mct‘omBik, and Reape), T., 
988; P., 57. 


(GouLpING and EArt); P., 10. 
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Daphnandra micrantha, alkaloids of 
(Pyman), T., 1679; P., 184. 

Daphnandrine, C,,H;,0,N. 

Daphnoline, C,;,H;,0,N2. 

Daviesia latifolia, constituents of the 
leaves and stems of (PowER and Sat- 
way), T., 767; P., 66. 

Deliquessence (PeppLE), T., 1025; P., 
81. 


Denitrification, mechanism of (HULME), 
9 

Desmotropy (Lowry), P., 105. 

Diastase, action of, on starch granules 
(BAKER and Hutron), T., 1529; P., 
183. 

o-Diazoimines, constitution of (MorcAN 
and ScHarFF), T., 117. 

Diazonium salts, non-aromatie (MorGan 
and REILLY), T., 435. 

Dibenzoylglueoxylose, ©,;H.,0,.. 

Dilution law (Partincron), P., 251; 
(BousFieLp), T., 1809; P., 156. 

Dioximines, chemical constitution 
(TscHuGAEV), T., 2187 ; P., 224. 

Diphenyl series, studies in the (CAIN 
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Faraday lecture (ARRHENIUS), T., 


1414; P., 165. 


| Flames, water-gas equilibrium in hydro- 


carbon (ANDREW), T., 444; P., 22. 


| Fluorone derivatives (Porr), T., 251. 


G. 


| Gases, refractivity of (Jones and Parr- 


of | 


and MIcKLETHWAIT), T., 1437, 1442; | 


P., 146, 147. 


Dispersion, rotatory, of organic com- 


pounds (Lowry), T., 81; (Lowry, 
PickarRp, and Kenyon), T., 94. 

Distillation, apparatus for (Bikenp- 
RECHT), P., 160. 


E. 


Electrode, dropping, in alcoholic solu- 
tion (Newrery), T., 2553; P., 241. 
hydrogen, potentials of the, in mix- 
tures of acetic acid and sodium 
acetate (WALPOLE), T., 2501, 2521; 

P., 237, 238. 

Electrodes, combination of the hydrogei: 
and calomel (FurRNEss, HArpMaN, 
and NEwBEry), T., 2302; P., 233. 

Electrolytic dissociation (ARRHENIUS), 
T., 1414; P., 165. 

Electromotive forces, measurement of, 
in alcohol (FurNeEss, HArpMAN, 
and NewseEry), T., 2302; P., 233; 
(Newsery), T., 2553; P., 241. 

Emetine, Co,H4.0,N2. 

Epicamphor, C,)H,,0. 

Equilibria, ionic. See Ionic equilibria. 


Ethoxides, reactions of alkyl haloids 
with (SHropER and Acres), T., 
2582; P., 228. 

Ethylenic dibromides, conversion of, 
into the corresponding glycols (Barn- 
BRIDGE), T.,-2291; P., 232. 


INGTON), P., 201. 
ignition of mixtures of (CowaRD and 
BRINSLEY), T., 1859; P., 176. 
by adiabatic compression (Dixon, 
BRADSHAW, and CAMPBELL), T., 
2027; P.. 222; (Dixon and 
Crorts), T., 2036; P., 223. 
by the elect:ic discharge (CowaRD, 
CoorEr, and Jacoss), T., 1069; 
Pg Bee 
velocity of evolution of, from super- 
saturated solutions (FINDLAY and 
Kino), T., 1297; P., 114. 
influence of colloids and fine sus- 
pensions on the solubility of, in 
water (FINDLAY and Howe 1), T., 
ai: &.., 23. 
absorption of, by celluloid (LEFE- 
BURE), T., 328. 
absorption of, by copper (MERTON), 


T., 645 ; P., 55. 

Gas-pressure regulator (JosEepH), P.,254. 
| Gelatin, action of dilute acids on 
(Procter), T., 1313. 
| German silver, metallography of 
(Tuompson), T., 2342; P., 233. 
| Glucoses, methylated (IRvinE and 


| Glyoxals, 


Hoce), T., 1886; P., 145. 

Glucosides. See Sarsasaponin. 

Thujin. 

Glucoxylose, C,,;H)0j- 

Glycol aryl ethers (Boyp and Marte), 
T., 2133. 

Glycols, preparation of, from the corre- 
sponding dibromides (BAINBRIDGE), 
T., 2291; P., 282. 

preparation of, and their 
acetals (DAKIn and Dvuptey), T., 
2453; P., 108. 

Grignard reagents, action of, on acid 
amides (McKENzIE, Marrin, and 
RULE), T., 1583 ; P.. 182. 

action of aldehydes on (MARSHALL), 
Tog OAC 5 Fay. 0B 

action of chromicchloride on (BENNETT 
and TurNER), T., 1057; P., 79. 


H. 
Halogens, dynamics of the action of, on 


aliphatic aldehydes (Dawson, Bur- 
TON, and Ark), T., 1275; P., 117. 
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Heat of vaporisation, latent (APPLEBEY 
and CHAPMAN), T., 734; P., 27. 
Hops, nitrogenous constituents of (CHAP- 
MAN), T., 1895; P., 196. 
2-Hydrindamine, (,H,,N. 
Hydrocarbons, water-gas equilibrium in 
flames of (ANDREW), T., 444; P., 
22. 
aromatic, compounds of antimony 
haloids and (VANsroneg), T., 1491; 
P., 140. 
synthetic, allied to terpenes (HAWORTH 
and Fyre), T., 1659; P., 182. ‘ 
Hydrochloric acid. See under Chlorine. 
Hydrocyanic acid. See under Cyanogen. 
Hydrogen, inflammability of mixtures of 
air and (COWARD and BRINSLEY), 
T., 1859; P., 176. 
electr:de. See Electrode. 
peroxide, action of, on sodium alkyl 
thiosulphates (Twis:), T., 36. 
Hydroxy-compounds, influence of con- 
figuration on the condensations of 
(IRVINE and Paterson), T., 898; 
P., 68. 
aromatic, substitution in (HARDING), 
T., 2790; P., 299. 
Hydroxymethylene ketones, condens- 
ation of cyanoacetamide with (SEN- 
Gupta), T., 148. 


I. 


Ignition of gases (CowaRD and Brins- 
LEY), T., 1859; P., 176. 
by the electric discharge (CowaRD, 
CoorEr, and Jacoss), T., 1069 ; 
Psy 0s 
by adiabatic compression (D1xon, 
BRADSHAW, and CAMPBELL), T., 
2027 ; P., 222; (Drxon and 
Crorts), T., 2036; P., 2238. 
Iodine, action of, on aliphatic aldehydes 
(Dawson and MARSHALL), T., 386 ; 
P., 24. 
reaction of, with sodium benzylthio- 
sulphate (PricE and Jaqugs), T., 
1140; P., 117. 
compounds of, with organic substances 
(BARGER and STARLING), P., 2, 303. 

Iodo-compounds, organic, relative activi- 
ties of, with sodium phenoxide (SEG- 
ALLER), T., 106, 112. 

Ionic equilibria between semipermeable 
membranes (DONNAN and ALLMAND), 
T., 1941; P., 180. 

Ionisation and the law of mass action 
(BousFiELD), T., 600, 1809 ; P., 156. 

Ipecacuanha alkaloids (CARR and Py- 

MAN), T., 1591; P., 157. 
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Ipecacuanha alkaloids, relation between 
the absorption spectra and constitution 
of (Dopsre and Fox), T., 1639; P., 
184. 

Isomerism, dynamic (Lowry), P., 105. 
position-, and optical activity (CoHEN), 

T., 1893; P., 221. 

Iron, corrosion of, and its application in 
determining the relative strengths of 
acids (FRIEND and MARSHALL), T., 
2776; P., 263. 

porosity of (Perkins), T., 102, 
compounds, colour intensity of 
(PicKERING), T., 466. 


K. 


Ketones, action of hydrocyanic acid on 
(JonEs), T., 1560; P., 118. 
condensation of phenols and (SEN- 
Gupta), T., 399. 
hydroaromatic (CRossLEY and Pratt), 
P25, Yas 


L. 


Lead from Ceylon thorite, atomic weight 
of (Soppy and Hyman), T., 1402; 
P., 134. 

corrosion of (LAMBERT and CULLIS), 
P., 198. 

erosion of (LIVERSEEGE and Knapp), 
P., 25. 

Liquids, optically active, rotatory disper- 
sion of (Lowry, PicKArD, and 
Kenyon), T., 94. 

relation between the solvent power of, 
and their dielectric constants (TvR- 
NER and Bissett), T., 947; P., 59. 
molecular complexity of (TURNER), 
P., 29. 
adiabatic and isothermal, compressi- 
bilities of (Tyrer), T., 2534; P., 
236. 
viscosity of binary mixtures of, con- 
taining formamide (MERRY and 
TurRNER), T., 748; P., 60. 
mixed, thermal properties of (PART- 
INGTON), P., 61. 
surface tension of (WoRLEY), T., 
260, 273. 
organic, magnetic rotation and disper- 
sion of (Lowry), T., 81. 


M. 
Magnesium borides (Ray), T., 2162; 
P., 242. 
Manganese, velocity of precipitation of, 
in presence of zinc (WALKER and 
FarMER), P., 139. 
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Mannitol, C,H,,0,. 

Mass action, law of, and ionisation 
(BousFIELD), T., 600, 1809; P., 156. 
Matricaria chamomilla, constituents of 
the flowers of (PowER and Brownine), 

T., 2280; P., 237. 

Membranes, semipermeable, ionic equili- 
bria between (DONNAN and ALLMAND), 
T., 1941; P., 180. 

Menthyl derivatives, rotation of (KEN- 
YON and Pickarp), P., 273. 

Mercury, atomic weight of (BAKER and 

Watson), T., 2530; P., 243. 
alloys with sodium, specific volumes 
and conductivities of (VANSTONE), 
T., 2617; P., 241. 
compounds, absorption spectra 
(CryMBLE), T., 658; P., 16. 
Mercuric iodide, equilibrium in the 
system, potassium iodide, ethyl 
ether and water (DUNNINGHAM), 
T., 368, 724, 2623; P., 8, 58, 
107. 
nitrite, compounds of, with organic 
thio-derivatives (KAy), P., 140. 
Mercurous chloride (calomel) electrode. 
See Electrode. 

Mesitylenes, amino-, diazotisation 
(MorGan and Reitty), P., 74. 
Metallic salts, trituration of mixtures of 
(PARKER), T., 1504; P., 137. 
compounds of phenanthraquinone 

with (KNox and Innzs), T., 
1451; P., 159. 

Metals, wet oxidation of (LAMBERT and 
Cuuis), P., 198. 

Methyl pentoses, constitution of (GIL- 
MOUR), T., 73. 

Micranthine, C,,H;.0,N2. 

Molecular association and 

combination (TURNER and 
LisH), T., 1786; P., 132. 

formule, consistent (TURNER), 
110. 


of 


of 


chemical 
ENG- 


i oe 


N. 


Nitrification, mechanism of (Mumrorp), 
“> 
experiments on the rate of (BEESLEY), 
‘dos, 2004; P., 67. 
Nitro-compounds, colour reactions of 
(HARPER and Macsern), P., 263. 
aliphatic, theories of formation of 
(NEoc!), T., 2371; P., 220. 
Nitrogen, inflammability of methane 
with mixtures of oxygen and 
(PARKER), T., 1002; P., 75; 
(BurcEss and WHEELER), T., 
2595 ; P., 245. 
and 


oxides, constitution molecular 


volumes of (LE Bas), P., 87. 


| 
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Nitrogen monoxide (nitrous oxide), solu- 
bility of, at low pressures (FINDLAY 
and Howe 1), T., 291; P., 13. 

dioxide (nitric oxide), rate of combina- 
tion of chlorine and (CoATEs and 
FINNEY), T., 2444; P., 211. 

peroxide or tetroxide, vapour pressure 
of (EGERTON), T., 647; P., 5. 

trioxide, dissociation of gaseous 
(Jonxs), T., 2310; P., 230. 

Nitric acid, action of, on brucine 
in presence of metallic nitrates 
(RENNIE and Dawkins), T., 1487 ; 
P, The 

Nitrates, detection and estimation of, 
colorimetrically (LETTs and Rega), 
T., 1157: P., 72. 

Nitrous acid, action of, on amines 
T., 1270; P., $6. 

Nitrites, detection and estimation of, 
colorimetrically (LETrs and REA), 
Eup SEO) S Poy, Tle 

Nitrogen atom, asymmetric tervalent, 

compounds of (Moors), P., 182. 
asymmetric quinquevalent,attempts 
to prepare derivatives containing 
(MELvoLA and HOo..ety), T., 
1469; P., 159. 
doubly-linked, configuration of 
(Mitts and Barn), T., 64. 


0. 


Obituary notices :— 

Matthew Algernon Adams, T., 1189. 
Joseph Carter Bell, T., 1193. 
William Popplewell Bloxam, T., 1195. 
Harry Burrows, T., 1200. 

James Tudor Cundall, T., 1201. 
Robert Kennedy Dunean, T., 1203. 
John Gibson, T., 1204. 

Sir Walter Noel Hartley, T., 1207. 
John Heron, T., 1216. 

Julius Lewkowitsch, T., 1217. 
Hugh Marshall, T., 1219. 

George Maithey, T., 1222. 

Olefine oxides, velocity of combination 
of sodium derivatives of phenols with 
(Boyp and MAkLE), T, 2117; P., 
199. 

Optical activity and position-isomerism 

(CoHEN), T., 1892; P., 221. 
without an asymmetric carbon atom 
(Kine), P., 249. 
of compounds of simple molecular 
coustitution (Porg and READ), 
Keg M023 Bend 

influence of acids and alkalis on the, 
of amino-acids (Woop), T., 1988 ; 
P., 220. 


Optically active compounds, influence of 
solvents on the rotation of (PATTERSON 
and Potuock), T., 2322; P., 234. 

Organic compounds, rotatory dispersion 

of (Lowry), T., 81; (Lowry, Pick- 
ARD, and Kenyon), T., 94. 
blue compounds of, with iodine 
(BARGER and SraRLIne), P., 2, 303. 
aliphatic, estimation of carbon in 
(Grey), T., 2204; P., 231. 
aromatic, absorption spectra of 
(Purvis), T., 1872; P., 141. 
compounds of antimony haloids and 
(VANstToNng), T., 1491; P., 140. 

Overvoltage (NEwBERY), T., 2419; P., 
235. 

Oximes, isomerism of (BRADY and Duny), 
T., 821, 2409, 2872; P., 65, 240, 292 ; 
(Brapy), T., 2104; P., 198. 

Oxygen, iuflammability of mixtures of 
methane, nitrogen, and (PARKER), 
T., 1002; P., 75; (Burerss and 
WHEELER), T., 2596; P., 245. 


P. 


Petroleum, fractional distillation of 
(SANDERs), T., 1697; P., 185. - 
Phenol derivatives containing a mobile 
nitro-group, syntheses with (MELDOLA 
and Ho.ue.y), T., 977; P., 85. 
Phenols, alkylation of, by means of 
sulphuryl chloride (SMyru), P., 14. 
condensation of ketones with (SEN- 
Gupta), T., 399. 
migration of p-halogen atoms in (GIBBS 
and KoBEekrtson), T., 1885; P., 221. 
velocity of decomposition of acyl de- 
rivatives ot (Jones and LapwortH), 
P., 141. 
velocity of saponification of the acyl 
derivatives of (McCoMBIE and Scar- 
BOKOUGH), T., 13804; P., 107. 
velocity of combination cf sodium 
derivatives of, with olefine oxides 
(Boyp and MARLE&), T., 2117; P., 
199. 
coniensation of ethyl a-chloroaceto- 
acetate with (Dey), P., 38. 
Phenoxides, reactions of alkyl haloids 
with (SHRODER and ACREE), T., 2532 ; 
P., 228. 
9-Phenylfluorene. 3-hydroxy-. 
sorcinol-benzein. 
Phenyiglyoxalines, substituted, prepara- 
tion of (SrtPHEN and WEIZMANN), 
(ee ee 2 
Phenylhydrazones. nitrated, absorption 
spectra of (Hewitt, JoHNsoN, and 
Porg), T., 364; P., 4. 
’ Phenylsiliconie acid and its sudium salt 
(Means and Kippine), T., 685. 


See Re- 


INDEX OF SUBJECTS. 


2933 


Phosphorus compounds, absorption spec- 
tra of (CRYMBLE), P., 179. 
ventavhioride, action of, on esters 
of glyceric acid (FRANKLAND and 
TURNBULL), T., 456; P., 29. 
oxides, constitution and molecular 
volumes of (LE Bas), P., 87. 
Phototropy, studies in (SENIER and 
CLARKR), T., 1917; P., 203; (SENIER 
and ForsTErR), T., 2462; P., 227. 
Phytic acid, C;H,,0,,)P3. 
Phytin, C,.H»..044P,9Ca, Mg. 
Pinacones, synthesis of (Parry), P., 
298. 
Plants, Indian, colouring matters from 
(PERKIN and SHutMAN), P., 200 
Platinic chloromercaptides (RAy), P., 
304. 
Potassium hydrogen carbonate, dissocia- 
tion pressure of (CAVEN and SAND), 
T., 2752; P., 268. 
iodide, equilibrium in the system: 
ethyl ether, mercuric iodide and 
water (DUNNINGHAM), T., 365, 724, 
2623; P., 8, 58, 107. 
nitrate, solubility of, and of its mix- 
tures with strontium, and barium 
nitrates (FINDLAY, Morcan, and 
Morris), T., 779; P., 73. 
persulphate, oxidation of carbo- 
hydrates by means of (Woop and 
WaALKEn), T., 11381; P., 115. 
polysulphides (RULE aud THomas), 
T., 2819; P., 270. 
Psychotrine, C,,H3,0,N>9. 
2- and 4-Pyrones, compounds of iodine 
with (BARGER and Srar.ine), P., 
3038. 


Q. 


Quebracho bark, alkaloids of (Ewins), 
T., 2738; P., 258. 
Quercetin, C,;H,)0>. 
Quercitrin, C.;H_9;;. 
is Quinoline alkaloids (Horr and Ros- 
INSON). T., 2085; P., 228. 
relation between the absorption spectra 
and constitution of (Donsre and 
Fox), T., 1639; P., 184. 
Quinone-ammonium derivatives (MEL- 
poLA and HouvEcy), T., 1469, 2073 ; 
P., 159, 229. 


R. 


Racemic compounds, existence of, in the 
liquid state (SmirH), T., 1703, P., 
22. 

Refractivity and rotatory power (PEA- 
cock), T., 2782; P., 264. 
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Resorcinol-benzein, Cy9H,203. 

Rhamnus catharticus, colouring matters 
of (OzscH and PERKIN), 'l'., 2350; 
P., 236. 

Ring-formation, effect of, on viscosity 
(THOLE), T., 2004; P., 181. 

Rotation of optically active compounds, 
influence of solvents on the (PATTER- 
son and Pouiock), T., 2322; P., 234. 

Rotatory dispersion. See Drspersion. 
power and chemical constitution 

(PicKARD and Krnyon), ‘T’., 830, 
1115; P., 83; (Kenyon), T., 
2226; P., 231; (Kenyon and 
PicKARD), T., 2262, 2644, 2677 ; 
P., 232, 243, 262, 273, 307. 

and refractivity (PEACOCK), 
2782; P., 264. 

Rubidium hydrogen carbonate, dissovia- 
tion pressure of (CAVEN and Sanp), 
T., 2752; P., 268. 


T. . 
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| Silver, spitting of (Bakrr), P., 56. 


| Silver alloys with tin, ageing of 

| (Knicar), T., 639; P., 28. 

| Silver sulphide, equilibrium of, with 

silver (Bisse1t), T., 1223; P., 82. 
removal of sulphur from (BissErr), 
T., 2829; P., 269. 

Soap solutions, constitution of (BuN- 
BuRY and Marrtn), T., 417; P., 8; 
(McBaIn and Martin), T., 957 ; P., 68. 

Sodium alloys with mercury, specific 
volumes and conductivities of (VAN- 
STONE), T., 2617; P., 241. 


Salts containing two solvents of crystal- | 
| Solangustidine, O,,H,,0,N. 
| Solangustine, C;,H,;,0,N. 


lisation (MAxrsu), T., 2368 ; P., 83. 
neutral, intluence of, on the dis- 


sociation of weak acids and bases | 


(McBaIN and CoLEMAN), T., 1517 ; 
P., 135. 
Santalin, Cy) H,,04p. 
Sarsaparilla root, constituents 
(PowER and Sa.tway), T., 201. 
Sarsapic acid, C,H,0,. 
Sarsasapogenin, C,,H,,03. 
Sarsasaponin, ©,,H 0.9. 
Schiffs bases, addition 
radicles to (JAMES and Jupp), T., 
1427. 


of 


Selenium ‘/; compounds, aromatic 
"2 


(PyMAN), 302. 

Semicarbazones, investigations on (WIL- 
SON, HEILBRON, and SUrHERLAND), 
T., 2892; P., 295. 

Silicon alloys with aluminium 
(Roperts), T., 1383; P., 143. 

Silicon compounds, researclies on (MAR- 
TiN), T., 2836, 2860; P., 271, 272. 

Silicon chlorides, preparation of (MAr- 

TIN), T., 28386; P., 271. 
Disilicon hexachloride, action of ethyl 


of negative | 


alcohol on (MARTIN), T., 2860; | 


P., 272, 


Silicon organic compounds (ROBISON | 


and Kippine), T., 40; (Krppine and 
Rosison), T., 484; (Maps and 
Kippine), T., 679; P., 6. 

Siliconie acids, so-called (MrADs and 
Kirpine), T., 679; P., 6. 


Silver, equilibrium of, with silver 


sulphide (Bisserr), T., 1223; P., 82. 


| 


Sodium chloride, action of steam on 
(ENGLISH and TuRNER), P., 162. 
hypochlorite, photokinetics of solu- 
tions of (SPENCER), T., 2565; P., 
240. 
polysulphides (RuLE and Tuomas), 
Be Ma 
alkyl thiosulphates, action of hydro- 
gen peroxide on (Twiss), T., 36. 
Soils, destructive distillation of (HoLM- 
YARD), P., 109. 
action of acid solvents on the phos- 
phates of (Prescort), P., 137. 


Solanum angustifolium, constituents of 
(TuTIn and CLEwER), T., 559; P., 7. 

Solutions, aqueous, magnetic properties 
of (Gray and Birsg), T., 2707; P., 
211. 

Solvents, influence of, on rotation of 
optically active compounds (PATTER- 
son and Pottock), T., 2322; P., 234. 

Spectra, absorption, of acids and their 

salts, relation between (WRIGHT), 
T., 669; P., 39. 
of mercury compounds (CRYMBLE), 

T., 668; P., 36. 
nitrated §phenylhydrazones 

(HEWITT, JOHNSON, and PoPE), 

T.; 864; P.,'4 
aromatic organic compounds 

(Purvis), T., 1872; P., 141. 
of substances containing two benz- 

ene nuclei (Purvis), T., 590; P., 
23. 

Starch, action of hydrochloric acid on 
(DaisH), T., 2058, 2065; P., 225, 
226. 

granules, action of diastase on (BAKER 
and Huuron), T., 1529; P., 133. 

Steric hindrance, influence of, on acyla- 
tion (MELpoLA and Ho..zEty), T., 
410; P., 25. 

Stigmasterol, C;,H;,.0. 

Strontium nitrate, solubility of, and of 
its mixtures with potassium nitrate 
(FINDLAY, MorcGan, and Morris), 
Tt. (¢e3 Bs, 7& 


of 


of 


Succinic acid series, studies in the 
(MoRRELL), T., 1733, 2698 ; P., 175, 
257. 

Sugars, viscosity of 
(PowkELL), T., 1; 
158. 

alkylation of (HAworrnh), P., 293. 

reduction of cupric salts by (CRAMER), 
P., 293. 

Sulphur, action of, on amines (HopGson 
and Dix), T., 952; P., 82. 

Sulphuric acid, viscosity of (Dun- 

sTAN), P., 104. 
action of, on copper (CUNDALL and 
FAIRGRIEVR), T., 60. 

Sulphurous acid, absorption spectra 
of, and its salts (WricuT), T., 
2907 ; P., 264. 

Sulphuryl chloride, alkylation of 
phenols by means of (SmytH), P., 
14. 


solutions of 
(GREEN), P., 


Thionyl chloride, action of, on lactic 
acid and ethyl lactate (FRANKLAND 
and GARNER), T., 1101; P., 84. 
Sulphur organic compounds :— 
with mercuric nitrite (RAY), P., 140. 
with cupric, mercuric, and platinic 
chlorides (RAy), P., 304. 
oxidation of benzyl compounds of 
(SMYTHE), T., 546; P., 24. 
Sulphur, removal of, from silver (Bis- 
sErT), T., 2829; P., 269. 
Sulphuric and Sulphurous acids. See 
under Sulphur. 
Surface tension of mixtures (WORLEY), 
T., 260, 273. 


T. 


Tautomerism (PERKIN), T., 1176; P., 
101 ; (Lowry), P., 105. 
and colour (MELDOLA and HoLLELy), 
da, 970 3 F., 6S: 

Terpenes, chemistry of the (HENDERSON, 
HEILBRON, and How1g), T., 1367; 
P., 136; (HENDERSON and SuTHER- 
LAND), T., 1710; P., 203, 

Thermotropy, studies in (SENIER and 
CLARKE), T., 1917; P., 203; (SENIER 
and Forster), T., 2462; P., 227. 

Thionyl chloride. See under Sulphur. 

Thorium, relation of uranous salts to 
(FLEcK), T., 247 

Thujin, constitution of (PERKIN), T., 
1408 ; P., 150. 

sae team weight of (Briscok), P., 

Tin alloys with silver, 
(KnicuT), T., 639; P., 28. 

Toluenes, substituted, bromination and 

chlorination of (CoHEN and SMITH- 

ELLS), T., 1907 ; P., 224. 


ageing of 
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Trituration, reactions by (PARKER), T., 
1504; P., 187. 

Tungsten organic compounds, prepara- 
tion of (TURNER), P., 4. 


U. 
Uranous salts, relation of, te thorium 
(FLEck), T., 247. 
chloride, absorption 
(Merton), T., 23. 


of light by 


V. 

Vacua, high, production of, by means of 
finely divided copper (Merton), T., 
645; P., 55. 

Vanadium, atomic weight of (BriscoE 
and LitrLE), T., 1810; P., 64. 

Vanillin, C,H,0O3. 

Vapours, lateut heat of (APPLEBEY and 
CHaPMAN), T., 734; P., 27. 

Velocity of evolution of gases from super- 
saturated solutions (FINDLAY and 
Kina), T., 1297; P., 114. 

Velocity of ignition of mixtures of air 
and methane (PARKER and RHEAD), 
T., 2150; P., 220. 

Velocity of saponification of the acyl 
derivatives of phenols (McComBIE 
and ScARBOROUGH), T., 1304; P., 107. 

Viscosity, relation between chemical 

constitution and (DuNsTAN, THOLE, 
aud Brnson), T., 782. 

effect of ring-formation on (THOLE), 
T., 2004; P., 181. 

of binary mixtures of liquids containing 
formamide (MERky and TURNER), 
Tey $485 Bag OO 

Volumes, molecular, at the boiling point, 
calculation of (LE Bas), P., 86. 


WwW. 

Water, magnetic properties of, in com- 
bination and in solutions (GRAY and 
Bresk), T., 2707 ; P., 211. 

estimation of, in alcohol (JonEs and 
Lapworth), T., 1804; P., 202. 
Wax seals, medieval, composition of 
(Dopsre and Fox), T., 795; P., 67. 
Weights, molecular, influence of solvents 
on (TuRNER and Pottarp), T., 
1751; P., 79. 
of salts of the alkali metals (TURNER 
and Bissett), T., 1777; P., 110. 


x 


Xylenols, bromo- (CrossLEy and 
RenovuF), T., 165. 


Z. 
Zine, electro-deposition of (PRING and 
TaINTON), T., 710; P., 27. 
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FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstoff-Verbindwngen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, etce.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order), 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances. 


C, Group. 


CH, Methane, velocity of ignition in mixtures of air and (CowArD and Brins- 
LEY), T., 1859; P., 176; (PARKER and RuEAD), T., 2150; P., 220 ; (BURGESS 
and WHEELER), T., 2591; P., 245; (WHEELER), T., 2606; P., 246; inflamma- 
bility of mixtures of oxygen, nitrogen and (PARKER), T., 1002; P., 75; 
(BurcEss and WHEELER), T., 2596; P., 245. 

CO Carbon monoxide, liquid, ca;illary constants for (CROMMELIN), P., 248 ; 
ignition of, in air (CowARD and BrinsteEy), T., 1859; P., 176; estimation of 
(GRAHAM and WINMILL), T., 1996; P., 160. 

CO, Carbon dioxide, evolution of, from solutions of gelatin and starch (Finp- 
LAY and Kino), T., 1297; P., 114. 

1 II 

CHN Hydrocyanice acid, action of, on aldehydes and ketones (Jonzs), T., 1560 ; 
P., 118. 

CH.0, Formic acid, preparation of (Cuarraway), T., 151; mutual solubility of 
benzene and (Ewrns), T., 350; P., 3. 

CH.N, Cyanamide, polymerisation of (Morre.t and Burcen), T., 576. 

CH,O Methyl alcohol, thermal decomposition of (BonE and Davigs), T., 1691; 
P., 178; barium compound, unstable compounds of cholesterol and (NEWBERY), 
T., 380; P., 5. 

CO,N, Tetranitromethane, colour reactions of (HARPER and Macsern), P., 


263. 
1 Ill 


CHON Cyanic acid, ammonium salt, transformation of, into carbamide (Ross), 
T., 690; P., 56. 

CH;ON Formamide, viscosity of binary liquid mixtures containing (Merry and 
TurneER), T., 748; P., 60; viscosity of mixtures of alcoho!s and (ENGLISH and 
Tuk =R), T., 1656; P., 187. 

CH,ON, Carbamide, decomposition of (BURRows and Fawsirr), T., 609; trans- 
formation of ammonium cyanate into, in absolute alcohol (Ross), T., 690; P., 
56; condensation of chloral hydrate and (Coppin and TrrHERLEY), T., 32. 

CH,N.S Thiocarbamide, action of chloroacetic acid on, and on its alky] deriva- 
tives (RAy and Fernanpgs), T., 2159; P., 181. 
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1IV—8 Ill FORMULA INDEX. 


11V 


CH,O,.NS Ammonium methy! sulphate, isomeric transformation of, aud of 
its substituted derivatives (WERNER), T., 2762; P., 260. 


1V 


CH.0,€1IS Chloroiodomethanesulphonic acid, and its salts and their 
resolution (Pork and Reap), T., 811; P., 75. 


C, Group. 


C.H,0, Oxalic acid, interaction of glycerol and (CHaTraway), T., 151. 

C.H,O, Acetic acid, and its sodium salt, hydrogen potentials of mixtures of 
(WaLpoLr), T., 2501, 2521; P., 237, 238; equilibrium in the system: ethyl 
alcohol, ethyl acetate, water and (FLercHEeR and JonEs), T., 1542; P., 118. 

Paraformaldehyde, action of sulphuric acid on (DuN Lop), T., 1155; P., 108. 

C.H,O Ethyl alcohol, osmotic pressure of solutions of (Price), P., 269; equi- 
librium in the system: acetic acid, ethyl acetate, water and (FLETCHER and 
JONEs), T., 1542; P., 118; equilibrium of m-xylene, water and (HoLT and 
BELL), T., 633. 

2 Ill 

C.H;0.Cl Chloroacetic acid, action of, on carbamide and on its alkyl derivatives 
(RAy and FERNANDES), T., 2159; P., 181. 

C.H;0.Cl, Chloral hydrate, condensation of carbamide with (Coppin and 
TITHERLEY), T., 32. 

C.H,OS Thiolacetic acid, condensation of, with naphthasulphonium-quinone 
(GHosH and Sigs), T., 1400. 

C.H,0.N, Biuret, formation of (WreRNER), P., 262. 

C.H,ON, Methylisocarbamide, and its salts (WERNER), T., 923; P., 26. 


2 IV 
C.H;0,CIS di-Chlorosulphoacetie acid, d-hydroxyhydrindamine salt of (PorE 
and READ), T., 814. 


C, Group. 


C,;H,0, Malonic acid, condensation of furan-2:5-dialdlehyde with (CoopEr and 
NuTTALL), T., 2218 ; P., 227. 

C,H,O Allyl alcohol, preparation of (CHarraway), T., 151. 

C;H,O, Glyceric acid, action of phosphorus pentachloride on esters of (FRANK- 
LAND and TURNBULL), T., 456; P., 29. 

Methyl] acetate, hydrolysis of (LAMBLE and LEwis), T., 2330; P., 222. 

C,;H,O, Lactic acid, action of thiony! chloride on (FRANKLAND and GARNER), 
T., 1101; P., 84. 

C;H,0, Glycerol, interaction of oxalic acid and (CHATrAway), T., 151. 


3 Ill 
C,;H,0Cl, Chlorocyanohydrin, condensation of, with chloral and bromal 
hydrates (CROWTHER, McComBik, and Reap), T., 983; P., 57. 
C,H,ON, Cyanoacetamide, condensation of, with hydroxymethylene ketones 
(Sen-GuprA), P., 148. 
CsH,0.C1 l-Chloropropionic acid (FRANKLAND and GARNER), T., 1110; 
+, 85. 


C;H,O.N, Dioximinoacetonehydrazone (+ H,0) (Dey), T., 1045; P., 79. 

C,;H,ON, Methylglyoxalhydrazoxime (Dey), T., 1041; P., 79. 

C,H,O,P Glycerophosphoric acid, salts of (Kine and PyMman), T., 1238; 
P., 103. 
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. 


3 IV 
C;H,ON.Cl, Trichloroethylidenecarbamide (Coppin and TirHeRtey), T., 
35. 


C;H,0,SCl, Chlorosulphinyl-lactic chloride (FRANKLAND and GARNER), 
‘Ee, BETO P., SB. 

C;H;0.N.Cl, 8-Trichloro-a-hydroxyethylcarbamide (Corvin and TrrHER- 
LEY), T., 33. 

C,H,0O.N.S Formamidinethiolacetic acid, and its hydrochloride (RAy and 
FERNANDES), T., 2160; P., 181. 


C, Group. 

C,H,0O, Ethylglyoxal (Daxrn and Duptey), T., 2457; P., 108. 

C,H,O, Succinic acid, optical rotatory power of derivatives of (CLoucH), T., 49; 
P., 307. 

C,H,O, Tartaric acid, rotation of, an1 of its derivatives (CLoven), T., 51. 

C,H,O. Ethyl acetate, azeotropic mixtures of water and (Larrey), P., 83; 
(MERRIMANN), P., 73; equilibrium in the system: ethyl alcohol, acetic acid, 
water and (FLETCHER and Jongs), T., 1542; P., 118. 

C,H,Cl, ay-Dichlorobutane (FARGHER and PerKin), T., 1356. 

C,H,Br, ay-Dibromobutane, and its action on sodium derivatives of ethyl 
acetoacetate and benzoylacetate (FARGHER and PERKIN), T., 1350. 


C,H,,O0 Ethyl ether, equilibrium in the system: mercuric and potassium iodides, 
water and (DUNNINGHAM), T., 368, 724, 2623; P., 8, 58, 107. 


4 III 

C,H,0,Br Bromofumaric acid, benzylamine salt of (FRANKLAND), T., 2885. 

C,H,0,Br, Dibromosuccinic acids, action of benzylamine on (FRANKLAND), 
T., 2879; P., 260. 

C,H,;OCl, Substance from methyl glycecrate and phosphorus pentachloride 
(FRANKLAND and TURNBULL), T., 460. 

C,H,ON, as-Dimethyloxamonitrile (ArkKrNson), T., 1292. 

C,H,OCl, Methyl-a8-dichloropropionate (FRANKLAND and TuRNBULL), T., 
460. 


C,H-0,N; Semicarbazone of dioximinoacetone (Dry), T., 1046; P., 79. 

C,H,ON, Acetonesemicarbazone, and its hydrochloride (WiLson, HEILBRON, 
and SUTHERLAND), T., 2904. 

C,H,ON, Methylethylisocarbamide, salts of (Werner), T., 929. 


41V 
C,H,0.N,Cl, Trichloroethylidenedicarbamide, preparation of (Coprrn and 
TirHERLEY), T., 36. 
C,H,ON.S as-Dimethylthio-oxamide (ATKINson), T., 1292; P., 82. 
C,H,0.N.S Methylformamidinethiolacetic acid, hydrochloride of (RAY 
and FERNANDES), T., 2161; P., 181. 


Cc; Group. 
C;H,O, A-and Ag-Angelicalactones, preparation of (GrLMour), T., 74. 
C;H,O, Methyl tetritol (GiLmovr), T., 78. 
C;H,N, 4-Triazo-3:5-dimethylpyrazole (MorGAN and REILLY), T., 442. 
C;H,0, isoPropylglyoxal (Daxk1In and Dup.ey), T., 2458. 
Acetylacetone, absorption spectra of metallic derivatives of (MoRGAN and 
Moss), T., 189. 


C;H,N; 4-Amino-3:5-dimethylpyrazole, and its hydrochloride (MorGAN and 
REILLy), T., 438. 
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C;H,,0, Ethyl lactate, action of thionyl chloride on (FRANKLAND and Gar- 
NER), T., 1101; P., 84. 

C;H,,0, Methyl tetrose (GiLmour), T., 79. 

C;H,,.0; Methyltetronic acid, brucine salt (Gitmour), T., 80. 


5 Ill 
C;H,OC], Substances from ethyl glycerate and phosphorus pentachloride 
(FRANKLAND and TuRNBULL), T., 462. 
C;H,O.N Ethyl cyanoacetate, preparation of (ScarsonoveH), P., 306. 
Substance, from methylsucciny! chloride and ammonia (MorrELL), T., 1738. 
ee Cesium acetylacetone, preparation of (MorcaNn and Moss), T., 


6,H,0,L1 Lithiam acetylacetone (MorcGAn and Moss), T., 194. 


C;H,ON, 3:5-Dimethyl pyrazole-4-diazonium hydroxide, salts of (Mor- 
GAN and REILzy), T., 439. 


C;H,0.Cl, Ethyl «8-dichloropropionate (FRANKLAND and TuRNBULL), T. 
461. 


C;H,0.Cl Ethyl chloropropionates (FRANKLAND and GARNER), T., 1110; 
P., 85. 
5 IV 
C;H.O.NCI, 4:4-Dichloro-3:5-oxido-5-trich loromethyl-2-pyrrolidone 
(CrowrHErR, McCometg, and Reape), T., 943; P., 58. 
C;H,0;N.Cl, Di(8-trichloro-a-hydroxyethyl)carbamide, preparation of 
(Coppin and TiITHERLEY), ‘I’., 34. 


C;H,0,CIS Ethyl chiorosulphinyi-lactate (FRANKLAND and GARNER), T., 
1112; P., 85 
5 V 


C;H.O.NCI,Br, 4:4-Dichloro-3:5-oxido-5-tribromo meth y 1-2-pyrrolid- 
one (CROWTHER, McComsiz, and READE), T., 946. 


C, Group. 


C,H, Benzene, mutual solubility of formic acid and (Ewrns), T., 350; P., 3. 
6 II 


C.H,0, p-Benzoquinone, action of sulphurous acid and of alkali on (DopGson), 
, 2485; P., 239. 

C,H,0, Parent: 5-dialdehyde, condensations of, with malonic acid and its 
diethyl ester (CoopER and Nutra..), T., 2218; P., 227. 

C,H,O, Sarsapic acid (Power and Satway), T., 205. 

C,H,0, sec.-Butylglyoxal (Daxrn and Duptey), T., 2460; P., 108. 

C,H,N. p-Phenylenediamine, absorption spectra of (Purvis), T., 598. 

C,H,,0, Ethyl ee, sodium derivative of, action of ay-dibromobutane 
on (FARGHER and PERKIN), T., 1353. 


C,H,.0, d-Mannose, conversion a d-glucosamine into (IrvinE and Hynp), T 
698; P., 60. 

C;H,,0 Ethyl. n-propylearbinol, resolution of, and its salts (KENyon), T., 
2236. 


Methyl-tert.-butylcarbinol, resolution of (PIcKARD and Kenyon), T., 1115; 
P., 83. 
C,H,,0, Mannitol, formation of ethers from (InvinzE and Parerson), T., 915; 


C,H,,Ne Dimethylpiperazine, nitrite of (RAy), P., 145. 
trans-2:5- and cis-2:6-Dimethylpiperazines (Porg and Reap), T., 220. 
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6 Ill 
C,H;ONa Sodium phenoxide, relative activities of alkyl iodides with (SEGAL- 
LER), T., 106, 112. 


C,H;0;N, 3:5-Dinitro-p-aminophenol, action of acid anhydrides on (MELDOLA 
and HouuEty), T., 410; P., 25. 

C,H;Br.Bi Phenyldibromobismuthine (CHALLENGER), T., 2215; P., 229. 

C;H,NI p-Iodoaniline, preparation of (CHATTAWAY and ConsTABLE), T., 125. 

C,H,N.Cl, 2:4-Dichlorophenylhydrazine (CHAaTraAway and Pzarce), P., 
303. 


C,H,0,Cl, Chloropropionyl-lactic chloride (FRANKLAND and GaRNxrr), 
T., 1111; P., 86. 

C,H,0O,N d-Dimethoxysuccinimide (Youna), T., 1234; P., 114. 

C,H,0,C1 Chloropropionyl-lactic acid (FRANKLAND and Garner), T., 
1112: P., 85. 

C,H,,0.N, Methylglyoxaloximazine (Dry), T., 1042; P., 79. 

C,H,0,)P. Phytic acid, and its salts (CLArKE), T., 535; P., 82. 

C,H,,0;N d-Dimethoxysuccinamic acid (Younes), T., 1233; P., 114. 

C;H,.0.N. cis- and trans-Dimethylsuccinamides (MoRRELL and GROENE- 
wovD), T., 2706. 

C,H,,0N, Nitrosodimethylpiperazine (RAy), P., 144. 

C;H,,0;N d-Glucosamine, conversion of, into d-mannose (InvingE and Hynp), 
T., 698; P., 60. 

C,H,,0,N, d-Dimethoxysuccinohydrazide (Young), T., 1234. 


6 IV 


C,;H,O.NCl,; Methyl derivative of  4:4-dichloro-3:5-oxido-5-trichloro- 
methyl-2-pyrrolidone (CrowrHer, McUomaigz, and Reapg), T., 9438; 
P., 58. 

C,H;0.C1Se »-Chlorophenylselenious acid (MorcGan and Etuwiort), P., 
249. 


C,H;0,NSe Nitrophenylselenious acid (Pymay), P., 302. 

C,H,O;NSe Aminophenylselenic acid (PymAn), P., 302. 

CsH,,0,.N.S Allylformamidinethiolacetic acid, hydrochloride of (RAy 
anil FERNANDES), T., 2161; P., 181. 


C,H,,ON.S as-Diethylthio-oxamide (Arkrnson), T., 1292; P., 82. 
C;H,;0,C1,Si, Trichlorotriethoxysilico-ethane (MARTIN), T., 2868. 


6V 


C,H,O;NIS Iodoanilinesulphonic acids, molecular conductivities of (Boyz), 
P., 161. 


C, Group. 


C,H, Toluene, bromination of (ConEN and Dutt), T., 501; P., 15, 271. 


7 Il 
C,H,O Benzaldehyde, absorption spectra of (Puxvis), T., 2482; P., 240. 
C,H,O, Benzoic acid, rotation of esters of (KENYON and Pickarp), P., 307. 


Salicylaldehyde, and m- and p-Hydroxybenzaldehydes, absorption 
spectra of (Purvis), T., 2489; P., 240. 


C,H,Cl, Benzylidene chloride, absorption spectra of (Purvis), T., 2497; P., 
240. 


C,H,S. Dithiobenzoiec acid (Wuirr), P., 37. 
C,H,O, cis- and trans-cycloButane-1:2:3-tricarboxylic acids (GoLDSworTHY 
and PERKIN), T., 2670; P., 261. 
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C.H,N Benzylamine, action of, on dibromosuccinic acids (FRANKLAND), T., 
2879; P., 260. 

C,H,,O 1-Methyl-A?-cyclohexen-3-one, preparation of (FARGHER and PERKIN), 
T., 1362. 

C,H,.0, trans-cyclo Pentane-1:2-dicarboxylic acid, resolution of, and brucine 
salt of the d-acid (GoLDSWORTHY and PERKIN), T., 2641; P., 261. 

C,H,,0, Butane-afd-tricarboxylic acid, preparation of (HAworTH and Kine), 
T., 1 


C,H,N, Phenylmethylhydrazine, hydroferrocyanide of (S1incn), T., 1979. 

C,H,,0 " etitaeaatat iets nannies (FARGHER and Pgrxkry), T., 
1359. 

C,H,.0, Heptane-8¢-dione, preparation of (FARGHER and PERKIN), T., 1361. 

CHO, ¢8-Dimethoxyvalerolactone (GiLmouR), T., 80. 

Diethyl malonate, preparation of (ScArBoRoUGH), P., 306; condensation of 

furan-2:5-dialdehyde with (Cooper and Nutratt), T., 2218 ; P., 227. 

C:H,,02 2:6-Dimeth yl-2:3:5:6-te trahydro-1:4-pyran (FARGHER and PERKIN), 
'., 1360. 


Heptan-(-ol-8-one (FARGHER and PerKIn), T., 1359. 
C;H,,0; y-Hydroxy-a8-dimethoxyvaleric acid, sodium salt (GILMouR), 
T., 80. 


C,H,,O, Methyl a- and 8-glucoses (Irvine and Hoes), T., 1386; P., 145. 
Methylmannoside (IRviNE and Hynp), T., 710. 
C-H,,Br, &¢-Dibromoheptane (Farcuer and Perkin), T., 1360, 
C,H,,0 Ethyl-n-butylearbinol, resolution of, and its salts (Kenyon), T., 
2238. 


C,H,,0, Heptane-8¢(-diol (Farcuer and Perkry), T., 1360. 
C,H,,0, Methyl] gluconolactone (Irving and Hogs), T., 1895; P., 146. 


7 Ill 


C,H,0,Br, Tribromobenzoic acids (Conen and Dutt), T., 511. 
C,H,N.Cl, 3:5:7-Trichloroindazole (Kenner and Curtis), T., 2737; P., 174. 
C,H,O;N, 5:7-Dinitro-3-keto-1:3-dihydroindazole, and its salts (KENNER 
and Curtis), T., 2732; P., 174. 
Ca ee Benzoyl chloride, absorption spectra of (Purvis), T., 2494; P., 
40. 


o-, m-, and p-Chlorobenzaldehydes, absurption spectra of (Purvis), T., 

2483 ; P., 240. 

C.H,OBr, 4:6-Dibromo-m-cresol (Gipps and Rosertson), T., 1888. 

C.H,O;N, Dinitro-m-cresols (Gipss and Ropertson), T., 1889. 

C,H,CIBr Chlorobromotoluenes (Conen and SmirHELts), T., 1912. 

C,H,ON Benzaldoxime, absorption spectra of (Purvis), T., 2496; P., 240. 

C,H,O.N Hydroxybenzaldoximes (Brapy and Dunn), T., 825; P., 65. 

C,H,0;N, 2.6-Dinitro-4-methylaminophenol (methylisopicramic acid) 
(MELDOLA and Ho.LuE.y), T., 2077. 

‘. -  i———reilaamantnas ydroindazole (KENNER and CurTIS), 


C,H,0.N, 3-Nitro-o-toluidine, preparation of (HADFIELD and KEnneR), P., 
253. 


4-Nitro-m-toluidine, preparation of (MorcAN and Scnarrr), T., 120. 
C,H,0,N, 2-Nitro-4-methylaminophenol (Merpota and Houety), T., 
2077. 


C-H,0,8, Benzylthiosulphuric acid, sodium salt, reaction of iodine 
With (PRIcE and JAQuEs), T., 1140; P., 117. 
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C,H,,0Cl; Substance from isobutyl glycerate and phosphorus pentachloride 
(FRANKLAND and TuRNBULL), T., 462. q 

C,H,,0,N, Diacety] derivative of methylglyoxalhydrazoxime (Dey), 
T., 1041 ; P., 79. 

C,H,,0,N d-Dimethoxysuccinomethylimide (Youne), T., 1234. 

C,H,,0,Cl, isoButyl aB-dichloropropionate (FrRaNKLAND and Turn- 
BULL), T., 462. 

C,H,,0Br ¢-Bromoheptan-f-one (FARGHER and Perkin), T., 1358, 

C,H,,ON, Piperidyliminomethyl methyl ether, and its salts(Wzr- 
NER), T., 981. 

C,H,,ON Dipropylformamide (Arkrnson), T., 1294; P., 82. 


71V 

C.H,0,N.Br, Tribromodinitrotoluenes (ConEN and Durr), T., 512. 
C,H;0,N,Cl 3-Chloro-5:7-dinitroindazole (KENNER and Curtis), T., 2736. 
C,H,O.NBr, Tribromonitrotoluenes (CoHEN and Dutt), T., 511. 
C,H,O,NCl, 6-Keto-2:4:7-tri-(trichloromethy))-1:3:5-dioxazseptan, pre- 

paration of (CRowTHER, McComBIE and Reape), T., 938. 
C,H,NCISe p-Chlorophenylselenocyanate (MorGaNn and Extiort), P., 248. 
C.H,0;N.Br Bromodinitro-m-cresols (Ginzs and RosErtson), T., 1891. 
C,H,O,NCl 6-Chloro-4-nitro-m-cresol (Gisss and RospEerrson), T., 1890. 
C-H,O,NBr Bromonitro-m-cresols (Gipes and RosEertson), T., 1890. 
C;H,ON.I p-lodophenylcarbamide (CHarraway and ConsTaBie), T., 131. 
C,H,.ON.S Piperidylthioglyoxylamide (Arxkrnson), T., 1292; P., 82. 
C;H,,ONC1l Dipropylcarbamy] chloride (ArKinson), T., 1293; P., 82. 


7V 


C;H,O,NCI,Br, 6-Keto-7-trichloromethy|-2:4-di-(tribromomethy])-1:3:5- 
dioxazseptan (CROWTHER, McComBIE, and Reape), T., 944. 


C, Group. 


C,H, m-Xylene, equilibrium of ethyl alcohol, water, and (Hott and Be xt), T., 
633. 


8 Il 
C,H,0 fer m-, and p-Tolualdehydes, absorption spectra of (Pukvis), T., 2488 ; 
., 240. 
C,H,0. Be m-, and p-Phthaldehydes, absorption spectra of (Purvis), T., 2492 ; 
+» 240. 
C.H,O, Vanillin, absorption spectra of (Purvis), T., 2495 ; P., 240; derivatives 
of (PERKIN and Rostnson), T., 2376; P., 234. 
C,H,O, Methyl sarsapate (PowEr and Satway), T., 206. 
C.H,,.0; Anhydride of 1-methyleyclopentane-2:3-dicarboxylic acid 
(FARGHER and PERKIN), T., 1366. 
C,H,,0, cis- and trans-cycloP entane-1:2:4-tricarboxylie acids (GOLDSworTHY 
and PERKIN), T., 2671; P., 261. 
C,H\,N Benzylmethylamine, nitrite of (RAy), P., 144. 
C,H,.0, Dimethyldihydroresorcin, preparation of bromoxylenols from 
(CrossLEy and Renovur), T., 165. 
C.H,,0, 2:6-Dimethyl-2:3-dihydro-l:4-pyran-5-carboxylic acid, and its 
silver salt (FARGHER and PERKIN), T., 1358. 
C,H,.0, 1-Methylcyclopentane-2:3-dicarboxylic acid, and its caicium salt 
(FARGHER and PERKIN), T., 1366. 
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C.H,.0, d-Diethoxysuccinic anhydride (Youne), T., 1236. 

C.H,,0, Lactone of dimethylmannonic acid (IRVINE and Parersoy), T., 
910; P., 69. 

C,H,,O 83-Dimethylhexan-y-one (Parry), P., 298. 

C,H,,0, Ethylglyoxalacetal (Dakin and Duptey), T., 2457; P., 108. 

C,H,,0, Dimethylmannonie acid (Irving and Parerson), T., 910; P., 69. 

C,H,,0, Dimethylmannitol (Irviyz and Paterson), T., 909; P., 68. 

C.H,,N. cis-1:2:4:6-Tetramethylpiperazine, and its resolution and salts (PoPE 
and Reap), T., 224. 

8 Ill 

C.H,0,I 3- and 4-Iodophthalic acids, preparation of (Kenner and 
MatTuews), T., 2477. 

CoH.O.N 3-Nitrophthalic acid, preparation of (KENNER and MATHEWws), T., 
2477. 


C,H,ON Mandelonitrile, absorption spectra of (Purvis), T., 2497; P., 240. 

C,H,0.Cl 7-Phenyichloroacetic acid, conversion of, into d-diphenylsuccinic 
acid (McKENzI1E, Drew, and Martin), P., 304. 

C,H,O.Bre Homopiperoryl bromide (G. M. and R. Rostnson), T., 1463. 

C,H,O.Br, Glycol 2:4:6-tribromophenyl ether (Boyp and Marte), T., 
2136. 


C;H,0,Cl, Glycol 2:4:6-trichlorophenyl ether (Boyp and Martz), T., 
2136. 


C.,H,O,N 3-Aminophthalic acid, preparation of (KENNER and MArHEws), 

., 24 

C.;H,O,N 4-Nitro-3-hydroxy-2-methoxybenzoic acid, and its silver salt 
(Carn, SIMONSEN, and SmirnH), T., 1341. 

C.H,0O,N,; 3:5-Dinitro-O-acetyl-p-aminophenol (MELpoLA and HOo.LLE zy), 
T., 412; P., 25. 

C,H,O,N, 5:6-Dinitro-3-hydroxy-o-tolyl methyl ether (Cain and Srmon- 
SEN), T., 160. 


C,H,ON, Benzaldehydesemicarbazone, and its hydrochloride (WrLson, 
HEILBRON, and SUTHERLAND), T., 2905. 


Phenylglyoxalhydrazoxime (Dey), T., 1043 ; P., 79. 


C,H,O.N m-Methoxybenzaldoxime, isomeric forms of (Brapy and Dunn), 
T., 2409; P., 240. 


C.,H,O;N Vanillinoxime, isomeric forms of (Brapy and Dunn), T., 2409; 
P., 240. 


C,H,O.N Glycol nitrophenyl ethers (Boyp and Martyn), T., 2138. 

C,H,,.ON, Phenylmethylisocarbamide, and its salts (WERNER), T., 930. 

C,H,,0,Cl Ethyl dimethylsuccinyl chloride (HAworrnH and Krne), 
T., 1349. 


C,H,,ON, as-Dipropyloxamonitrile (Arkinson), T., 1291; P., 82. 
Phenyldimethylazonium hydroxide, salts of (Stncu), T., 1986. 

C,H,,0,N Dipropyloxamic acid (ArKinsoy), T., 1293; P., 82. 

C,H,,0.N, «s-Dipropyloxamide (ArKrNson), T., 1291; P., 82. 

CoHyON, Methyldipropylisocarbamide, platinichloride of (W2EkNER), 


C,H;,0,N, d@-Diethoxysuccinohydrazide (Younes), T., 1287. 


8 IV 
C,H,O;NBr Bromonitrohydroxy-p-toluic acids (Gress and RosEertson), 
T., 1891. 


C,H,ON] p-lodoacetanilide, preparation of (CHaTrAWAY and ConsTaBLE), 


., 125. 
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C,H,O.NI Methyl p-iodophenylearbamate (CHarraway and ConsTABLe), 
T., 129 


C,H,O,NSe Acetylaminophenylselenious acid (PymAn), P., 302. 
C,H,,0,NC1 Dipropyloxamylchloride (Arkinson), T., 1293; P., 82. 
C,H,,ON.S as-Dipropylthio-oxamide (Arkinson), T., 1292; P., 82. 


C, Group. 


CoH.O, isoCoumarin, derivatives of (BAIN, PERKIN, and Roprnson) ; T., 2392 ; 

wy 204, 

C,H,O Cinnamaldehyde, absorption spectra of (Purvis), T., 2494; P., 240. 

C,H,.O Ethyl benzoate, saponification of derivatives of (McComBre and 
ScarBorovucH), P., 294. 

C,H,.0, o-Veratric acid (Perkin, Ropinson, and Roserts), T., 2383. 

C,H,,0, cycloPentane-1:2:2:4-tetracarboxylic acid (GoLpsworTHy and 
PERKIN), T., 2672. 

as ; 8 ee aii preparation of, and its salts (KENNER and MaTuEws), 
fop C40 Ss Ess, Se 

C,H,.0 Methylbenzylearbinol, rotation of esters of (KENYON and PICKARD), 
T., 2262; P., 232; resolution of, and its salts (PickARD and KENyon), 
T., 1115; P., 83. 

C,H,,0, 2:3-Dimethoxytoluene (Carn an Simonsen), T., 159. 

Glycol p-tolyl ether (Boyp and Marte), T., 2134. 

CoH,05 o-Homoveratryl alcohol (Perkin, Rosinson, and Roserts), T., 

C,H,,0, cis- and trans-cycloH exane-1:2:4-tricarboxylic acids (GOLDSWORTHY 
and Perkin), T., 2673; P., 261. 

ieee. 6 Racha lquehesenetenqtenitriles (HAwortH and Fyrs), T., 
66 

CoH, 0. Ethyl] glutaconate, condensation of (Curtis and Kenner), T., 282; 


C,H,,N. Diaminomesitylene, diazotisation of (MorGan and REILLY), P., 74. 
C,H,,0 /-isoPropy leyclohexan-3-one (CrossLey and Prarr), P., 55. 

C,H,,0 /-isoPropyl] cyclohexan-3-ol (CRossLEY and Prarr), P., 56. 

C,H,,0; isoPropylglyoxalacetal (Dakin and DupiEy), T., 2458. 

C,.H,,0, Mannitolacetone (IRviINE and Parerson), T., 908; P., 69. 

C,H»O y-Nonanol, resolution of, and preparation of its esters (KENyoN), T., 

2239; P., 232. 
CoHyN. cis-1:2:4:4:6-Pentamethylpiperazine, salts of (Pope and Reap), T., 
7. 


9 III 

C,H;,O,N Anhydride of 3-nitro-4-methoxyplthalic acid (Cain and 
Simonsen), T., 163. 

C,H,O;,N, 6-Nitro-3:4-methylenedioxymandelonitrile (G. M. and R. 
Rostnson), T., 1466. ‘ 

C.H,O.N, Acetyl derivative of 5:7-dinitro-3-keto-1:3-dihydroindazole 
(KenNER and Curtis), T., 2732; P., 174. 

C,H,ON isoCarb ostyril (Bain, Perkin, and Roprnson), T., 2397 ; P., 234. 

CoHLON 6-Nitropiperonylacetic acid (FouLps aud Roprssoy), T., 1965; 

+» 221, 

C,H,0,N 3- and 5-Nitro-4-methoxyphthalic acids, and salts cf the former 

(CAIN and Simonsen), T.. 162. 
6-Nitro-3:4-methylenedioxymandelic acid (G. M. and R. Rosrnsoy), T., 


1466, 
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C,H,O.N Glycol cyanopheny!] ethers (Boyp and Marts), T., 2137. 
C,H,O.Br,; Propylene glycol 2:4:6-tribromophenyl ethers (Boyp and 
MARLE), T., 2136. 
C,H,O,N Acetylsalicylaldoxime and p-acetoxybenzsynaldoxime 
(Brapy and Dunn), T., 825. 
C,H,O,Cl 4:5-Dihydroxy-o-tolyl chloromethyl ketone (SrepnEN and 
WeizMAnn), T., 1050; P., 71. 
C,H,O;N Nitromethoxy-o-toluic acid (Carn and StmonsEy), T., 163. 
6-Nitro-o-veratraldehyde (PERKIN, Ropinson, and Rosperts), T., 2389; P., 
234. 
C,H,O,N 4-Nitro-2:3-dimethoxybenzoic acid, and its silver salt (Cary, 
SIMONSEN, and SmitH), T., 1340. 
5-Nitro-2:3-dimethoxybenzoic acid (CAIN and SrmonsEn), T., 159. 
te tenants acid (PERKIN, Ropinson, and CARDWELL), 
., 2390. 
Acid (+ H,0), from oxidation of nitrosantalin dimethyl ether (CAIN, SIMONSEN, 
and SmirH), T., 1341. . 
ae 2 5-Dinitro-0-propionyl-p-aminophenol (MELDoLA and HouLeEty), 
“> Je 
Acetyl derivative of 2:6-dinitro-4-methylaminophenol (MeLpoLa and 
HouiELeEy), T., 2077. 
— a- and B-Trimethyl cobalticyanides (HARTLEY), T., 521; P., 


C,H,,0.N, Semicarbazone of oximinoacetophenone (+ H,0) (Dey), T., 
1044; P., 79. 

C,H,,0,N. Acetyl derivative of 2-nitro-4-methylaminophenol (MELDOLA 
and HoLiEty), T., 2077. 

C,H,,O,N. 5:6-Dinitro-2:3-dimethoxytoluene (CAIN and Srmonsen), T., 
161. 


CH O.N Hydroxyphenylpropionamides (McKenzigz, Martin, and RULE), 
T., 1588. 


r- and l-a-Methoxyphenylacetamides (McKenziz, Martin, and Rutz), T., 
1587. 
C,H,,0,N 5-Nitro-4-methoxy-o-xylene (Cain and StmonseEn), T., 163. 
dl-Tyrosine, synthesis of (SrepHEN and WetzMAnn), T., 1152; P., 
114. 
Veratraldoxime, isomeric forms of, and its hydrochloride (Brapy and 
Duny), T., 2409; P., 240. 
C,H,,0,N; 2-Nitro-6-triazo-4-trimethylammonium-l-benzoquinone 
(MeLpoua and Ho.uety), T., 1477. 
C,H,,O,N 3:4-Dihydroxy-di-phenylalanine, and its salts (STEPHEN and 
WEIZMANN), T., 1152; P., 114. 
5- and 6-Nitro-2:3-dimethoxytoluenes (CAIN and Simonsen), T., 159. 
Propylene glycol p-nitrophenyl ethers (Boyp and Marte), T., 2138. 
C,H},0;N; 2:6-Dinitro-4-methylethylaminophenol (methylethylisopicramic 
acid) (MELDOLA and HouuEty), T., 2079. 

C,H,.ON, p-Dimethylaminobenzaldoximes, isomerism of (Brapy and 
Duny), T., 2872; P., 292. 

CrH20.Ns 2-Nitro-5:6-dimethoxy-m-toluidine (Catx and Simonsen), T., 


C,H,,ON d-1-Methyl-a? r® cyclohexene-3-acetamides (HawortH and FyFF®), 
T., 1665, 
C,H,;N,I Benzyldimethylazonium iodide (Sincu), T., 1977; P., 186. 

CoH ON, Disemicarbazone of heptane-A¢-dione (FaArGHER and PERKIN), 
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9 IV 
C,H,O,NCl, 6-Keto-5-acety1l-2:4:7-tri-(trichlorometh yl)-1:3:5-dioxaz- 
septan (CRowTHER, McComsir, and Reapr), T., 940. 
C,H,,ONI p-lodopropioanilide (CHAarraway and Constanze), T., 126. 
CoH,,O.NT Ethyl p-iodophenylcarbamate (CHATTAWAY and ConsTABLE), 
T:, 129. 


C,H,,0N,Cl 2:6-Bistriazo-4-trimethylammonium-l-benzoquinone 
chloride (MELDOLA and Ho.iEty), T., 1479. 


9V 
C,H,O,NCI,Br, 6-Keto-5-acetyl-7-trichloromethyl-2:4-di-(tribromo- 
methyl)-1:3:5-dioxazseptan (Crowrner, McComsrg, and Reape), T. 
945. 


C,, Group. 


C,.Higs Camphene, constitution of (HAworrtH and Kino), T., 1342; P., 143. 
1-Dimethylvinyl-A' cyclohexene (HAwortH, Fyrr, and MacKay), T., 1670. 


10 II 
C,,H,O, 1:2-Diketo-5:6-methylenedioxyhydrindene (PERKIN, RoBERTSs, 
and Rosrnson), T., 2408; P., 235. 


C,,H-Br «a-Bromonaphthalene, physical properties of (Jones and Lapworrn), 
T., 1804; P., 202. 
C,,H,O0 «-Naphthol, condensation of phenols with (Sen-Gupra), T., 399. 
B-Naphthol, action of nitric acid on sulphides of (HurcH1son and SMILEs), 
T., 1744; P., 213. 
C,,H,0, Piperonylallylene (Fovips and Rostnson), T., 1971. 
C,,H,0, a-Hydroxy-8-phenylcrotonolactone (Hat, Hynes, and Lap- 
worth), P., 305. 
C,,H,,0 2-Aldehydohydrindene (Kenner), T., 2694. 
CyoH,0, Phenylethylglyoxal (Dakin and Duprey), T., 2461; P., 108. 
C,oH,0; Furan-2-propionic-5-acrylic acid (Cooper and Nvurratt), T., 
2295, 
C,.H,,Br 2-Bromo-2-methylhydrindene (Kenner), T., 2694; P., 244. 
C,H,.0 Cuminaldehyde, absorption spectra of (Purvis), T., 2493; P., 240. 
2-Hydroxymethylhydrindene (Kenner), T., 2693; P., 244. 
C,.H,.0; Furan-2:5-dipropionic acid (Cooper and Nurratt), T., 2225; P., 
228. 


C,H,;N 2-Hydrindylmethylamine, and its salts (KENNER), T., 2696. 

C,H,,0 Methylphenylethylcarbinol, resolution of, and its salts (PICKARD 
and Kenyon), T., 1115; P., 83. 

C,oH,,0, Glycol p-xylyl ether (Boyp and Marte), T., 2134. 

CioH,,0, cis- and trans-cycloHeptane-1:2:4-tricarboxylic acids (GoLps- 
WORTHY and PERKIN), T., 2675; P., 261. 

C,.H,,0 d-, /- and dl-Epicamphor (Furness and Prerkrn), T., 2024. 

CyH,0,; Ethy1-2:6-dimethyl-2:3-dihydro-1:4-pyran-5-carboxylate 
(FARGHER and Perkin), T., 1357. 

C,oH,.Br, 2:3-Dibromonaphthalene (Wynnez), P., 204. 

C,oH,,0 Borneol, rotation and refractivity of (Pracock), T., 2782; P., 264. 
Borneols and menthones, rotation of (KENYON and PIcKARD),. P., 2738. 
1-isoButanol-Al-cyclohexene (HAwortH, Fyre, and Mackay), T., 1670. 

Cuiyhhy Substance from reduction of ethyl cyclohexanediacetate (KENNER), 
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CyH,,0, Ethyl y-diethoxyacetoacetate (Dakin and Dup ey), T., 2455. 

CyoH,.0, Methyl d-dicthoxysuccinate (Youne), T., 1235; P., 114. 
Tetramethylmannonolactone (Invine and Paterson), T., 915; P., 69. 

C,oH,yN; Aminocamphorhydrazone (Forster and Kunz), T., 1727. 

CyH_»O e-Dimethyloctan-5-one (PARRY), P., 298. 

CyoHo 0. is0- and sec.-Butylglyoxalacetals (DAKIN and Dup.ry), T.; 2459; 

C,.H.0, Tetramethylmannitol (Irvine and Paterson), T., 912; P., 69. 

CyoHoNo cis-1:1:2:4:4:6-Hexamethylpiperazine, salts of (Pope and Reap), 


10 Ill 


C,.H,0,N isoCarbostyrilearboxylic acid (Bain, PERKIN, and Rosrnsoy), 
T., 2397; P., 234. 

CyH,0,C1 3-Chlorodihydroxy-4-methylcoumarins (Dey), P., 38 

C,,H,0.S 1:2-Dihydroxy-4-thiolnaphthalene (GHosH and Sigs), T., 1398. 

C,H,NBr 3-Bromo-2-naphthylamine (Wynnp), P., 204. 

C,.H,O.Br Bromoisosafrole (FouLps and Rosrnson), T., 1971. 

C,oH,O.N 5:6-Methylenedioxy-2-methylindole (Fou.ps and Rosrnson), T., 


C,H,O,N 5-Nitrohydrindene-2-carboxylic acid, and its resolution (MILLS, 
PARKER, and Prowse), T., 1537; P., 161. 
6-Nitrosafrole (FouLps and Rosprnson), T., 1965; P., 221. 
C,,H,O,I Dimethyl 3- and 4-iodophthalates (KgNNER and MatuHews), T., 
2477 ; P., 242. 
CyH,O;N o0-Nitro-p-toluoylacetic acid (Durr), T., 2185; P., 230. 
C,,H,O,N Methyl 6-nitro-3:4-methylenedioxymandelate (G. M. and R. 
Rosrnson), T., 1467. 
CioH, ON, Bepzylidene derivative of methylglyoxalhydrazoxime (Dey), 
79 
,.H,,0,8 6-Aminosafrole (FouLps and Rosinson), T., 1966; P., 221. 
Propyleneglycol p-cyanophenyl ethers (Boyp and Marte), T., 2138. 
Cio, O,Ns = derivative of methylglyoxalhydrazoxime (Dey), T., 
9 
OH ON La m-methoxybenzantialdoxime (Brapy and Dunn), T., 
24 
OH. Oi Acetylvanillinoxime (BraApy and Dunn), T., 2415; P., 240. 
oHn05N Ethyl 2-nitro-3-methoxybenzoate (CAIN and Simonsen), T., 


C,H..0N, Hydrazide of hydrindene-2-carboxylic acid (KENNER and 
MATHEWws), T., 746. 

CioHi20.N, Phenylearbamylhydrazone of oximinoacetone (Dery), T 

5 > “9 . 

C,,H,,0N; Acetonephenylsemicarbazone, and its hydrochloride (WILsoN, 

HEILBRON, and SUTHERLAND), T., 2904. 
Cinnamaldehydesemicarbazone, and its hydrochlorides and sulphate 

(Witson, HEILBRON, and SUTHERLAND), T., 2898. 

C,,H,,0.N 7- and 7-Mandeloethylamides (McKenziz, Martin, and Rug), 


1-Methyl-A*- and -A*-cycloh exene-3-cyanoacetic acids (HawortH and 
Fyre), T., 1664. 
C,oH,,;0,N -Amino- : 4-dimethoxyacetophenone, and its salts (STEPHEN 
and WEIZMANN), T., 1052; P., 72. 
Veratraldoxime-0- methyl other (Brapy and Dunn), T., 2417. 
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C,,H,,ON, O-Methyl ether of p-dimethylaminobenzantialdoxime, and 
its hydrochloride (BraDy and Duny), T., 2876. 

C,oH,,0;N, Substance and its salts, from ethyl 2:6-dicarbethoxy-A®5-cyclo- 
hexadien-5-ol-l-acetate (CurTIS and KENNER), T., 289. 

C,.H,,0,Ba Barium acetylacetone (MorGAN and Moss), T., 195. 

C,oH,,0,Ca Calcium acetylacetone (MorGan and Moss), T., 195. 

C,,H,,0,Cd Cadmium acetylacetone (MorcGANn and Moss), T., 196. 

C,oH,,0,Zn Zine acetylacetone (MorGAN and Moss), T., 195. 

C,oH,;0C1 «’-Chlorocampher (Lowry and STEExz), P., 201. 

Chloro-ketone from camphene chlorohydrin (HENDERSON, HEILBRON, and 

Howie), T., 1371; P., 137. 

C,oH,,0;N. Ethyl glycylmethylenemalonamide (Levy), T., 29. 

C,,H,,0C1 Camphene chlorohydrin (HENDERSON, HEILBRON, and Howreg), T 
1368; P., 136. 

Croll ON, Camphorquinonehydrazoximes (Forster and Kunz), T., 1722; 

198. 


C,oH,,0.Cl, Heptyl aB-dichloropropionaie (FRANKLAND and TURNBULL), 
T., 463. 


Ci,.H,,0-S Ethyl thionyl-lactate (FRANKLAND and Garner), T., 1113; 
P., 85. 
C,,H,,0,N Ethyl dipropyloxamate (ArKiNson), T., 1291; P., 81. 


10 IV 
C,,H,0;NCl, 6-Keto-5-ethylcarbonato-2:4:7-tri-(trichloromethy])-1:3:5- 
dioxazseptan (CROWTHER, McComBig, and-REApr), T., 939. 
C,oH,OsNI Ethyl p-iodo-oxanilate (Carraway and ConsTaBLz), T., 129. 
C,,H,;0,NS p-Toluenesulphonylalanine, resolution of (Gipson), P., 32. 
C,.H,;0,BrS d-Camphor-f-sulphoniec acid (+ 3H,0), and its salts and their 
rotatory power (PoPE and READ), T., 800; P., 74. 
CoH, ONC! N-Ch!oroaminocamphor (Forster and ScHLAEPFER), T., 2771; 
?,, 260. 


C,, Group. 


C,,H,, d-1-Methy1-3-dimethylviny]-A*- and -A*-cyclohexenes (HAWoRTH and 
FyFe), T., 1668. 


11 II 
,,H,.0O, Naphthoic acids, rotation of esters of (KENYON and PicKarp), P., 
307. 


C,,H.0; 8-Methoxycoumarin-3-carboxylic acid (Perkin, Rosrnson, and 
CuHov), T., 2381; P., 234. 

C,,H,)0, 1:2-Diketo-5:6-dimethoxyhydrindene (PERKIN, RosBerts, and 
Rosrnson), T., 2405; P., 235. 

C,,H,.0 2:4:5-Trimethyleoumarone (Dey), P., 38. 

C,,H,,.0, 4:5-Dimethoxy-l-hydrindone (Perkin, Roprnson, and Ropers), 
T., 2388. 

Ethyl benzoylacetate, sodium derivative, action of ay-dibromobutane on 

(FARGHER and PERKIN), T., 1353. 

C,,H,.0, 2:3-Dimethoxycinnamic acid (PERKIN, Ropinson, and RoBerts), 


—— 


C,,H,,0, wo’-Dihydroxy-2:2-dimethylhydrindene (Kenner), T., 2693; P., 
244, 


C,,H,,0, 2:3-Dimethoxy-8-phenylpropionic acid (Perkin, Roprnson, and 
Roserts), T., 2387. 
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C,,H,,0. Bornylene-3-carboxylic acid (FuRNEss and Perkin), T., 2025. 
Glycol y-cumy! ether (Boyp and Mar1®), T., 2134. 

Crt. weet n- and iso-camphenilanates (HEnpEnson and SUTHERLAND), 
‘Men SELES Fog, B00e 

C,,H,,0, 4- and Z- Ethyl transcyclopentane-1:2-dicarboxy lates (GoLDSWORTHY 
and PERKIN), “T., 2642; P., 262. 

C,,H.O d-1- Methyl- 8-isobutanol-A?- and -A*-cylohexenes (HAworru and 
Fyre), T., 1667. 

CuHl,0, thy! y-diethoxy-a-methylacetoacetate (Dakin and DuDLEy), 

, 2456; 108. 


CBOs Glucoxylose, and its hydrolysis and inversion (PowER and SaLway), 
, 1065; P., 109. 
C,,H».0, Pentaethyl mannonic acid (Irving and Paterson), T., 923; P., 


69. 
C,,H.,0, Pentamethyl mannitols (IRvINE and Paterson), T., 920; P., 69. 


11 III 


C,,H,O.Br 3-Bromo-8-naphthoic acid (WyNnneB), P., 204. 
C,,H,0,N a-Cyano-8-piperonylacrylic acid, potassium salt (Jonxs), T., 


C,,H,0.Cl, Chloride of hydrindene-2:2-dicarboxylic acid (Kenner), T., 
2697. 


C,,H,0.Cl 3-Chloro-4:6- and -4:7-dimethylcoumarin (Dey), P., 38. 
C,,H,O,N 5-Nitrohydrindene-2:2-dicarboxylic acid (Minis, PARKER, and 
Prowse), T., 1538. 

C,,H,,0,C1 3-Chloro-4:6:7-trimethylcoumarin (Dey), P., 38. 

C,,H,,0,N Diacetyl-p-hydroxybenzaldoxime (Brapy and Duny), T., 825. 
m-Hemipinmethylimide (Mason and Perkin), T., 2020. 
Oximino-derivative of 4:5-dimethoxy-l-hydrindone (PERKIN, Rosinson, 

and Roserts), T., 2389. 
C,,H,,0,N Nitro-c-methylmeconine (Hops and Rostnson), T., 2103. 
C,,H,,0,N Methyl 5-nitro-4-methoxyphthalate (Cain and SimonsEn), T., 


C,,H,.0.N, 4-(3’:4’-Dimethoxyphenyl)glyoxaline, and its salts (STEPHEN 
and WEIZMANN), T., 1053; P., 72. 

C,,H,,ON Acetyl derivative of 2-hydrindamine (KeNNER and Maruews), 
T 2. 

C,,H,,0N, Semicarbazone of 2-aldehydohydrindene (KENNER), T’., 2694. 

C,,H,,0,N 3:4-Dimethoxyphthalimidine (Mason and Perky), T., 2019. 

Methylsuccinanilic acids, isomeric (MORRELL), T., 2705. 

C,,H,;0,Cl 4:5-Dimethoxy-o-tolyl] chloromethyl ketone (STEPHEN and 
WEIZMANN), T., 1050; P., 71. 

C,,H,,0,N Acetylveratraldoxime (Brapy and Dunn), T., 2417. 

C,,H,,0,N Ethyl 4-nitro-2:3-dimethoxybenzoate (CAIN, SIMONSEN, and 
Situ), T., 1340. 

Ethyl 5-nitro-2:3-dimethoxy benzoate (CAIN and Simonsen), T., 160. 
Cu H,,O.N, Acetyl-p-dimethylaminobenzantialdoxime (Brapyand Dunn), 
-» 2875. 

C,H..ON, 3:5-Dinitro-2-dimethylaminoaceto-p-anisidide (MELDOLA and 
Houuay), T., 987. 

C,,H,;0.N Hydroxyphenylpropionethylamides (McKeEnzigz, MARTIN, and 
RULE), T., 1588 

C,,H,;0,N 4:5- Dimethoxy-o-toly! aminomethyl ketone, and its salts 
(STEPHEN and WEIZMANN), 'I'., 1053; P., 72 
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C,,H,;0;N 2:6-Dinitro-4-methylethylphenetidine and  2:6-Dinitro-4- 
methyldiethylammonium-l-benzoquinone (MELDOLA and Hotty), 
T., 2079. 

C,,H,,O.N Bornylene-3-hydroxamic acid (Furness and Perxtn), T., 2025. 


a i 8 glycol-m-dimethylaminophenyl ethers (Boyp and Martz), 

-» 2139. 

C,,H,,0.N, isoNitroso-camphor- and -epicamphor-semicarbazones (For- 
STER and Kunz), T., 1723. 

C,,H,ON, Semicarbazones of d-1-methy]-3-acetonyl-a®- and -A*-cyclo- 
hexenes (HAworTH and Fyre), T., 1666. 

C,,H,»ON, Aminocamphorsemi¢arbazone (Forster and Kunz), T., 1729. 

C,,H,,0N Diamylformamide (ATKINson), T., 1295; P., 82. 


11 IV 
C,,H,.0.N.S 2-Thiol-4-(3’:4’-dimethoxyphenyl)glyoxaline (STePpHEN and 
WEIZMANN), T., 1053; P., 72. 
C,,H,,0,N.Se 2-Selenomercaptan-4-(3’:4’-dimethoxy phenyl] glyoxaline) 
(STEPHEN and WEIZMANN), T., 1056; P., 72. 
C,,H,,0,NI Ethyl p-iodomalonanilate (CHArrAway and ConstaBLe), T., 
130. 


C,,H,,ON;Cl Semicarbazone from chloroketone C,,H,,OC! (HENDERSON, 
HEILBRON, and Howrkg), T., 1371. 


C,,H..ONC1 Diamylearbamyl] chloride (ArKinson), T., 1296; P., 82. 


C,, Group. 


C,,.H,, Diplenyl, absorption spectra of (Purvis), T., 590; P., 23. 
12 II 


C,.H,O, Furan-2:5-dimethylenemalonic acid (Cooper and Nurratt), T. 
2222; P., 227. 

C,.H,,0 Diphenyl ether, absorption spectra of (Purvis), T., 592; P., 23. 

C,,H,,.N. Azobenzene, absorption spectra of (Purvis), T., 594; P., 23; misei- 
bility of, with azoxybenzene, and the nature of its supposed stereoisomeride 
(HARTLEY and Stuart), T., 309; P., 13. 

C,.H,N Diphenylamine, absorption spectra of (Purvis), T., 593; P., 23. 

C,.0H),N; p-Aminoazobenzene, absorption spectra of (Purvis), T., 596; P., 23. 

Diazoaminobenzene, absorption spectra of (Purvis), T., 597. 

C,.H,.0 Methyl-a-naphthylearbinol, resolution of, and its salts (PicKARD 
and Kenyon), T., 1115; P., 83. . 

C,.H,.0, Glycol a- and B-ethers (Boyp and Marte), T., 2135. 

C,.H,.0, 2:4:5-Trimethylcoumarilie acid (Dry), P., 38. 

CioHH 205, 2-H ydroxy-3:5:7-trimethoxy-1:4-benzopyran (WATSON and SEN), 

-» 398 


C,.H,.N. Benzidine, absorption spectra of (Purvis), T., 607: P., 28. 
C,.H,,0 €-Phenyl-2-methyl-2:3-dihydropyran (FArGHER and PErxkrnN), T., 
1363. 


C,.H,,0. Ethyl hydrindene-2-carboxylate (KmyNER and Martuews), T., 
746. 
8-2-Hydrindylpropionice acid, and its salts (KENNER), T., 2695. 
a-Phenylhexane-ae-dione (FARGHER and Perkin), T., 1365. 


C,,H,,0. a-Phenylhexan-e-ol-a-one (FARGHER and Perxry), T., 1364. 
C,2H,O; Glycol 2-methoxy-4-allylphenyl ether (Boyp and Marte), T., 
2135. 
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C,.H,;,0. Glycol methylisopropylphenyl ethers (Boyp and Marte), T 
2134. 


C,.H..0, Ethyl. 1-methyleyclopentane-2:3-dicarboxylate (FARGHER and 
PrRKrin), T., 1366. 
CioHHy00, Tetramethylmannonie acid (Irvine and Paterson), T., 914; P., 


OHO, Ethyl y-diethoxy-a-dimethylacetoacetate (DAKIN and DuDLEy), 
» 2458; 8 
O.3. d Waduiteidiacsicns (Inv1InE and Paterson), T., 907; P., 69. 
C,,H..0,, Maltose, action of hydrochloric acid on (Datsn), T., 2053, 2065; P., 
225, 226. 


Sucrose, inversion of, by acids, in water—alcoliol solution (Burrows), T., 1260; 
| a 
C,.H.,0, Tetramethylethyl mannito)] (Irvine and Parerson), T., 922; P., 
69. 


12 Ill 
C,.H,,ON, Azoxybenzene, absorption spectra of (Purvis), T., 595; P., 23; 
miscibility of azobenzene with (HARTLEY and Stuart), T., 309; P., 13 
C,.H,,0,S 1:2-Dihydroxy-4-acetylthiolnaphthalene (GnHosH and SMILEs), 
T., 1398. 


C.oH,,0,N a-Cyano-2:3-dimethoxycinnamic acid (Perkin, Roprnson, and 
Cuov), T., 2380. 

C,oH,,0;N 1:5:4-Triketo-6:7-dimethoxy-2-methy1-1:2:3:4-tetrah ydroiso- 
quinoline (MAson and Perkin), T., 2020. 

CoH, CIBI Diphenylchlorobismuthine (CHALLENGER and ALLPREss), P 
292 


C,.H,,0.N a6 Dethyienedioxy: 2:3-dimethylquinoline, and _ its salts 
(FouLps and Rosrnson), T., 1968. 
C,.H,,0;N 7:8- Dimethoxyisocarbosty rilearboxylic acid (Bain, PERKIN, 
and Roprnson), T., 2398. 
CsHyOMs Diphenylcarbamides, absorption spectra of (Purvis), T., 1373; 
141. 


CiaH20,Si 1 9 pan rt rat condensation products of (KippInc and 
Rostson), T., 484. 

CisHyNsS Diphenylthiocarbamide, absorption spectra of (Purvis), T., 1373 ; 

C,.H}.N.S; Trithioaniline, and its salts (Hopeson and Drx), T., 954; P., 82. 

C,.H,.N.Se. Aminophenyl diselenide (PyMAn), P., 302. 

CiH,ON; | 4-Benzoylamino-3:5-dimethylpyrazole (MorcAN and REILLY), 


C,.H,;0,N 6:7-Dimethoxy-N-methylisoquinoline, salts of (MASON and PEr- 
KIN), T., 2017. 
C,.H,,;0,N 6-Acetylaminosafrole (FouLps and Rostnson), T., 1967; P., 221. 
C,.H,;0,N, Piperonylideneacetonesemicarbazones, and their hydro- 
chlorides (WILSON, HEILBRON, and SUTHERLAND), T., 2895. 
— derivative of phenylglyoxalhydrazoxime (Dery), T., 1044; P., 


C,.H,,0,N d-Dimethoxysuccinanil (Young), T., 1233. 
C,.H,;0;N 3:4-Dimethoxy-6-phthalimidine-1- carboxylic acid (Mason 
and PERKIN), T., 2019. 
Diacetylvanillinoxime (Brapy and Dunn), T., 2415. 
ae o-nitro-p-toluoylacetate, and its metallic salts (Durr), T., 2185 ; P., 
C,:H,;,0,N 3:4-Dimethoxy-6-methylearbamylphenylglyoxylic acid 
(+ 2H,O) (Mason and Perky), T., 2018. 
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FORMULA INDEX. 12 I1I—13 II 


C,0H,,0.N. 4-(4’:5’-Dimethoxy-o-tolyl)glyoxaline, and its salts (STEPHEN 
and WEIZMANN), T., 1056; P., 72. 

C,.H,,OBr ¢«-Bromo-a-phenylhexan-a-one (FARGHER and Perkin), T., 1364, 

C,.H,,0.N 2-Hydrindylurethane (Kenner and Matnews), T., 746. 

C,.H,,0;N d@-Dimethoxysuccinanilic acid (Youne), T., 1232. 

Ci2H,02N2 Dioxime of a-phenylhexane-ae-dione (FAnGHER and PERKIN), 

C,.H),0.N d-Ethyl-1-methyl-A*- and -A°-cyclohexene-3-cyanoacetates (Ha- 
worTH and Fyrs), T., 1664. 

C,.H,,0;,N Mannoseanilide (Irving and Hynp), T., 709. 

C,2H,,0.N; Acetyl derivatives of camphorquinonehydrazoximes (Fors- 
TER and Kuwnz), T., 1723. 

C,,H,,0,N Methyl glucoseanilide (Irvine and Hoce), T., 1394; P., 146. 

C,.H,,0,N Ethyl glycylmethylenemalonate (Levy), T., 29. 

C,:H»ON, Acetyl derivative of camphorhydrazone (Forster and Kunz), 
T., 1732. 

C,.H»,0.Cl1 Menthyl chloroacetate, preparation and rotation of (FRANKLAND 
and Barrow), T., 990; P., 84. 

C,.H.,ON, «as-Diamyloxamide (ATKINson), T., 1295; P., 82. 

Piperidine-l-carboxyldipropyla mide (ArKrnson), T., 1294; P., 82. 

C,.H.,0.N A-Aminolauric acid, and its salts (Le Survr and Wituers), T., 

2818. 


C,.H0,Si, Hexaethoxysilico-ethane (Martin), T., 2871. 


12 IV 
C,.H,0,.N,Se Picryl selenide (Twiss), T., 1676. 
C,.H,O,N,Se, 2:4-Dinitrophenyl diselenide (Twiss), T., 1677. 
C,.H,O,N,Se 2:4-Dinitrophenyl selenide (Twiss), T., 1677. 
CisHeONal 4-p-lodobenzeneazophenol (Cuarraway and ConsTaBLe), T., 
128. 


C,.H,O,NCl, 8-Trichloro-a-(6’-trichloro-a’-hydroxyethoxy)-propiono- 
benzamide (CrowrHER, McComBIg£, and REApg), T., 942; P., 58 

C,.H,,0,N.S 2-Thiol-4-(4’:5’-dimethoxy-o-tolyl) glyoxaline, and its platini- 
chloride (STEPHEN and WEIZMANN), T., 1055; P., 72. 

Ci2H,,0.N.Se 2-Selenomercaptan-4-(4’/:5’-dimethoxy-o-tolyl) glyoxaline, 
and its platinichloride (STEPHEN and WEIZMANN), T., 1057 ; P., 72. 

C,.H,,ONBr, Substance, from ethylation of 2:6-dibromo-p-aminophenol 
(MELDOLA and HoLLgEty), T., 1473. 

C,2H,,0,NC1 N-Chloroaceto-aminocamphor (Forster and ScHLAEPFER), 

C,2H..0,Cl,P, Bisdichloro-n- and -phosphoric acids, and their calcium salts 
(Kine and PymAn), T., 1247 ; P., 103. 

C,.H..0,Br,P, Bis-By-dibromoisopropylphosphoric acid, and its caleium 
salt (Kinc and Pyman), T., 1259; P., 103. 

CroHa04.P10Ca,Mg Phytin, preparation and analysis of (CLARKE), T., 535; 

oy Oe . 


C,,; Group. 
C,;H,, Diphenylmethane, absorption spectra of (Purvis), T., 591 ; P., 28. 


C.3sHi, Benzo-A*101)-nor-p-menthadiene (Kay and Morton), T., 1580. 
Ci:3H,, Benzo-A!? ) or (11).nor-p-menthenes (Kay and Morton), T., 1576. 


13 II 

C,;3H,)0. Phenyl benzoate, velocity of saponification of (McComstE and Scar- 
BOROUGH), T., 1804; P., 107. 
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13 II—13 Hi FORMULA INDEX. 


C,;H,.0: Phenyl benzyl ether, preparation of (PEAcock), P., 247 ; absorption 
spectra of (Purvis), T., 592. 

C,;H;.0; EnEr ane nenronsmerin Secsneny sys (PERKIN, Rosinson, 
and Cuov), T., 2381. 


C,,H,,0;, 6- P henyl- -2-methy1-2:3-dih ydro-1:4-pyran-5-carboxylic acid 
(FARGHER and Perkin), T., 1363. 


C,;H,,0, 2-Hydrindylmethylmalonie acid, and its salts (KENNER), T., 
2695. 


C,;3H,,0, 2:3-Dimethoxyphenylparaconic acid (Perkin, Rosrnson, and 
CARDWELL), T., 2391. 

C.:s3H,,.N, Phenylbenzylhydrazine, hydroferrocyanide of (StncH), T., 1979. 

C,;H,,0 Benzo-A3-nor-p-menthen-10-ol (Kay and Morton), T., 1579. 

C,3H,.0. Ethyl tetrahydro-a-naphthoate (Kay and Morroy), T., 1572. 

C,;H,,0, Benzylidenemannose (IRVINE and Hynp), T., 708. 

C,;H,,0 Benzonor-p-menthan-10-0l (Kay and Morton), T., 1575. 

C,3H»O, Ethyl cis-cyclobutane-1:2:3-tricarboxylate (GoLpsworTHy and 
PERKIN), T., 2670. 

C,;H»O0, Ethyl oxalylmethylsuccinate (HAworrda and KIN@), T., 1348. 

C,;H.,0, Ethyl y-diethoxy-a-methyl-a-ethylacetoacetate (DAKIN and 
Dup.ey), T., 2459; P., 108. 

Ethyl y-diethoxy-a-isopropylacetoacetic acid (Dakin and Dvup ey), 

T., 2460; P., 108, 

C,;H.,0, vde¢-Tetramethylmannitolacetone (Irvine and Paterson), T., 

b "9 
13 Ill 
es - -Trichloro-2-phenylindazole (KENNER and Cvrrtis), T., 
37 5 174. 

C,;H,0;N, 5:7-Dinitro-3-keto-2-phenyl]-1:3-dihydroindazole, and its salts 

(KENNER and Curtis), T., 2733 ; P., 174. 


C,;H,,0;N. o-Nitrobensylideneaminophenols (SENIER and CrarKe), T., 
1920. : 

C,;H,,NCl, Benzylidene-o-chloroaniline dichloride (James and Jupp), 
'., 1430. 


C,;H,,NBi Diphenyleyanobismuthine (CHALLENGER and ALLprress), P., 
292. 


C,;H,,0.N; o-Nitrobenzylidene o-phenylenediamine (SEenrER and 
CLARKE), T., 1924. 


C,;H,0;N; Benzylisopicramic acid (Mextpoxa and Hortety), T., 1483. 
C,;H,,NCl, Benzylideneaniline dichloride (James and Jupp), T., 1429. 
C,;H,,NI, Benzylideneaniline di-iodide (James and Jupp), T., 1435. 
C,;H,,NI, Benzylideneaniline tetraiodide (JAMEs and Jupp), T., 1435. 


C,;H,,0,N Ethyl 2-imino-3-methoxycoumarin-3-carboxy late (PERKIN, 
Rosrnson, and Cuov), T., 2381. 


C,;H,;0,N 6-Nitro-2:3-dimethoxyphenylparaconie acid (PERKIN, Ropin- 
son, and CARDWELL), T., 2392. 


CoH, 0.Br Ethyl a-bromotetrahydro-a-naphthoate (Kay and Morroy), 
T., 1574. 


CisH0.P Triphenyl phosphate, absorption spectra of (Purvis), T., 1377; 

C1sH,0:N Ethyl] 3-nitro-4-methoxyphthalate (Carin and Sronssn), T., 

C,H, ‘ON v-Mandelopiperidide (McKrEnziz, Martin, and Ruts), T., 1586. 

C,;H,,0,N; cis-p-Nitro-4-benzoy1-2:6- -dimséth ylpiperazine, and its ‘hydro 
chloride (PorE and REAp), T., 232. 
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FORMULA INDEX. 13 IlI—-14 II 


C,;H,,0,N Ethyl-2:3-dimethoxybenzylideneaminoacetate (PERKIN, 
Rosinson, and Cuov), T., 2383. 

C,3;H,,ON. cis-1- and -4-Benzoyl-2:6-dimethylpiperazines, and their salts 
(PorE and Reap), T., 230. 

C,;H,.Q.N, Dihydrazide of 2-hydrindylmethylmalonic acid (KENNER), 
T., 2695. 


C,;H.,ON, isoPropylidene derivative of camphorquinonehydrazoxime 
(ForsTer and Kunz), T., 1725. 


C,;H.,0,N Ethyl alanylmethylenemalonate (Levy), T., 29. 


13 IV 

C,;H,0,N,Cl 3-Chloro-5:7-dinitro-2-phenylindazole (Krnxner_ and 
Curtis), T., 2737. 

C,;H,O.N.Cl o-Nitrobenzylidenechloroanilines (SENIER and 
CLARKE), T., 1919. 

o-Nitrosobenzochloroani lides (SENIER and Crarkk), T., 1919. 

C,;H,O.N.Br o-Nitrobenzylidenebromoanilines (SENreR and CLARKR), 
T., 1920. 

C,;H,O,N.I 0-, m-, and p-Nitrobenzo-p-iodoanilides (CHATTAWAY and Con- 
STABLE), T., 126 


C,;H,O,N;Br, m-Nitrobenzylidene-m-nitroaniline dibromide (JAmes and 
Jupp), T., 1435. 


C,;H,.ONC] 4-Hydroxybenzylidenechloroanilines, phototropy and ther- 
motropy of (SENIER and Forster), T., 2466. 


C,;H,ONBr 4-Hydroxybenzylidenebromoanilines, phototropy and ther- 
motropy of (SENIER and Forster), T., 2467. 


C,;H,ONI Benzo-p-iodoanilide (CHaTraway and ConstaBLe), T., 126. 
C,;H,;,ON.I, s-Di-p-iodophenylearbamide (Cuarraway and ConstaBir), T., 
130. 


C,,H,.O.N.Br, Benzylidenenitroaniline dibromides (JAmEs and 
Jupp), T., 14382. 


m-Nitrobenzylideneaniline dibromide (JAmEs and Jupp), T., 1431. 


C,;H,.0.N;,I o-, m-, and p-Nitrobenzaldehyde-p-iodophenylhydrazones 
(CHATTAWAY and ConsTaBLE), T., 127. 
C,;H,,O.N;S 3- and 4-Benzenesulphony1-3:4-tolylenediazoimides (Mor- 
GAN and ScHArRFF), T., 120. 
CiaH20.N.S Benzenesulphenylnitro-p-toluidines (MorGAN and ScHARFF), 
-, 119. 


C,;H,,0.N.S 3- and 3-Benzenesulphony]-3:4-tolylenediamines (MoRGAN 
and SCHARFF), T., 119. 


C,;H,,ON.Br_ cis-p-Bromo-4-benzoyl-2:6-dimethylpiperazine (Pork and 
Reap), T., 232. 


C,;H,,0,NS Dimethoxyisoquinoline methosulphate (MAson and PEerkrn), 
T., 2023. 


Ci, Group. 


C,,H,0. Phenanthraquinone, compound of metallic salts with (KNox and 
Innes), T., 1451; P., 159. 

C,,HjN. Substance, from glyoxal and benzidine (CAIN and MIcKLETHWAIT), 
T., 1441. 


C,,H,;.0.° Benzoin, action of, on acid chlorides (McComBie and Panrxgs), T., 
1687 ; P., 185. 


C,,H,;N, Diaminodimethylcarbazoles (Cain and Mick.Leruawalrt), T., 1449. 
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14 11—14 III FORMULA INDEX. 


C,,H,,0; Methyl phenylmethyldihydropyranearboxylate (FARGHER 
and PERKIN), T., 1363. 

C,,H,,0, Ethyl furan-2:5-diacrylate (Cooper and NuTTAL), T., 2224. 

C,,H,,0, Ethyl opianoylacetate (Barn, PERKIN, and Rosinson), T., 2400. 

C,,H»O; Phenylethylglyoxalacetal (Dakin and Dup1iEy), T., 2461; P., 
108. 

Ci,4H..0, Ethyl cyclopentane-1:2:4-tricarboxylate (GoLpDswortHy and 
PERKIN), T., 2672. 

C,,H.0, Ethyl oxalyl-as-dimethy!succinate (HawortH and Krne), T., 
1347. 


C,,H,,0, Dimethylmannitoldiacetone (Irvine and Parerson), T., 909; 
P., 6 


C,,H.,0 A¢¢i-Tetra methyldecan-e-one (PARRY), P., 299. 


14 III 


C,,H,0,Cl 3-Chloro-4-methy]-1:2-a-naphthapyrone (Dey), P., 38. 

C,,H,,0,N. o-Nitrobenzylideneaminobenzoic acids (SENIERK and CLARKE), 

C,,H,,0,N 4-Hydroxybenzylideneaminobenzoie acids, phototropy and 
thermotropy of (SENIER and Forster), T., 2468. 

C,,H,,0,Cl Diacetyl derivatives of 3-chlorodihydroxy-4-methylecoumarins 
(Dey), P., 39. 

CH OLN: B-Acetylbenzeneazophenol (HEewirt, Mann, and Pops), T., 
2195. 


o-Nitrobenzylidenetoluidines (SENIER and CLARKE), T., 1918. 
o-Nitrosobenzotoluidides (SENIER and CLARKE), T., 1918. 
C,.H:,0,N, o-Nitrobenzylideneanisidines (SENIER and CLARKE), T., 
1921. 


Ci4H,.0,N, 2:4-Dinitro-6-carbomethoxyhydrazobenzene (KENNER and 

Curtis), T., 2735; P., 174. 
3:5-Dinitro-2-phenylamino-p-acetylaminophenol (MELpoLA and Hot- 

LELY), T., 990. 

C,,H,,ON 4-Hydroxyberzyiidenetoluidines, phototropy and thermotropy 
of (SENIER and ForstEr), T., 2464. 

C,,H,,ON, Benzaldehydephenylsemicsrbazone, and its hydrochloride 
(Witson, HEILBRON, and SuTHERLA®?}, ‘T., 2905. 

C,,H,,0,N 4-Hydroxybenzylideneanisidines, phototropy and thermotropy 
of (SENIER and Forster), T., 2469. 

rs Benzylmethylisopicramic acid (MELDoLA and Ho.teEty), T.; 

ae. 


C,,H,;NBr, Benzylidenetoluidine dibromides (JAmxEs and Jupp), T., 1431. 
C,,.H,.O.N, Glycol p-benzeneazopheny!] ether (Boyp and Marte), T., 
2137. 


C,,H,,0,N, Dinitrotolidines, isomeric (Carn and MickLernwalr), T., 1442; 
P., 247. 


C,,H,,0,8, Benzyl tetrasulphoxide (Smyrup), T., 546; P., 24. 

CisH,,0,P Tri-o- and -p-tolyl phosphates, absorption spectra of (Purvis), T., 
1377; P., 141. 

C,,H,;0.N, Nitrotolidine (Carn and Mick.ieruwalr), T., 1447. 

C..H,,0,N Ethyl a-cyano-2:3-dimethoxycinnamate (PERKIN, RoBINsoN, 
aud Cuov), T., 2380. 

C,,H,,0;N Ethyl 7:8-dimethoxyisoearbostyril-3-carboxylate ~ (BAIN, 
PERKIN, and Rosinson), T., 2398. 

C,,H,,0,N Ethyl o-nitro-p-toluoylacetoacetate (Durr), T., 2183. 
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FORMULA INDEX. 14 ITI—15 Il 


C,,H,,0,N Methyl 6-nitro-2:3-dimethoxyphenylparaconate (PERKIN, 
KosiINson, and CARDWELL), T., 2392. 

C,,H,,0.Si Dibenzylsilicanediol, and its condensation products (Ropison and 
Krppine), T., 40. f 

C,,H,,0,N d-Diethoxysuccinanil (Youne), T., 1236. 

C,,H,,ON, Phenylbenzylmethylazonium hydroxide, silts of, and their 
resolution (StncH), T., 1976; P., 136. 


C,,H,,0.N. Phenylmethylhydrazone of cyclohe xanone-4-carboxylic 
acid (Mitts and Bary), T., 70. 

C,,H,,0,N, 3:5-Dinitro-2-piperidylaceto-y-anisidide (MgLpoLa and Hot- 
LELY), T., 988. 


C,,H,.0O;N Benzylidenemethylglucosamine, and its hydrochloride (IRVINE 
and Hynp), T., 705. 


d-Diethoxysuccinanilic acid (Young), T., 1236. 


C,,H,,0,;N; Diacetyl derivative of camphoryuinonehydrazoxime (ForsTER 
and Kunz), T., 1723. 


C,,H,,0,N,; Diacetyl derivative of aminocamphorhydrazone (ForsTER 
and Kunz), T., 1727. 
C,,H,,0,N Ethyl dimethylglycylmethylenemalonate (Levy), T., 31. 
Ethyl ethylglycylmethylenemalonate (Lzvy), T., 31. 
C,,H.,0,N Ethyl diamyloxamate (ArxKiNnson), T., 1295; P., 82. 
C,,H,,0,N. Tetrapropyloxamide (ArKinson), T., 1293; P., 82. 


14 IV 


C,,H,O,NCl, Substance, from 6-keto-5-benzoyl-2:4:7-tri-(trichloromethyl)-1:3:5- 
dioxazseptan and potassium hydroxide (CrowrHEr, McComsie, and Reape), 
T., 941 


C,,H,O,NI p-Iodophthalanil, preparation of (CHATTAWAY and CoNnsTABLE), 
Tus ia 


C,,H,0,NCl, 6-K eto-5-benzoy]-2:4:7-tri-(trichloromethy])-1:3:5-d ioxaz- 
septan (CROWTHER, McComBik, and Reape), T., 940. 
C,,H,,0;NC], Acetyl! derivative of B-trichloro-a-(g’-trichloro-a’-hydroxy- 
ethoxy)-propionobenzamide (Crowrurr, McCombiz, and ReEapb), 
T., 943. 
a Phenylaceto-p-iodoanilide (CHarraway and CONSTABLE), 
5. car 


14 V 


C,.H,O,NC1,.Br, Substance, from 2-keto-5-benzoyl-7-trichloromethy1-2:4-di(tri- 
bromomethyl)-1:3:5-dioxazseptan and potassium hydroxide (CrowrHER, Mc- 
ComBIE, and Reape), T., 946. : 

C,,H,0,NC1,Br, 6-Keto-5-benzoyl-7-trichloromethy1-2:4-di-(tri bromo- 
eOeh re Hees heee poo nnen *(CrowrHEerR, McComspir, and READE), 

.» 945. 


C,, Group. 


C,;H,0O, Alizarin a-methyl ether (Oxscu and PERKIN), P., 213. 

C,;sH,.0, Quercetin, salts of (Warson and Sen), T., 385. 

C,;H,,.0 Phenyl styryl ketone, action of magnesium phenyl bromide on 
derivatives of (MACLEAN and Wippows), T., 2169; P., 222. 

C,;Hi,0, 3:4:5:7-Tetrah ydroxy-2-m-p-dihydroxy-2-phenyl-1:4-benzopyran 
(Watson and Sen), T., 395. 

C,;H,,0 Methyldeoxybenzoin (ManrsHatt), T., 530; P., 13. 

CHO. aud d-Benzoylbenzylcarbinols (McKenziz, Martin, and Rut), 

4 ’ 


Toluoylphenylcarbinols (McKenzir, Martin, and Rute), T., 1585. 
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15 II—15 Ill FORMULA INDEX. 


C,;H,,N; 3:5-Dimethylpyrazole-4-azo-8-naphthylamine (Morean= and 
REILLY), T., 441. 

C,;H,,0, Ethyl phenylmethyldihydropyrancarboxylate (FARGHER and 

PERKIN), T., 1863 

C,;H,,0, Ethyl hydrindene-2:2- -dicarboxylate, reduction products of 
(KENNER), T., 2685; P., 244. 

CisH20, Ppa dicarboxyglutaconate, action of amino-acid esters on (LEVY), 
T., 2 


C,;H.,0, Ethyl cyclohexane-1:2:4-tricarboxylate (GotpsworTHy and 
PERKIN), T., 2674. 

C,;H.,0, Ethyl #-methylpentan-d-one-See-tricarboxylate (HAwortTH 
and Kine), T., 1348. 

CisH90,, Maaniteltciecetone, constitution of (IRVINE and PALMER), T., 898 ; 


15 III 


C,;H,0,S Quercetinsulphonic acid (+4H,0), and its sodium salt (Watson 
and Srn), T., 393. 

C,;H,,0,N 6’-Aminoquercetin and its salts (Watson), T., 343. 

C,;H,.0.N, Cinnamylidene-m-nitroaniline (James and Jupp), T., 1434. 

C,;H,.NCl Cinnamylidene-p-chloroaniline (James and Jupp), T., 1430. 

C,;H,.NCl, Cinnamylidene-p-chloroaniline dichloride (JAmEs and Jupp), 
T 0. 


C,;H,.NBr Cinnamylidene-m-bromoaniline (JAmEs and Jupp), T., 1434. 

C,;H,.NBr,; Cinnamylidene-m-bromoaniline dibremide (JAMES and 
Jupp), T., 1434. 

C,;H,,0N,; Acetophenonephenylsemicarbazone, and its hydrochloride 
(WILSON, HEILBRON, and SUTHERLAND), T., 2904. 

C,;H,,0N, Benzylidene derivative of phenylglyoxalhydrazoxime (Dry), 
T., 1044; P., 79. 

CisH30.N Benzo-o- and -p-toluamides (TiTHERLEY and Srusss), T., 303; 

» om 

ee a derivative of phenylglyoxalhydrazoxime (Dey), T., 

C1sH},0,N a-Benzoyloxyphenylacetamide (G. M. and R. Roprnson), T., 
465. 


C,;H);0,N Carbanilinovanillin (Brapy and Dunn), T., 2416. 
C,;H,,0;N Glycol phenyl ether p-nitrobenzoate-(Boyp and Mar.s), T., 
2133. 


C,;H,;0,N; 3:5-Dinitro-2-N-nitr osophenylaminoaceto-p- anisidide (Met- 
DOLA and Ho.Luety), T., 984. 

C,;H,;NI. Cinnamylideneaniline di-iodide (James and Jupp), T., 1436 

C,;H,;NoI Cinnamaldehyde-p-iodophenylhydrazone (CHATTAWAY and 
ConsTABLE), T., 128. 

C,;H,,ON, o- and p-Toluoylbenzamidines (Trrnertey and Srvusss), T., 


CisH,,ON, 3:5-Dimethylpyrazole-4-azo-8-naphthol (Morcan and REILLy), 
-» 440. 


C,;H,,OBr, Methyldeoxybenzoin dibromide (MArsnatu), T., 531. 
C,;H,,0.N. p-Acetylbenzeneazo-p-cresol (Hewitt, MANN, and Popg), T 
2197. 


o-Nitrobenzylidenexylidines (SENIER and CLARK), T., 1923. 
Cully OF. Phenylcarbamylhydrazone of oximinoscetophenoné (Dey), 


1045; P., 79. 
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FORMULA INDEX. 15 1i—16 II 


C,;H,,0,N, 3:5-Dinitro-2-phenylaminoaceto-p-anisidide, isomeric forms 
of (MreLpua and HoLiEty), T., 983; P., 85. 

C,;H,;,ON 4-Hydroxybenzylidenexylidines, phototropy and thermotropy 
of (SENIER and ForstErR), T., 2465. 

C,;H,,0;N, Benzylethylisopicramic acid (MELpoLA and Hot.eny), T., 
1485. 


2:6-Dinitro-4-benzyldimethylammonium-l-benzoquinone (MELDOLA- 
and HouieEy), T., 1485. 

Substance, from methylation of benzylisopicramic acid (MELDOoLA and Ho t- 
LELY), T., 2083. 


C,;H,,ON. Dibenzylcarbamide, absorption spectra of (Purvis), T., 1374; P., 
141. 


C,;H,,0.N. Propylene glycol benzeneazophenyl ethers (Boyd and 
MArtLeE), T., 2137. 

C,;H,;,ON f8-Hydroxy-aB-diphenylethylmethylamine, and its platini- 
chloride (IRVINE and FyF eg), T., 1651; P., 180. 

B-Methoxy-a8-diphenylethylamine, and its platinichloride (InvinE and 

Fyre), T., 1654; P., 180. 

C,;H,0,Se Scandium acetylacetone (MorGan and Moss), T., 197. 

C,;H.,0,N 2:3-Dimethoxybenzylideneaminoacetal (PERKIN, RoBINson, 
and Cuov), T., 2382. 

C,;H.,0.N, Base, from aspidospermine and chromic acid (Ewins), T., 2748 ; 


° 15 IV 

C,;H,.0.N.Br, Cinnamylidene-m-nitroaniline dibromide (JAmEs and 
Jupp), T., 1434. 

C,;H,.0.N.I, s-Di-p-iodomalonanilide (CaArraway and ConsTasiz), T., 
129. 


C,;H,,0;NC1 Glycol chlorophenyl ethers p-nitrobenzoates (Boyp and 
MARLE), T., 2136. 


C,,; Group. 

C,,H,O, Anhydride of diphenyl 2:3:2’:3’-tetracarboxylic acid (KENNER 
and MATHEws), T., 2479. 

CisH;O, Diphenyl 2:3:2’:3’- and 3:4:3’:4’-tetracarboxylic acids (KENNER 
and MatuEws), T., 2478; P., 242. 

C,,H,.0; Hydroxydimethylanthraquinone (Brapsury and WEIZMANN), 
T., 2751; P., 259. 

C,,H,.0, Dimethylalizarins (BrapBuRY and WrIzMANN), T., 2750; P., 259. 

C,.H,.0;, Carajuretin (PERrkin), P., 212. 

C,,H,,0, @-Diphenylsuccinic acid, formation of, from /-phenylchloroacetic 
acid (McKEnzIE, Drew, and Marin), P., 04. 

C,.H,,0; Dihydroxy-2-xyloylbenzoie acid (Brapsury and WEIZMANN), T., 
2749 ; P., 259. 

C,<H,,N. Substance, from glyoxal and tolidine (CAIN and MickLeTHwatr), T., 
1441. 


C,,H,,N Cinnamylidene-o-toluidine (Jamzsand Jupp), T., 1433. 

CisH,,N. Phenylhydrazone from ketone from benzaldehyde and magnesium 
dimethylearbiny] iodide (MARSHALL), T., 532. 

C,.H.0, Ethyl 2:6-dicarbethoxy-A?*-cyclohexadien-5-ol-l-acetate, and its 
copper salt (CuRTIS and KENNER), T., 288. 

C,<H3N, Aminocamphorphenylhydrazone, and its hydrochloride (ForsTER 
and Kunz), T., 1728. 

CysH..0, Ethyl cycloheptane-1:2:4-tricarboxylate (GoLpsworTHy and 
PERKIN), T., 2676, 
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16 I1I—16 V FORMULA INDEX. 


16 II! 
CicH,o0.N. 5:6-Methylenedioxyindenoquinoxaline (Perkin, Roperts, 


and Rosrnson), T'., 2408. 
C,.H,,ON Phenyl p-cyanostyryl ketone (MAcLEAN and Wippows), T., 
2171. 


C,.H,,0,N, Phenylglyoxaloximazine (Dey), T., 1044; P., 79. 

C,sH,,0;N, Acetyl derivative of f-acetylbenzeneazophenol (HeEwirT, 
MANN, and Pork), T., 2196. 

C,<H,,ON, Cinnamaldehydephenylsemicarbazone, and its additive com- 
pounds (WILson, HEILBRON, and SUTHERLAND), T., 2899. 

C,,H,,0.N Benzoyl derivative of 2-hydrindamine (KgNnNER and MaTHEws), 

C,,H,;0;N Glycol tolyl ether p-nitrobenzoates (Boyp and Marts), T., 2133. 

C,gH,,0,N Glycol o-methoxyphenyl ether p-nitrobenzoate (Boyp and 
MARLE), T., 2135. 

CicH, NBry Cinnamylidenetoluidine dibromides (James and Jupp), T., 
1433. 


C,.H,,0.N, as-Dibenzyloxamide (ATKiNson), T., 1290. 
o-Nitrobenzylidene-p-cumidine (SENIER and CLARKE), T., 1924. 

C,,H,,0;N, Dinitroacetyltolidine (CAIN and Micktetuwatr), T., 1449. 

CisH,,O,.N, 3:5-Dinitro-2-ben zylaminoaceto-p-anisidide (MeLpoLa and 


HouukE.y), T., 985. 
2:3-Dinitro-2-p-tolylaminoaceto-p-anisidide (MELDOLA and Ho.teEty), T., 


986. 

C.isHigNSS Phenylthiocarbamide derivative of 2-hydrindamine (KENNER 
and MATHEWS), T., 747. 

C,,H,,O.N,; COarbanilino-p-dimethylaminobenz-anti- and -syn-aldoximes 
(Brapy and Dunn), T., 2877. 

C,.H,,0;N, 2:6-Dinitro-4-benzylmethylaminophenetole (Mgtpota and 
HOoLuEzy), T., 1486. 

2:6-Dinitro-4-benzylmethylethylammonium-l-benzoquinone (MEL- 

DOLA and Ho.L.eE.y), T., 2085. 

C,.H;,ON 8-Hydroxy-e8-diphenylethyldimethylamine, and its platini- 
chloride (IRVINE and FyFe), T., 1651; P., 180. 

C,,H.,0N Substance, from chloroaminocamphor and acetone (Forster and 
ScHLAEPFER), T., 2774; P., 260. 

CisH2,0,N Ethyl leucy]methylenemalonate (Levy), T., 31. 


16 IV 
Cio, ONL p-lodobenzeneazo-8-naphthol (CHATTAwAy and CONSTABLE), 
«> 128. 


C,cH,ON;,Br Bromocinnamaldehydephenylsemicarbazone, and _ its 
hydrochlorides (W1LsoN, HEILBRON, and SUTHERLAND), T., 2902. 

C,.<H,,0;NC1l Propylene glycol chlorophenyl ethers p-nitrobenzoates 
(Boyp and MARLE), T., 2136. 

CieH,,0,N,Se, Acetylaminophenyl diselenide (PymAn), P., 302. 

Cie6H20,N;S cis-4-Naphthalene-a-sulphonyl-2:6-dimethylpiperazine, and 
its salts (Porpz and Reap), T., 233. 

CisH2:0;5NS Benzenesulphonylamino-camphor and  -epicamphor 
(Forster and Kunz), T., 1730. 

C,e6H230;N,S _cis-4-d-Camphor-f-sul phony]-2:6-dimethylpiperazine, and 
its salts (Pork and Reap), T., 235. 


16 V 
C.sH,.O,NCIS 0-Chiorotoluene-p-sulphony] derivative of 2-hydrindamine 
(KENNER and MatuHews), T., 748. 
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FORMULA INDEX. 17 1I—17 Ill 


C,, Group. 


C,,H,O, Dibenzylmalonie acid, action of phosphoric oxide on (Curts), P., 39. 

C,,H,,0, Bisfurylidenedimethylpyrone, and its salts (Boox, McKEnztE, 
and Trorrer), P., 205. 

C,,H,.0,; VPhenyl-p-carboxymethylstyryl ketone (MacLean and WIp- 
pows), T., 2171. 

C,,H,0, Ethyl a-benzoyloxyphenylacetate (G. M. and R. Ropinson), T., 
1465. 


si |” highmralaehanic tedetaan aaa (McComsBIE and PARKES), 

., 1689. 

C,,H.0 1-Naphthyl-n-hexylcarbinol, rotation of, and of its esters (KENYON 
and PickaRD), T., 2644; P., 243. 

C,,H,.0, Ethyl 2-hydrindylmethylmalonate (Kenner), T., 2695. 

C,,H,,0, Ethyl y-diethoxy-a-benzylacetoacetate (DAKIN and DupLry), 
T., 2461; P., 108. 

C,,H,.0, @-Ketomargaric acid (Le Sugur and WirueErs), T., 2806; P., 257. 


17 Ill 
C,,H,.0,S 4-0-Carboxyphenylthiol-6-naphthaquinone (GHosH' and 
SmiLEs), T., 1399. 
C,,H,»O,N, 2-Phen yl-4-o-nitro-mp-meth ylenedioxyhenzylideneoxazol- 
one (BAIN, PERKIN, and Roprnson), T., 2403. 
CirH,0.N, o-Nitrobenzylidenenaphthylamines (SENIER and CLARKE), 
., 1923. 


C,,H,.0,8S Dihydroxycarboxyphenylthiolnaphthalenes (GHosH and 
SMILEs), T., 1399. 

C,,H,.0,N, 2-Nitro-3:4-methylenedioxybenzylidenehippurie acid(Baiy, 
PERKIN, and Rosrnson), T., 2404. 


C,,H,,0ON 4-Hydroxybenzylidenenaphthylamines, phototropy and _ther- 
motropy of (SENIER and Forster), T., 2470. 

C,,H,,0,N 3-Nitro-4-methoxypheny]-3:4-methylenedioxystyryl ketone 
(Harprne), T., 2794. 

C;,H,,0,.N 6’-Nitroquercetin dimethyl ether (Warson and Sen), T., 392. 

a Renzylidene-8-naphthylamine dibromide (JAmzs an! Jupp), 
T., 1433. 

C,,H,,0,.N, 5:6-Dimethoxyindenoquinoxaline (PERKIN, Roperts, and 
Rosinson), T., 2407. 


C,,H,,0,N, Acetyl derivative of p-acetylbenzeneazo-p-cresol (HEwITT, 
MANN, and Pops), T., 2198. 

C,,H,0,N, 3:5-Dinitro-2-phenylacetylaminoaceto-p-anisidide (MEL- 
DOLA and HoLurzy), T., 984. 

C,,H,,0,.N, 2:2’:6:6’-Tetranitro-3:3':4:4’-tetramethoxydiphenylmethane 
(Rosrinson), P., 253. 

C1rH,,O,N Phenylurethane of 2-hydroxymethylhydrindene (KENNER), 

-, 2693, : 


C,,H,,0;N Propylene glycol tolyl ether p-nitrobenzoates (Boyp and 
MARLE), T., 2133. 

C,,H,,0,1 3:5:7-Trihydroxy-2-m-p-dihydroxyphenyl-4-ethy]-1:4-benzo- 
pyran anhydrohydriodide (Watson and Sen), T., 398. 

C,,H,,0.N. Methylsuccinanilide (Morrewt), T., 1737. 

C,,H,,0,N, 6:6’-Dinitro-3:4:3':4’-tetramethoxy diphenylm ethane (Rosin- 
son), P., 2538. 

CirHssN,S 2-Phenylthiocarbamidomethylhydrindene (Kenner), T., 

6. 
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17 I1I—18 Ii FORMULA INDEX. 


C,,H,,0,;N;, 2:6-Dinitro-4-benzylethyl-p-phenetidine (Metpota and Hot- 
LELY), T., 2081. 
C,,H»O.N, Methyl tetrosazone (Gitmovr), T., 78. 
C,;H,.0,N, Phenylhydrazone, from 3:4:5-trimethoxyacetophenone (HARDING), 
-» 2796. 


C,,H.,ON B-Methoxy-a8-diphenylethyldimethylamine, and its platini- 
chloride (IRVINE and Fyre), T., 1654; P., 180. 

C,,H.,0N, Benzylidene derivatives of camphorquinonehydrazoximes 
(Forster and Kunz), T., 1722. 

C,,H.,0,N, Benzoyl] derivatives of camphorquinonehydrazoximes (ForsTzr 
and Kunz), T., 1722. 

p-Nitrobenzylidene derivative of camphorhydrazone (Forster and 

Kunz), T., 1733. 

C,,H.,0,N, p-Nitrobenzoyl derivative of camphorhydrazone (ForsTEr and 
Kunz), T., 1732. 

C,,H,,0,N Camphenilanol p-nitrobenzoate (HENDERSON and SUTHERLAND), 
T., 1716; P., 203. 

C,,H.,0.N Phenylurethane of 1-isobutanol-Al-cyclohexene (HawortH, 
Fyre, aud Mackay), T., 1670. 

C,,H,,ON, s-Phenyloctylcarbamide (Le Sueur and Wiruers), T., 2809. 

C,,H.,0N, Aminocamphorphenylsemicarbazone (Forster and Kunz), T., 
1729. 


C,,H,,ON, cis-4-d-Methylenecamphor-2:6-dimethylpiperazine (+H,0), 
and its hydrochloride (Pore and Reap), T., 241. 
Phenyldiamylcarbamide (ATKINSON), T., 1296; P., 82. 
C,,H;,,0.N 0-Ketomargaramide (Le Sueur and Wiruxrs), T., 2807. 
C,,H;30;N Amides from @-ketomargaric acid (LE Sueur and WirneErs), T., 
8. 


Oxime of 6-ketomargaric acid (Le Sugzur and Wirners), T., 2807. 
C,,H,;ON, Dipropyldiamylcarbamide (ArxKinson), T., 1294; P., 82. 


17 IV 


C,,H,;0,NS 2-p-Sulphophenyl-2:3-dihydro-1:2:4-naphtha isotriazine 
(Moore), P., 183. 

C,,H,.0,NC1 p-Nitrobenzoate of camphene chlorohydrin (HENDERSON, 
HEILBRON, and Howie), T., 1369. 

C,,H.,0;NS Benzenesulphon;ylmethylaminocamphor (Forster and 
Kunz), T., 1731. 

p-Toluenesulphonylamino-camphor and -epicamphor (Forster and 

Kunz), T., 1730, 1732. 


C,,; Group. 


C.sH,,0, 1:3-Diketo-2-0-veratrylidenehydrindene (PERKIN, ROBINSON, 
and Roperts), T., 2384. 

C,,H,,0; 3-Benzoyl-7:8-dimethoxy-isocoumarin (BAIN, PERKIN, and Rosrn- 
son), T., 2402; P., 235. 

C,,H,,0, 2:2’-Carbomethoxydiphenyl-3:3’-dicarboxyliec acid (KENNER 
and MaTHeEws), T., 2479. 

C,.H,,P Triphenylphosphine, absorption spectra of (Purvis), T., 1378; 

-, 141. 


C,,H,,0, Benzylidene derivative of 4:5-dimethoxy-1-hydrindone (PERKIN, 
Rosinson, and Roperts), T., 2388 
Phenyl p-carboxyethylstyryl ketone (MAcLEAN and Wippows), T., 2172 
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FORMULA INDEX. 18 II—18 III 


C,,H,,0, Tetrahydro-2-naphthol, optical dispersion of, and of its esters 
(KENyon and Pickarpn), T., 2677; P., 262. 

C,,H,,0; Carajurin, and its salts (PERKIN), P., 212. 

C,,H,,0, w-Opianoylacetophenone (BAIN, PERKIN, and Roxzinson), T., 2400; 

9 285. 
a ~ eee tales acid (BAIN, Perkin, and Rosinson), 
-» 2402. 

C,.H,,0, 2:3:6:7-Tetramethoxyanthracene (Ropinson), P., 252. 

C,,H.»0, 2:3:6:7-Tetramethoxydihydroanthracene (RoBinson), P., 252. 

C,,H..0, Camphenilanol hydrogen phthalate (HENDERSON and SuTHER- 
LAND), T., 1716; P., 203. 

C,,H.0, Substance, from condensation of ethyl as-dimethylsuccinate and ethyl 
oxalate (HAworrTH and Kine), T., 1347. 

C,sHyO, Ethyl A-methylpentan-8-ol-Bdee-tetracarboxyiate (HAworRTH 
and Kine), T., 1849. 

C,;H,.0, Acids, from a-hydroxy-a-octylsebacic acid (LE Suzuxr and Wiruers), T., 
2810; P., 257. 

C,,H,,0, Methyl @-ketomargarate (Le Suzur and WirneErs), T., 2806. 

CisHs,C, a-Octylsebacic acid, and its silver salt (Lz Suzur and WirTuERs), 
T., 2812; P., 257. 

C,sH,0, Dihydroxystearic acid, action of fused potassium hydroxide on (LE 
SvuEvuR and WiTHERs), T., 2800; P., 257. 


18 III 


C,;H,,0,N 2-Phenyl-4-o-carboxymethylbenzylideneoxazolone (BAIN, 
PERKIN, and Rosinson), T., 2397 ; P., 234. 

C,sH,,0.N. p-Acetylbenzeneazo-a- and -8-naphthols (Hewitt, MANN, and 
Porg), T., 2199. 

6:6’-Dimethylindigotin (Durr), T., 2186; P., 230. 

C,,H,,0,N. 2-Phenyl-4-o-nitro-mp-dimethoxybenzylideneoxazolone 
(BAIN, PERKIN, and Ropinson), T., 2403. 

C,,H,,0.N 2-Phthaliminomethylhydrindene (KENNER), T., 2696. 

C,,H,;,0;N o-Phthalimino-3:4-dimethoxyacetophenone, preparation of 
(STEPHEN and WEIZMANN), T., 1051; P., 71. 

C,,H,;0;Br w-Benzoylbromomethylmeconine (BAIN, PERKIN, and Rosin- 
son), T., 2401; P:, 235. 

C,,H,,0,N. 2-Nitro-3:4-dimethoxybenzylidenehippuric acid (Barn, PEr- 
KIN, and Rosinson), T., 2404. 

C,.H,,0,N w-Phthalamino-3:4-dimethoxyacetophenone (SrePHEN and 
WEIZMANN), T., 1051; P., 72. 

C,,H,,0,N. Anilide of ethyl anilinomethylenemalonate (Lxrvy), T., 31. 

CisH OWN, Dinitrodiacetyltolidines (Carn and Mickieruwair), T., 
1446, 


C,3H,,0,N, Acetyl derivative of 2:3-dinitro-2-p-tolylaminoaceto-p-anis- 
idide (MELpoLA and Ho..eE ty), T., 986. 
C,.<H,,0,N Ethyl dibenzyloxamate (Atkinson), T., 1290. 
C,.H,,0,N; Nitrodiacetyltolidine (Cain and Mickteruwait), T., 1451. 
C,sH_O,N. 7-Dibenzylaminosuccinic acid and its benzylamine salt 
(FRANKLAND), T., 2881; P., 260. 
Dibenzylamide of racemic acid (FRANKLAND), T., 2882; P., 260. 
d-Dimethoxysuccinanilide (Youne), T., 1235. 
C\sH0,N, Bis-p-nitrophenylhydrazone of sec.-butylglyoxal (DAKIN 
and DupLey), T., 2460. 
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18 I1Y—19 III FORMULA INDEX. 


C,,H..0,N, Methyl tetrosephenylbenzylhydrazone (Gitmour), T., 78. 

C,,H.,ON, Acetyl derivative of aminocamphorphenylhydrazone (Fors- 
rer and Kunz), T., 1729. 

C,,H.0O.N Phenylurethanes of d-1-methy]-3-isobutanolcyclohexenes 
(Haworth and Fyre), T., 1667. 

C,sH,,0;N; Semicarbazone of 06-ketomargaric acid (Le Svevr and 
WirHeRs), T., 2807. 

C,s.Hy0.N. Diamide of a-octylsebacic acid (Lz Sueur and Wiruers), T., 
2813. 


18 IV 
C,,H,,0,NCl Base, from oxidation of cepheline (CArk and PyMan), T., 1634. 


C,,H.,0;,NS p-Toluenesulphonylmethylaminocamphor (Forster and 
Kunz), T., 1731. 


C,, Group. 


C,.H,,0,; Resorcinol-benzein, and its salts (Porx), T., 251. 

C,,H,,0 Triphenylearbinol, formation of (Corisarow), P., 111. 

C,,.H,,N, Triphenylguanidine, absorption spectra of (Purvis), T., 1374; 
., 141 


C,,H,,0, Anisylidene derivative of 4:5-dimethoxy-l-hydrindone (PErkIN, 
Rosrnson, and Roserts), T., 2388. 

C,,H,,0; 2-0-Vanillylidene-5:6-dimethoxy-l-hydrindone (PERKIN, Rosin- 
son, avd Roperts), T., 2385. 

C,,H,,0, Trimethoxyphenyl methylenedioxystyryl ketones (Harpine), 


? 


C,.H;,0, Ethyl @-ketomargarate (Le Svgur and WirueErs), T., 2807. 


19 Ill 
C,,H,,0.N. p-Benzoylbenzeneazophenol (Hewirr, Mann, and Pore) T., 
2196. 


C,,H,,0,N. 2-Pheny]-4-0-nitro-p-acetoxy-m-methoxybenzylideneoxazol- 
one (BAIN, Perkin, and Rosrnson), T., 2403. 

C,,H,;0.N Pfc diphenylcarbamate, absorption spectra of (Purvis), T., 
1375; P., 141. 

C,,H,,0,N Phthalaminopiperony]malonic acid (StTerHEN and Weiz- 
MANN), T., 1154; P., 114. 

C,,.H,,0,N. Ethyl 2-nitro-3:4-methylenedioxybenzylidenehippurate 
(BALIN, PERKIN, and Ropinson), T., 2404. 

C,,H,,0;N 4:5-Dimethoxy-o-tolyl phthaliminomethyl ketone (SrEPHEN 
and WEIZMANN), T., 1052; P., 72. 

C,,H,,O.N 6-Nitro-2:3:4-trimethoxyacetophenone (Harprxe), T., 2798. 

Phthalamino-p-methoxybenzy]malonic acid (STEPHEN and WEIZMANN), 

T., 1153; P., 114. 

C,>H,,0;N, Substance, from phenylhydrazine and methyl 2-chloro-3:5-dinitro- 
benzoate (KENNER and Curtis), T., 2735. 

C,,H,,ON, Aminomesityleneazo-B-naphthol (MorcANn and REILLY), P., 74. 

C,,H,,0.N,; 2-8-Naphtholazo-4-trimethylammonium-l-benzoquinone, 
and its salts (MELDOLA and Ho.uety), T., 1475. 

C,,H,,0;N Benzylidenehydrocotarnine (G. M. and R. Ropinson), T., 1463. 

C,,H,,0,N 4:5-Dimethoxy-o-toly] phthalaminomethyl ketone (STEPHEN 
and WEIZMANN), T., 1053; P., 72. 

CisH»O.N, d-Anilide of trans-cyclopentane-1:2-dicarboxylie acid (GoLpDs- 
WoRTHY and PERKIN), T., 2642; P., 262. 

C,,H»0,N. 1-(6-Nitrohomoveratry])-2-methy1-1:2-dihy droisoquinoline 
(G. M. and R. Rosrnson), T., 1459. 
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FORMULA INDEX. 19 III—20 III 

C,,H~ON, Cinchonicine, rotation and refractivity of (PEacock), T., 2782; P., 

C,,H.,ON. Aspidosine, and its hydriodide (Ewuys), T., 2744; P., 258. 

C,,H.0.N Menthyl methylauilinoacetate (FRANKLAND and Barrow), T 
990; P., 84. 

C,,H.,0,.N,; Semicarbazone of substance C,,H..0, (HAworTH and Kine), T., 
1347. 


19 IV 


C,,H,,0;NCl, Benzoyl derivative of 8-trichloro-a-(8’-trichloro-a’- Mon dee 
ethoxy)propionobenzamide (Crowrner, McCombs, and Reape), T., 
943. 


C,,H,,0,Cl,Fe 8:4':5’-Trimethoxy-2:3-indeno-1:4-benzopyranol anhydro- 
ferrichloride (PERKIN, ROBINSON, and RosBerts), ‘I’, 2386. 


C,, Group. 


C..H,0; Furan-2:5-diacrylic acid (Cooper and Nurra.t), T., 2224; P., 
228. 

C.oHi1,0, Diphenyl phthalate, absorption spectra of (Purvis), T., 1376; P., 
141. 

C.H;.0. Triphenylacetic acid, absorption spectra of (Purvis), T., 1377 ; 


C»H,.0, Tetramethyl dipheny]-2:3:2’:3’-tetracarboxylate (KENNER and 
MaTuHeEws), T., 2471. 

C..H..0; 2-0-Veratrylidene-5:6-dimethoxy-l-hydrindone (PERKIN, Roptn- 
son, and RospeErts), T., 2385. 

C..H»0, Quercetin pentamethyl ether, preparation of, and its salts (War- 
son), T., 339 ; dimethyl sulphate of (WATSON and SEN), T., 399. 

CooHs.0, Ethvl furan-2:5-dimethylenemalonate (Cooper and Nurratt), 

, weal = PF... Baz. 
ah Substenes, from condensation of ethyl as-dimethylsuccinate with 


ethyl oxalate (HawortuH and Kine), T., 1347. 
C..H;,0, Methyl a-octylsebacate (Lz Su EUR and WITHERs), T., 2812. 
20 III 


C..H,,0S Naphthathioxins, and their salts (Guosu and Smizzs), T., 1741. 
C..H,,.0.8 Hydroxynaphthathioxin (GHosn and Smizes), T., 1402. 
Naphthasulphoniumquinone, action of, with substances containing the 

thiol group (GHosH and Smixgs), T., 1396 ; P., 148. 

C.,H,.0,N. Catechol, Resorcinol and Quinol di-p-nitro benzoates (Gray 
and CRUIKSHANKS), P., 305. 

CH,,0,N, Di-o-nitrobenzylidenephenylenediamines (SENIER and 
CLaRrkKE), T., 1925. 

C.H,,0,S 1: 2:17 :2’- Tetrahydroxydinaphthyl 4-disulphide (GHosH and 
Smizes), T., 1398. 

C.H,,O.N. p- Bensaytbanssnessesonese! (Hewitt, MANN, and Pops), T., 
2199. 


C.oH,,0;N. Acetyl derivative of p-acetylbenzeneazo-a-naphthol (Hewirr, 
MANN, and Pors), T., 2201. 

C.»H, N.S Di-g-naphthylamine sulphide (Reeve and Smivgs), P., 148. 

C.oH,,0;N, Dibenzylisopicramie acid (MeLpoLA and HotEy), T., 1483. 

C.H,,0,N 2-Pheny1-4-0-carboxymethyl-mp- dimethoxybenzylidencox 
azolone (BAIN, PERKIN, and Ropinson), T., 


C.H,,0,;N; Trinitroquercetin ip iE (Watson), T., 346. 
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20 III—20 [V FORMULA INDEX. 


CH, ON, Phenylhydrazone of B-acetylbenzeneazophenol (Hewitt, 
Manv, and Pops), T., 2196. 

CopH,,0,N. 4:5:4’: 5.Tetramethoxyindigotin (PERKIN, Rosinson, and 
Koperts), T., 2390; P., 234. 

C.oH,,0;N2 6-Nitropiperonylidenehydrocotarnine, and its salts (G. M. 
and R. Roprnson), T., 1461. 

C»H,,0.N, 6-Nitropi peronoylhydrocotarnine, and its salts (G. M. and 
Rk. Rosrnson), T., 1467. 

C.H,,0,Br, Bromoquercetin pentamethyl ether (Watson), T., 347; 
chloride and sulphate of (Watson and Sen), T., 398. 

C.oH,,0.N 6’-Nitroquercetin pentamethyl ether (Warson), T., 540. 

CyH»0,N. Benzoylphenylhydrazone of cyclohexanone-4-carboxylic 
acid, and its optically active salts (MILLS and Barn), T., 68. 

CopHe,0,N; cis-1-(or -4)-Benzoyl-p-nitro-4-(or -1)-benzoy]-2:6-dimethyl- 
piperazines (Pore and Reap), T., 238. 

C»H.,0;,N 6’-Aminoquercetin pentamethyl ether, and its salts (War- 
son), T., 340. 

CopHe,0,C1 4-Chloro-4-hydroxy-3:5:7-trimethoxy-2-m-p-dimethoxy- 
pheny1-1:4-benzopyran (Watson and Sey), T., 397. 

C»H.ON, Phenyldibenzylazonium hydroxide, salts of (Stncn), T., 1986. 

C.H.,0;N Propylene glycol 3-methyl-6-isopropylphenyl ethers p- 
nitrobenzoates (Boyp and MARLB), T., 2132. 

CH.,0,N. d@-Diethoxysuccinanilide (Youne), T., 1238. 

C»H.0,N, Nitronitrosodeacetylaspidospermine (Ewrns), T., 2747; P., 
258. 


C»H.,ON, Deacetylaspidospermine, and its hydriodide (Ew1ns), T., 2745; 
2, 258, 
C»H.0;N Substance, from oxidation of cepheline (CARR and Pymay), T., 
1636. 
CoH,0.N, Azocamphanonedioxime (Forster and Kunz), T., 1724. 
B-Camphornitrilic hydrazide (Forster and Kunz), T., 1727. 
C.H;,0.N, Bis-isonitrosocamphanazine (Forster and Kunz), T., 1726. 


20 IV 
C»H,,0,N9S Dinitronaphthasulphoniumquinone (Hutcuison and 
SminEs), T., 1747. 
C.H,,O0CIS Chloronaphthathioxin, and its salts (GnosH and SmizEs), T 
743. 


C»H,,0,NS Nitronaphthasulphoniumquinone (Hutcnison and Smi.ss), 
T., 1747; P., 213. 

CoH,ONCL Benzylideneaniline benzoyl chloride (Jamzs and Jupp), T., 
1436. 


C..H,,O,NBr, Dibromonitroquercetin pentamethyl ether (Watson), T 
348. 


C.H:e0.N;S Benzenesulphonylaminoazotoluenes (MorGaNn and Cooks), 

C»H.,0;NC1 Dimethoxyisoquinoline veratroyl chloride (Mason and 
PERKIN), T., 2024. 

CoH,0.N.Br cis-1-(or -4)-Benzoyl-p-bromo-4-(or -1)-benzoy1-2:6-dimethy!- 
piperazines (Porz and Reap), T., 239. 

CHz,ONCl, Base, from oxidation of cephetline (Carr and Pyman), T., 1635. 

C.H,,0,NS 8-Camphorsulphonylaminocamphor (Forster and Kvuwnz), 

C..H,,0,N,S 8-Camphorsulphonylaminocamphor dioxime (Forsrer and 
Kunz), T., 1731. 
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FORMULA INDEX. 20 V—22 II 


20 V 
C..H,,0;NCIS Chloronitronaphthathioxin (Hurcuison and Smits), T., 
1748. 


Cu Group. 


C.,H,,0, Acetyl derivative of resorcinol-benzein (Pops), T., 258. 

C.,H,,0, Bisbenzylidenedimethylpyrone, and its salts (Boon, McKenzig, 
and Trotrrer), T., 205. 

C.,H,,0,, Triacetylquercetin (Watson and Sey), T., 394. 

C.,H,,N. isoAmarine, reactions of (SNAPE), P., 6. 

d- and J-isoAmarine, rotation of (SNAPE), P., 151. 

C.,H»O, 7-«8-Dihydroxy-acy-triphenylpropane (McKenzir, Marrin, and 
Rute), T., 1590. 

C.,H0,, Quercitrin (PERKIN), P., 201. 

C.H,,N Tribenzylamine, absorption spectra of (Purvis), T., 1375; P., 141. 

re Sete aonemeney 2H,0) (PowrEr and Brownine), T., 1833 ; 


C.,H,,0, u-Ketoheneicosoic acid, and its silver salt (Le Suzur and WITHERS), 


T., 2815. 
21 III 
C.,H,,0;S 1:2- and 1:4-Diacetoxynaphthathioxanthones (GHosH and 
Smies), T., 1399. 


C.,H,,0,;N. Acetyl derivative of p-benzoylbenzeneazophenol (Hewitt, 
MANN, and Popr), T., 2196. 
Benzoyl derivative of B-acetylbenzeneazophenol (Hewitt, MANN, and 
Pope), T., 2195. 
C.,H,,0;N; 2:6-Dinitro-4-dibenzylaminoanisole (MELDoLA and HoLLELy), 
T., 2084. 


C.,H ON, Phenylhydrazone of p-acetylbenzeneazo-p-cresol (HEwr't, 
MANN, and Pope), T., 2199. 


C.,H..0,N, Substance, from magnesium methy] iodide and gallonitrile trimethyl 
ether (HARDING), T., 2799. 
C.,H,,0,N. cis-1-(or -4-) Benzoy1-4-(or -1-) anisoy]-2:6-dimethylpiperazines 
(Pore and Reap), T., 240. 
CuH,0:Ns Anhydrocotarnine-6-nitroveratrole (G. M. and R. Rosrnson), 
, 1458. 


21 IV 
C.,H.ONBr Dibenzylmethyl-p-aminophenyl bromide (MELpoLA and 
Hoey), T., 1481. 


C.. Group. 


C..H,,Bi Diphenyl-a-naphthylbismuthine (CHALLENGER), T., 2217; P., 
229, 


C..H,,0, Acid, from p-carbethoxy-8A-diphenylpropiophenone (MACLEAN and 
Wippows), T., 2173; P., 222. 

C.H,,0, Auhydrobis-1:2-diketo-5:6-dimethoxyhydrindene (PERKIN, 
RosBerts, and Rosirnson), T., 2408. 

Cutt nOs reg menthoxyacetic acid (FRANKLAND and Barrow), T., 

0; P., 84. 

C..H,.0; Methyl w-ketoheneicosoate (Le Susur and Wiruers), T., 2816. 

CHO; a-Hydroxy-a-octyldodecanedicarboxylic acid, and its silver salt 
(LE Sueur and Wiruers), T., 2815; P., 257. 

C..H,,0, Dihydroxybehenic acid, fusion of potassium hydroxide with (Lz 
Suxurand WitueErs), T., 2800; P., 257. 
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22 HI—28 III FORMULA INDEX. 


22 Ill 


C..H,,0,.S, Acetylthiolnaphthathioxin (Guosn and Smrzgs), T., 1400. 

Co2H,0,S, Carboxymethylthiolnaphthathioxin (Guosu and SMIzEs), T., 
1401. 

CoH,,0,;N, Acetyl derivative of p-benzoylbenzeneazo-p-cresol (HEWITT, 
Mann, and Pops), T., 2199. 

Benzoyl] derivative of p-acetylbenzeneazo-p-cresol (Hewitt, Mann, and 

Pork), T., 2199. 

CoaHH01.N, Di-6-nitro-2:3:4-trimethoxy benzoylfuroxan (Harpine, T., 
2799. 


C..H.,0.N; Diphenylearbamyl-p-dimethylaminobenzsynaldoxime 
(Brapy and Dunn), T., 2876. 

C..H..0,N. Dianhydrodihydrastinine (G. M. and R. Roginson), T., 1450. 

C..H..0;N, Anhydrocotarnine-5:6-methylenedioxy-2-methylindole, 
and its salts (FouLps and Rosryson), T., 1970. 

C..H,.0,N, o-Dinitrotetra-acetyltolidine (Carin and Mickieruwair), T., 
1446, 


C.,H..0,N, Nitro-8-gnoscopine, and its salts (Hope and Resrnson), T., 2089. 
C..H,30,N,; Nitrotetra-acetyltolidine (Carn and Mickieruwalr), T., 1451. 
C..H.,0,N 8-Gnoscopine, and its salts (Hopr and Roptnson), T., 2098. 
C..H,,0,N. Amino-8-gnoscopine (Hopz and Rosinson), T., 2092. 
C..H.,0,Br, Dibromoquercetin pentamethy] ether, and its hydrobromide 
(Watson), 'T’., 347. 
C..H.;0,N, Hydrazino-8-gnoscopine (Hore and Rosrnson), T., 2095. 
C..H,,0,N. Phenylhydrazide of ethyl] 2:6-dicarbethoxy-A-*5cyclohexa- 
dien-5-ol-l-acetate (Currius and KENNER), T., 289. 
C.2H»0.N. Aspidospermine, constitution of (Ewins), T., 2738; P., 258. 
C,.H,,0;N; Semicarbazone of uw ketoheneicosoic acid (LE SuEur and 
Wiruers), T., 2816. 
22 IV 
C..H,.0,NI lodo-8-gnoscopine (Horr and Rosinson), T., 2097. 
C..H,,O,NBr Bromonornarceine (Hope and Roninson), T., 2102. 
C..H,,0,NS Papaveraldine methosulphate, and its oxidation (Mason and 
Perkin), T., 2016. 
C..H;,0,NS A-8-Naphthalenesulphonylaminolauric acid (Le Surur 
and WiTHERs), T., 2818. 


C.; Group. 


C.;H,,0 Anhydride of £8-1:l-dihydroxydinaphthylpropane, and _ its 
picrate (Sen-Gupra), T., 401. 

C.3H,:0; 3:6-Dihydroxy-9-phenylxanthen diacetate (Pore), T., 258. 

C.3H»0, Bisanisylidenedimethylpyrone, and its salts (Boon, McKenzie, 
and Trorrer), P., 205. 

C.3H.0; Ethyl w-ketoheneicosoate (Le Surur and Wiruens), T., 2816. 


23 Ill 


C.;H,,0Cl, Dichloro-derivative of §-1:1-dihydroxydinaphthylpropane 
anhydride (Szen-Gupra), T., 402. 

C.;H,,OBr, Dibromo-derivative of §-1:1-dihydroxydinaphthylpropane 
anhydride (Sen-Gurra), T., 420. 

C.,;H,,O.N. p-Benzoylbenzeneazo-a- and -8-naphthols (HEwi1t, MANN, and 
Pope), T., 2201. 
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C.3H;,0;N. Dinitro-derivative of 8-1:1-dihydroxydinaphthylpropane 
anhydride (Sen-Gupra), T., 402. 

C.3H,,0;N Nitro-derivative of 8-1:1-dihydroxydinaphthylpropane 
anhydride (Sen-Gurra), T., 402. 

C.3H,0,N 3:5-Dihydroxy-7-keto-4-p-dimethylaminopheny]-2-m-p- 
dihydroxyphenyl-1:4-benzopyran (WAvsoN and Sen), T., 396. 

C.;H,,0,.N Triacetyl derivative of 6’-nitroquercetin dimethyl ether 
(Watson and Sgn), T., 393. 

C.,H.0,Br, Bis(a8-dibromoanisylmethyl) pyrone (Boon, Wuitson, and 
HeEi.Lpron), T., 2181. 

C.,;H.,0,;N, Semicarbazide, from acid C.H,,0, (MacLEAN and Wrippows), 
T., 2173; P., 222. 

C.;5H.,0,N Ethyl phthaliminopiperonylmalonate (STEPHEN and WEiz- 
MANN), T., 1154. y 

C.,H.,0ON Diphenyl-p-dimethylaminostyrylearbinol (MacLean and 
Wippows), T., 2174; P., 222. 

C.,H..0,N Ethyl phthalimino-p-methoxybenzylmalonate (STEPHEN and 
WEIZMANN), T., 1152. 

C.,H.,0,N, Anhydrocotarninenitro-a-methylmeconine (Hopr and 
Rosrnson), T., 2103. 

C.;H.,0,N. Brucine, interaction of, with nitric acid, in presence of nitrates 
(RENNIE and Dawkins), T., 1487; P., 71. 


Salt of, with methyl tetronic acid (GiLMour), T., 80. 
C.,;H:,0,.N, Nitronarceine (Hore and Rosinson), T., 2091. . 
C.,H..ON,; Benzoyl derivative of aminocamphorphenylhydrazone 
(Forster and Kunz), T., 1729. 
C.3;H;,,0,.N 0-Ketomargaranilide (Le Sveve and Wiruers), T., 2807. 


23 IV 
C.,H.,0.N;S p-Toluenesulphonyl] derivative of aminocamphorphe- 
nylhydrazone (Forster and Kunz), T., 1729. 


C., Group. 
C.,.H,0 Anhydride of £-1:l-dihydroxydinaphthylbutane, and its 
picrate (S—N-Gupta), T., 403. 
C.,H..0, Tribenzoin, absorption spectra of (Purvis), T., 1376; P., 141. 
C.,H..Si Tetraphenylsilicane, absorption spectra of (Purvis), T., 1378; 
P., 141 


C.,H..0; p-Car beth oxy-68-dip henylpropiophenone (MacLEAN and 
Wippows), T., 2172; P., 222. 


24 III 

C.,H,;0,Cl1 Dibenzoyl derivatives of 3-chlorodihydroxy-4-methyl- 
coumarins (Dey), P., 39. 

C.,H,,0Cl, Dichloro-derivative of B-1:1-dihydroxydinaphthylbutane an- 
hydride (Sen-Gupta), T., 403. 

C,,H,,OBr, Dibromo-derivative of B-1:1-dihydroxydinaphthylbutane an- 
hydride (Sen-Gurpra), T., 403. 

C.,H,,0;N. Dinitro-derivative of 8-1:1-dihydroxydinaphthylbutane an- 
hydride (Szx-Gurta), T., 403. 

C.,H»ON, Phenylhydrazoneof p-acetylbenzeneazo-8-naphthol (HEwIrr, 
MANN, and Pops), T., 2203. 

CucHasN2S Dimethyl-6-naphthylamine sulphide (REEvE and SMies), P., 
147, 
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24 I1I—26 III FORMULA INDEX. 


C;,H.;0,N 6’-Diacetylaminoquercetin pentamethyl ether (Watson), T., 
341, 


C.,H,,0,N. Acetylamino-8-gnoscopine (Hops and Rosinson), T., 2092. 

C.,H.,0,N; Phenylcarbaminophenylurethanes of camphor quinone- 
hydrazoximes (Forster and Kunz), T., 1722. 

C.,H.,0,N; Di-p-nitrobenzylidene derivative ofaminocamphorhydrazone 
(ForsTER and Kunz), T., 1727. 

C.,H3.0.N, cis-Benzoyl-d-methyle necamphor-2:6-dimethyIlpiperazines 
(PorE and Reap), T., 240. 


24 1V 


C.,H;,0,N;S Di-p-toluenesulphonyl] derivative of aminocamphorhydr- 
azone (Forster and Kunz), T., 1727. 


C.; Group. 

C.;H..0 Anhydrides of B- and y-1:1-dihydroxydinaphthylpentanes 
(Sen-Gupta), T., 404. 

C.;H..0,. Dibenzoylglucoxylose (+ H,O) (Power and Satway), T., 772, 
1062 ; P., 66, 109. 

isoDibenzoylglucoxylose (Turn), P., 302. 

C.;H;,.0, Benzoyl derivative of a-hydroxy-a-octylsebacie acid (Lm Suvgur 

and WITHERS), T., 2805. 
e 25 Ill 

C.;H:,0,N, Acetyl] derivative of p-benzoylbenzéneazo-a-naphthol 

(Hewitt, MANN, and Pore), T., 2201. 
Benzoyl derivative of p-acetylbenzeneazo-a-naphthol (Hewrrr, MANN, 

and Pope), T., 2201. 

C.;H2O0Cl, Dichloro-derivatives of 8- and y 1:1-dihydroxydinaphthyl- 
pentane anhydrides (Sren-Gupra), T., 404. 

C.;H,,OBr, Dibromo-derivatives of B8- and y-dihydroxydinaphthyl- 
pentane anhydrides (Szen-Gupta), T., 404. 

C.;H..0;N, Dinitro-derivatives of 8- and y-1:1-dihydroxydinaphthyl- 
pentane anhydrides (SEen-Gupra), T., 404. 

C.;H.,0,N, Trianilide of trans-cyclo butane-1:2:3-tricarboxylic acid (Gonps- 
WorTHY and PERKIN), T., 2671. 

C.;H.;30,N; Picrylcinchonicine (Pgzacock), P., 275. 

C.;H.,0.N Phenyl p-dimethylaminostyryl ketone :(MacLEaAn and 
Wippows), T., 2173. 

C.sH.00,N, iso-Propylidenehydrazo-8-gnoscopine (HopPE and Rosinson), 

-, 2096. 


C.;H;.0,N. Noremetine and its hydrochloride (CArr and PyMAn), T., 1616. 
C.;H;,0,N m-Nitrobenzoy] derivative of a-hydroxy-a-octylsebacic acid 
(Le SuEuR and Wiruers), T., 2805. 


C., Group. 


CrcH Ns Substance from benzil and benzidine (CAIN and MICKLETHWAIT), 
i ae 


Cy4H.0 Anhydride of 1:l-dihydroxydinaphthylceyclohexane (SEn- 
Gupta), 409. 


C..H,.0, Sarsasapogenin (Power and SALway), T., 215. 
26 III 


C.~H,;,0;N, Benzoyl derivative of p-benzoylbenzencazophenol (HEWITT 
MANN, and Popr), T., 2196. 
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FORMULA INDEX. 26 III—28 III 


C.¢H,,0.,.N, Di-o-nitrobenzylidenebenzidene (SENrER and CLarKe), T., 
1924. - 


C.sH.;0,N, m-Nitrobenzoylcinchonicine (Peacock), P., 274. 
Cy H,0,N. Succinimino-8-gnoscopine (Hope and Rosinson), T., 2093. 


26 IV 
C.sH,,0,N;3S Phenylhydrazone of nitronaphthasulphonium-quinone 
(HuTcHIsON and SMILEs), 'I’., 1747 ; P., 213. 
C.,H.0.N.S; Benzoyl derivative of trithioaniline (Hopeson and Drx), T., 
956. 


C.sH,0,N.S _cis- and trans-1:4-Dinaphthalene-a-sulphonyldimethylpiper- 
azines (Pope and Reap), T., 245. 
C..H.0,N.S p-Toluenesulphonyleinchonicine (Peacock), P., 275. 


C., Group. 
C.,H.,0 Anhydride from a-naphthol and 1-methyleyclohexan-3-one (SEN- 
Gupta), T., 409. 
C.,H,O Cholesterol, unstable compounds of barium methoxide and (NEWBERY), 
T., 380; P., 5. 
27 Ill 


C.,H»0;N, Benzoyl derivative of p-benzoylbenzeneazo-p-cresol (HEwiTT, 
MAnn, and Pops), T., 2199. 

CuiH0.Nz Naphtholazoquercetin dimethyl ether (Watson and Sgn), 

-y 399. 

C.,H,.0;N. Dinitro-derivative of anhydride O,,H,,0 (Sen-Gupra), T., 409. 

C.,H..0,N. Benzoyldeacetylaspidospermine (Ewrns), T., 2745; P. 258. 

C.,H;;0,I 3:5:7-Triethoxy-2-m-p-diethoxypheny|-4-ethyl-1:4-benzopyran 
anhydrohydriodide (Watson and Sey), TT. 397. 

C.-H,,0,N Solangustidine, and its salts (Turin and CLewer), T., 565; P., 7. 


C.; Group. 
C.,H..0 Anhydride of a-1:l-dihydroxydinaphthylethylbenzene (SEn- 
Gupta), T., 406. 
C.,H.,0 Anhydride of 8-1:1-dihydroxydinaphthyloctane (Szn-Gupta), 
T., 405. 


C.,H,,0, Acetylsarsasapogenin (Power and SALway), T., 216. 


28 III 

C.,H,,0Cl, Dichloro- derivative of a-1:1-dihydroxydinaphthylethyl- 
benzene anhydride (SENn-GupTa), T., 406. 

C.,H,,0Br, Dibromo-derivative of a-1:l-dihydroxydinaphthylethyl- 
benzene anhydride (Sen-Gupra), T., 406. 

C.sH,;,0;N. Dinitro-derivative of a-1:1-dihydroxydinaphthylethylbenz- 
ene anhydride (Szn-Gupta), T., 406. 

CogHoO,4N, s-2:4:2’:4’-Tetranitro-6:6’-dicar bomethoxytetraphenyl- 
hydrazine (KENNER and Curtis), T., 2736. 

C.sH,OCl, Dichloro-derivative of -1:1-dihydroxydinaphthyloctane 
anhydride (Sen-Gueta), T., 405. ; 

C.,H,OBr, Dibromo-derivative of §-1:1-dihydroxydinaphthyloctane 
anhydride (SEN-Gupta), T., 405. 

C.sH,40;N, Dinitro-derivative of  -1:l-dihydroxydinaphthyloctane 
anhydride (Sen-Gupta), T., 406. 
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28 IlI—82 III FORMULA INDEX. 


C.sH,,0,N. Psychotrine, and its salts (CARR and Pyman), T., 1612; P., 157. 

C.sH,,0,N. - and iso-Cephaelines, and their salts (Carr and Pyman), T., 
1608; P., 157. 

C.sH»~O.N. cis-4-d-1-1-Dimethylenecamphor-2:6-dimethylpiperazine 
(Pope and Reap), T., 244. 


C., Group. 


C..H..0; Didesy] carbonate (McComsiz and Parkgs), T., 1689. 


29 IIl 
CooH.,0.N, Mesitylenebisazo-8-naphthol (Morcan and ReIty), P., 74. 
C..H,,;0,N; 2:6-Bisazo-8-naphthol-4-trimethylammonium-l-benzoquin- 
one (MELDOLA and Hot.eEty), T., 1476. 
C.,H,;0,,N Hepta-acetyl-6’-amino quercetin (Warson), T., 344. 
CooH»O.Ns Phenylcarbamido-8-gnoscopine (Horpz and Rostnson), T., 
2093. 


C,,H;,0,N, Rubremetine, and its salts (CArr and Prman), T., 1628. 

C..H,,.0,N. Emetine, and its salts (Carr and Pyman), T., 1600; P., 157. 
N-Methylcephaeline, and its salts (CARR and PyMAN), T., 1621; P., 158. 

CooHs05N Acetylsolangustidine(+4H,O) (Turmn and CLewer), T., 568; 


? 


C;,, Group. 


CyH.Bi Tri-a-naphthyl¥’ismuthine (CHALLENGER), T., 2217; P., 229. 

CyH.0, Substances, from benzoin and oxalyl chloride (McComBiE and 
PARKES), T., 1690. 

C,,H.,0,, Santalin, constitution of (CAIN, StmonseEN, and Smitn), T., 1335; 


7 


CyH,O0 Stigmasterol (Power and Satway), T., 212. 


30 III 
CyoH»O,;N. Benzoyl derivative of p-benzoylbenzeneazo-a-naphthol 
(HEWITT, MANN, and Pope), T., 2201. 
CsoH,O5N2 6’-B-Naphtholazoquercetin pentamethyl ether (Watson), 
T., 346. 


CyH.0,N. N-Methylemetine, and its salts (CARR and Pyman), T., 1618; P., 
157. 


C,, Group. 


CoH 03s Penta-acety] derivative of triacetylquercetin (WATSON and SEn), 
; +) 38 
Cs. Group. 
Cs2H30. Anhydride, from a-naphthol and cyclohexanone (SEeN-Guprta), T., 
408. 
CxoH320,, Santalin methyl ether (Carn, Simonsen, and Smirn), T., 1338. 


32 III 
Cs2Hy0,.N. Nitrosantalin methyl ether (Carn, SrmonseEn, and Suirn), T., 
1339. 


Cs2H,,0,N Nitro-derivative from anhydride C,.H,.0, (S—N-Gupra), T., 408. 
CroHy0:Ns l-Menthylidenehydrazino-8-gnoscopine (Hope and Rosinson), 
, 2096. 
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33 II—42 III 


Cz Group. 

C.3H»0 Anhydride of diphenylene-1:1-dihydroxydinaphthylmethane 
(Sen-Gurra), T., 407. 

Cs3H.0 Anhydride of diphenyl-1:l-dihydroxydinaphthylmethane 
(Sen-Gupta), T., 406. 

C,;H.0, Tetrabenzoylmethyltetritol (Girmour), T., 79. 

C.3H.0,, Hexa-acetylapigenin-d-glucoside (Power and Brownrne), T., 
1834 ; P., 210. 


33 III 
C,3H,,0;N. Dinitro-derivative of diphenylene-l:l-dihydroxydinaph- 
thylmethane anhydride (Sen-Gurta), T., 407. 
C;3H.,0Cl, Dichloro-derivative of diphenyl-1:1-dihydroxydinaphth yl- 
methane (Srn-Gupra), T., 407. 


C;3H2,OBr, Dibromo-derivative of diphenyl-1:l-dihydroxydinaphthyl- 
methane (Sen-Gupta), T., 407. 


Cz3H;,0,N,. d-Camphorylidenemethylamino-8-gnoscopine (Hopr and 
Rosinson), T., 2095. 


C,;H;,0,N Solangustine (+H,0), and its salts (Turin and CLewer), T., 564; 
| A 


C;, Group. 


C,,H;,0,N. Daphnoline, and its salts (PyMAN), T., 1684; P., 184. 
C,,.H;,0,,N. Nitrosantalin dimethyl ether (Carn, SIMONSEN, and SmirtnH), 
T., 13839. 


C,; Group. 


C;;H3,0,, Penta-acetyldibenzoylglucoxyiose (Powrr and Satway), T., 
1063. 


C;,; Group. 
Cs;H0, Didesyl phthalate (McComste and Parkgs), T., 1690. 
C3sH;,0:, Ethylcearbonatosantalin (Carin, SrmonsENn, and Smirn), T., 13387. 


36 III 
C;.H;,0,N, Micranthine, and its salts (PymAn), T., 1685; P.,£184. 
C,.H;,0,N. Daphnandrine, and its salts (Pyman), T., 1682; P., 184. 
C,5H,,0;N, Benzoylemetine (Carr and PymMAn), T., 1614; P., 157. 


Css Group. 


C;;H;,0, Didesy] camphorate (McCompiz and Parxzs), T., 1691. 


Cus Group. 


C.2He.0, Caulosapogenin (Turin and CLewer), T., 1847; P., 210. 


42 Ill 


C,.H,.0,Si,; Trianhydrotrisdibenzylsilicanediol, properties and reactions 
of (RoBIsoNn and Kripprne), T., 45. 
C.H,,0,Si, Dianhydrotrisdibenzylsilicanediol (Rostson and Krppine), 
44, 
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44 II—54 II FORMULA INDEX. 


C., Group. 
C,,H,.0.. Sarsasaponin (+ 7H,O) (Power and Satway), T., 213. 


C., Group. 
C,,H,,0;Si, Trianhydrotetrakisdiphenylsilicanediol (Kipprne and Rost- 
son), T., 497. 
C;, Group. 


C54Hse0,g Caulosapogenin glucoside (TutTiIn and CLewenr), T., 1857; P., 
211. 
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ERRATA. 
Vou. CV. (Trans., 1914). 


Line 
1 for “milligram” read ‘ gram.” 
4* |, ‘‘aa-Dimethylbut an-y-one-ad8-tricarboxylate” read 
‘* B- Methylpentan-8-one-Bee-tricarboxylate.’ 
8 ,, ‘‘aa-Dimethylbutan-y-ol-ays8-tetracarboxylate” read 
‘* B- Methylpentan-5-ol-Bdee-tetracarboxylate .” 
15 ,, ‘*CesHg90,N,8” read ‘‘C.3H20,N,8.” 
1* ,, “*Cy,Hg,ON” read ‘*C,,H,.ON,.” 
»» ‘'C,,HO3NS” read ‘‘C,,H.,0,N8.” 
14. ,, ‘Fig. 1” read “ Fig. 3.” 


? 


9? ”? ” ? 
? . “ee” os WOE 
9 ,, ‘* Velocity constant for ethylene oxide’’ 
Velocity constant for propylene oxide. 
read ‘‘ Velocity constant for propylene oxide” 
~ Velocity constant for ethylene oxide. 


* From bottom. 


